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Abstract 

Diabetes mellitus is a condition characterized by chronically high blood glucose levels. Early research into diabetes led to the 

discovery of its link to the pancreas in 1889 by French scientists, and in 1921, Canadian researchers identified insulin 

deficiency as a key factor. The 19th-century discovery by Mering and Minkowski, that removing the pancreas in dogs 

resulted in diabetic symptoms, emphasized the organ’s crucial role in the condition. Building on earlier theories, Banting, 

Best, and Macleod discovered insulin in 1921, which revolutionized diabetes treatment. Diabetes is classified into three main 

types: Type 1 Diabetes Mellitus (T1DM), an autoimmune disease where the body attacks insulin-producing cells, requiring 

lifelong insulin injections; Type 2 Diabetes Mellitus (T2DM), which results from insulin resistance or impaired insulin 

secretion, often linked to genetics and lifestyle factors; and Gestational Diabetes Mellitus (GDM), which develops during 

pregnancy due to hormonal changes affecting insulin production but typically resolves after childbirth. Recent research has 

expanded our understanding of diabetes through exploring genetic, environmental, and microbiome influences. The gut 

microbiome, in particular, is gaining attention for its potential role in the onset and management of diabetes, with emerging 

evidence suggesting that gut bacteria may influence insulin sensitivity and metabolic processes. Moreover, Artificial 

Intelligence (AI)-driven interventions are being developed to improve diabetes management, such as algorithms for 

personalized insulin delivery, predictive modeling for glycemic control, and the optimization of treatment regimens.  

Advancements in beta cell protection and regeneration, as well as closed-loop insulin delivery systems, offer hope for more 

effective diabetes management. While wellness programs and medications can reduce complications, the increasing 

prevalence of diabetes underscores the need for further research. Public health initiatives that promote healthy lifestyles 

remain essential for diabetes prevention. Future research is focused on novel therapies, including AI-driven technologies, as 

well as patient-centered approaches that aim to enhance quality of life and minimize complications. 
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Introduction and Definition 

Diabetes mellitus, commonly known as diabetes, “ is a 

disease that occurs when your blood glucose, also called 

blood sugar, is too high” [1]. Glucose, which comes from 

foods rich in carbohydrates such as bread, potatoes, and 

fruits, is broken down into smaller components by enzymes 

and acids in the stomach, releasing them into the 

bloodstream [2]. As blood glucose levels rise, the pancreas 

releases insulin to help lower glucose and restore normal 

levels [2]. In individuals with diabetes, the process of 

converting glucose from the bloodstream into cellular 

energy is disrupted, leading to various problems in the 

body’s normal functions [2]. 

Significant progress in diabetes research was made in 

1889 at the University of Strasbourg in France, when 

German physiologist Oskar Minkowski and physician 

Joseph von Mering surgically removed the pancreas from 

dogs [3]. They observed that the dogs developed symptoms 

similar to human diabetes, such as excessive thirst, 

urination, and hunger [3]. 

Later, at the University of Toronto, Dr. Frederick 

Banting and Charles Best tied off the pancreatic ducts in 

dogs to isolate insulin, a hormone crucial for regulating 

blood sugar levels [4]. Their success in extracting insulin 

marked a breakthrough in diabetes treatment [4]. The 

procedure was designed to prevent the digestive enzymes 

produced by the pancreas from destroying insulin in the 

islets of Langerhans, thus allowing the insulin to remain 

intact for extraction [4]. In 1923, Banting and Macleod 

were awarded the Nobel Prize in Physiology or Medicine 

for their discovery of insulin [4]. 

 

Body 

Fundamental Concepts 

Diabetes mellitus is a chronic metabolic disorder 

characterized by persistently high blood sugar levels [5]. 
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Blood sugar is the main energy source for cells, and insulin 

is the key hormone that regulates blood sugar levels, 

playing a crucial role in diabetes management [5]. 

Glucagon, another hormone produced by the pancreas, also 

contributes to regulating blood glucose levels [5]. Insulin is 

produced by beta cells in the pancreas and facilitates the 

uptake of glucose from the bloodstream into the body’s 

cells [5]. Inside the cells, glucose is broken down to 

produce high-energy molecules called ATP [6]. This 

process lowers blood sugar levels [6]. In diabetic patients, 

insulin production is either deficient (T1DM) or the body’s 

cells become resistant to insulin’s effects (T2DM) [5]. 

Glucagon and insulin work together in a feedback loop 

to regulate blood sugar levels [6]. These hormones are 

produced by specialized cells in the pancreas called alpha 

and beta cells, which are located in the islets of Langerhans 

[6]. Alpha cells release glucagon, which signals the liver to 

break down glycogen and release glucose into the 

bloodstream, raising blood sugar levels [6]. Conversely, 

beta cells produce insulin, which helps cells absorb glucose 

for energy, thus lowering blood sugar levels [6]. 

In healthy individuals, the balance between alpha and 

beta cells ensures stable blood sugar levels [6]. After eating, 

rising glucose levels trigger the release of insulin from beta 

cells, promoting glucose uptake [6]. As blood sugar levels 

decrease, glucagon secretion increases, signaling the liver 

to release stored glucose into the bloodstream [6]. 

However, in diabetes, this regulatory system is impaired. In 

T1DM, beta cells are destroyed, leading to insulin 

deficiency, while in T2DM, cells become resistant to 

insulin, and alpha cells may release excess glucagon, 

further elevating blood sugar levels [6]. 

 

Types of Diabetes 

Diabetes mellitus is classified into three main types [7]. 

The first, T1DM, previously known as juvenile diabetes or 

insulin-dependent diabetes, is an autoimmune condition in 

which the immune system attacks and destroys insulin-

producing beta cells in the pancreas [8]. Without insulin, 

the body cannot effectively move glucose from the 

bloodstream into cells for energy production [8]. As a 

result, glucose builds up in the blood, leading to high blood 

sugar levels [8]. T1DM is typically diagnosed in childhood 

or young adulthood, although adult-onset cases can also 

occur [8]. 

The second type, T2DM, also known as non-insulin-

dependent diabetes, is caused by insulin resistance, where 

the body’s cells become less responsive to insulin, or there 

is insufficient insulin production [9]. T2DM is associated 

with two primary issues: the pancreas either fails to produce 

enough insulin to lower blood glucose levels, or the cells 

become less effective at absorbing glucose from the 

bloodstream [9]. The concerning rise in childhood obesity 

led to an increase in T2DM diagnoses among younger 

populations, whereas historically it was more prevalent in 

adults [9]. 

The third type, Gestational Diabetes Mellitus (GDM), 

is a temporary condition that occurs during pregnancy [10]. 

Pregnancy hormones, such as estrogen, cortisol, and human 

placental lactogen, can cause insulin resistance [10]. 

Similar to T2DM, the body becomes less able to use insulin 

effectively, resulting in high blood sugar levels during the 

second and third trimesters [10]. While GDM typically 

resolves after childbirth, women who experience it are at a 

higher risk of developing T2DM later in life [10]. 

 

Short-Term Complications with Diabetes Mellitus 

Each type of diabetes is associated with specific short-

term complications, which patients experience to varying 

degrees of severity. Common complications across all 

forms of diabetes include severe dehydration, frequent 

urination, sleep deprivation, and delayed wound healing 

[11]. Both T1DM and T2DM patients are particularly 

susceptible to hypoglycemia, or low blood sugar [12]. 

Symptoms of hypoglycemia can include shakiness, 

sweating, dizziness, confusion, and irritability [12]. 

Additionally, individuals with T1DM are at a higher 

risk of developing Diabetic Ketoacidosis (DKA), a serious 

condition that occurs when the body lacks sufficient insulin 

[13]. DKA can quickly become life-threatening if left 

untreated. While prompt medical treatment can resolve the 

condition in the short term, delaying treatment may result in 

irreversible bodily damage and, ultimately, death [13]. 

In a similar manner to T2DM, pregnant individuals 

with GDM develop insulin resistance due to the 

physiological changes associated with pregnancy [14]. 

These individuals may face an increased risk of 

miscarriage, birth defects, and delivering a baby classified 

as large for gestational age [14]. Frequent urination, a 

common symptom of GDM, can further raise the risk of 

urinary tract infections [15]. Fortunately, the symptoms of 

GDM generally resolve after childbirth as the body returns 

to its pre-pregnancy state [16]. 

 

Long-Term Complications with Diabetes 

When diabetes is not properly managed, it can lead to 

long-term complications that negatively affect various body 

systems [8]. One of the most common and serious 

complications is cardiovascular disease [8]. High blood 

glucose levels contribute to the development of 

atherosclerosis, a condition characterized by the buildup of 

fatty deposits in the arteries, which damages the delicate 

lining of blood vessels [8]. As the blood vessels narrow, 

blood flow to the heart, brain, and feet becomes restricted 

[8]. While atherosclerosis in diabetic patients follows a 

similar process to that in non-diabetic individuals, it tends 

to develop earlier and progress more rapidly in those with 

diabetes [8]. 

Moreover, chronically high blood glucose levels can 

cause nerve damage throughout the body [9]. This damage 

can lead to peripheral neuropathy, a condition that primarily 

affects the nerves in the feet and legs [9]. Symptoms of 
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peripheral neuropathy include pain, numbness, tingling 

sensations (often described as "pins and needles"), and 

muscle weakness [9]. The loss of sensation in the feet 

increases the risk of foot ulcers and infections [9]. Diabetic 

patients may also develop autonomic neuropathy, which 

affects the control of involuntary functions such as 

digestion, bladder control, and sexual function [8]. 

Diabetic retinopathy is another significant 

complication caused by prolonged high blood sugar levels, 

which damage the blood vessels in the retina and can lead 

to vision loss [8]. The damage weakens the retinal blood 

vessels, causing them to leak fluid or blood, resulting in 

blurred vision and other visual impairments [8]. Regular 

eye exams are crucial for individuals with diabetes to detect 

and manage this condition early, thereby reducing the risk 

of severe complications. 

 

Management and Treatment 

Diabetes mellitus affects each patient differently, 

depending on the type of diabetes they have, as well as their 

individual physiological conditions and social factors. 

These differences influence treatment options, which are 

tailored to meet each patient’s specific needs and the 

progression of their disease. For example, insulin therapy is 

the most commonly used treatment for diabetic patients 

[17]. While patients with T2DM or GDM are typically 

prescribed medications to enhance insulin function, T1DM 

patients must inject insulin directly into their bloodstream 

several times a day to replicate the body’s natural insulin 

release patterns [17]. 

Another essential step for all diabetic patients is 

regularly monitoring their blood sugar levels [18]. Self-

Monitoring of Blood Glucose (SMBG) involves using finger 

pricks and specially calibrated meters to measure blood 

glucose levels [18]. In addition to SMBG, patients can also 

use Continuous Glucose Monitoring (CGM) systems, which 

involve sensors inserted under the skin to provide real-time 

glucose readings [18]. Although this monitoring is crucial for 

managing diabetes, SMBG can be painful, and CGM systems 

can be costly and uncomfortable [18]. 

Furthermore, nearly all diabetic patients are prescribed 

oral medications, which either stimulate insulin production 

(for T1DM), improve insulin sensitivity (for T2DM), or 

delay carbohydrate absorption [19]. Managing carbohydrate 

intake is also important, as it helps predict blood sugar spikes 

and allows for appropriate insulin dose adjustments [20]. 

 

Current Research 

Current research is focused on advancing therapeutic 

options, treatment strategies, and surgical interventions to 

improve the quality of life for individuals with diabetes. 

One promising innovation is the development of Artificial 

Pancreas Systems (APS), which aim to enhance insulin 

regulation [21]. APS functions as closed-loop insulin 

delivery systems, automatically adjusting insulin 

administration based on real-time blood glucose levels [21]. 

These systems integrate CGMs with insulin pumps, 

reducing the burden of manual insulin dosing while 

improving blood sugar control [21]. 

Another area of research involves using human stem 

cells to regenerate insulin-producing beta cells in 

individuals with T1DM [22]. While stem cell therapy 

holds great potential, it is still in the early stages of 

development, facing challenges such as immune rejection, 

scalability, and long-term efficacy [22]. Researchers are 

also exploring non-invasive glucose monitoring 

techniques that use sweat, tears, or interstitial fluid to 

provide accurate blood sugar readings without the need 

for painful finger pricks [23]. 

Despite these advancements, significant gaps remain in 

diabetes research. The precise mechanisms behind the 

autoimmune destruction of beta cells in T1DM are not yet 

fully understood, which limits progress in preventive 

therapies. For T2DM, the complex interplay between 

genetic and environmental factors continues to present 

challenges. Additionally, while APS and stem cell therapies 

show promise, concerns regarding accessibility, 

affordability, and long-term safety persist. Another major 

focus of current research is the prevention of diabetes, 

particularly through the early identification of prediabetes 

and targeted interventions aimed at stopping disease 

progression before it fully develops [24]. Addressing these 

limitations will be crucial for making diabetes treatment 

more effective, accessible, and sustainable. 

 

Future Directions 

The ultimate goal for diabetes treatment is a 

biological cure, such as stem cell therapy that regenerates 

insulin-producing beta cells. Research in this area shows 

great promise, with the potential for personalized cell 

lines or even universal donor cells. However, achieving 

this goal will require extensive research and development 

before it becomes widely accessible to the public. In the 

meantime, individuals should focus on maintaining 

healthy lifestyles, including a balanced diet and daily 

physical activity, to reduce the likelihood of developing 

diabetes [25]. 

To further advance preventative medicine, the 

integration of artificial intelligence in healthcare could 

play a significant role in the future of diabetes treatment 

and management. Machine learning algorithms may be 

used to analyze continuous glucose data, predict blood 

sugar trends, and suggest adjustments to insulin delivery or 

meal plans, further automating management and reducing 

the daily burden on patients [26]. Additionally, AI can help 

identify genetic and lifestyle risk factors tailored to 

individuals across various demographics [26]. This would 

allow for more personalized treatment plans, enhancing the 

quality of care delivered to each patient. Medications could 

also be tailored to an individual’s specific needs, 

maximizing their effectiveness while minimizing side 

effects [26]. The future of diabetes research holds immense 
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promise, offering the potential for a world where diabetes 

complication risks are minimized, and quality of life is 

significantly improved. 

 

List of Abbreviations  

AI: artificial intelligence 

APS: artificial pancreas systems 

ATP: adenosine triphosphate 

CGM: continuous glucose monitoring 

DKA: diabetic ketoacidosis 

GDM: gestational diabetes mellitus 

SMBG: self-monitoring of blood glucose 

T1DM: type 1 diabetes mellitus 

T2DM: type 2 diabetes mellitus 
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