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ABSTRACT:  

Background and aims: 

Type 1 diabetes mellitus (T1DM) is a heterogeneous autoimmune disorder characterized by 

immune-mediated β-cell destruction and lifelong insulin dependence, with a rising global incidence. 

This review summarizes current evidence on its epidemiology, immunopathogenesis, disease 

staging, and emerging therapeutic strategies 

Methods: 

A narrative review of the literature was undertaken using articles from peer-reviewed journals in 

prominent scientific databases. The evidence with respect to trends in epidemiology, genetic and 

environmental risk factors, immunopathogenesis, autoantibody profiles, presymptomatic disease 

staging, clinical manifestations, and progress in therapeutic approaches was carefully evaluated. 

Special attention was given to disease heterogeneity, advances in translation and the current practice 

in India in the setting of socioeconomic and healthcare infrastructure challenges. 

Conclusions: 

T1DM is a complex, heterogeneous autoimmune disease characterized by a prolonged 

presymptomatic phase and evolving understanding of genetic and immunological mechanisms. 

Emerging advances in precision medicine, immunotherapy, and regenerative strategies offer 

promising avenues for disease modification, although equitable access and healthcare challenges 

remain, particularly in developing countries. 

 

1. Introduction 
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The Pancreas plays a central role in maintaining glucose 

homeostasis through the regulated secretion of insulin, a 

peptide hormone synthesized by beta cells with the islets 

of Langerhans (Fig.1).  Insulin facilitates the uptake of 

glucose derived from dietary carbohydrates into insulin 

sensitive tissues including skeletal muscle and adipose 

tissue while simultaneously suppressing hepatic glucose 

production. Disruption of this finely balanced system 

results in persistent hyperglycemia, the defining 

biochemical feature of diabetes mellitus. In diabetes, 

either insulin production is insufficient or the biological 

response to insulin is impaired leading to widespread 

metabolic dysregulation affecting carbohydrate, lipid and 

protein metabolism [1] . 

 

Figure 1. Normal Glucose Homeostasis and Insulin 

Function 

Figure 1:  Physiological regulation of blood glucose 

showing insulin secretion from pancreatic β-cells and 

insulin-mediated glucose uptake in peripheral tissues, 

maintaining normal glycemic balance 

Diabetes mellitus constraints a major global public health 

challenge due to its rising prevalence and its association 

with long-term complications such as diabetic kidney 

disease, cardiomyopathy, neuropathy, retinopathy, 

impaired wound healing and diabetic foot ulcers that is 

all of which substantially contribute to morbidity and its 

premature mortality [2] . 

Among the broad spectrum of diabetes mellitus, type 1 

diabetes melinites (T1DM) is clearly defined 

autoimmune disease that involves destruction of insulin 

secreting beta cells mediated by immune responses (Fig. 

2). This results in a total or near complete deficiency of 

insulin and the requirement for life long replacement 

therapy with injected insulin to survive. While T1DM 

represents a smaller percentage of the total prevalence 

and incidence of diabetes relative to type 2 diabetes; its 

clinical impact is considerable because of its young age 

at diagnosis, lifetime management needs and high risk 

for acute and chronic complications. Global estimated 

project that is up to 693 million people will be living 

with diabetes worldwide by 2045 as a result of rapid 

demographic shifts, changing environmental conditions, 

and shifting disease determinants. In this growing 

tendency of T1DM still grows in incidence thus refuting 

the previous belief that it is constant and genetically 

driven [3]. 

Figure 2. Pathogenesis of Type 1 Diabetes Mellitus 

 

Figure 2: Autoimmune destruction of pancreatic β-cells 

driven by genetic susceptibility and environmental 

triggers, resulting in absolute insulin deficiency and 

chronic hyperglycemia. 

The epidemiological data collected by the international 

Diabetes Federation, it has been established that 

hundreds of million adults across the globe are have been 

affected and continue to be influenced by diabetes. 

Moreover, third party projections have confirmed that 

this trend is scheduled to increase drastically in coming 

years. Type 1 diabetes, although relatively less common 

than type 2, has been recognized for its steady increase in 

prevalence over time, regardless of the region [4] . 

In 2021, it was identified that a total of 8.4 million 

people across the globe live with T1DM. Approximately 

18% of all those influenced by T1DM were found to be 

younger than 20 years of age. Furthermore, it has been 

established that close to half million new cases of T1DM 
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are identified each year, with these projections estimated 

to increase by between 60 to over 100% by the year 

2040. This trends highlight the urgent need to understand 

the factors driving disease emergence and progression, 

particularly in populations historically considered at low 

risk [5] . 

As India is emerging region that holds significant 

importance in the world-wide epidemiology of T1DM. 

At present, there are around 97,700 children who are 

diagnosed with the disease, with a higher prevalence 

evident than previously known, particularly in south and 

Southeast Asia. Population-based studies from South 

India have provided critical insights into the disease 

distribution, diagnostic patterns, and the clinical 

presentation, revealing that immune-mediated beta-cell 

destruction often progresses rapidly in the children, 

leading to earlier insulin dependence and higher risk of 

ketoacidosis at diagnosis. In contrast as per adults may 

experience a slower disease course with greater residual 

beta cell functions at onset, underscoring the age related 

heterogeneity in disease pathogenesis [6] . 

One of the hallmark features of T1DM is that, unlike 

other forms of Diabetes Melinites, it has an extended 

prodromal phase, in which disease joins with its 

autoimmune aspects and established through 

hyperglycemia and as it is not yet obvious and the 

symptoms are still lacking. The phase is marked by the 

production of circulating islet cell antibodies, which are 

targeted specifically at beta cell antigens, insulin, 

glutamic acid decarboxylase, islet antigen 2 and zinc 

transport protein 8. This provides strong evidence that 

the disease process in T1DM begins, although its 

expression in terms of hyperglycemia is still in abeyance. 

This recognition of disease stages has dramatically 

altered the traditional concept of T1DM as an isolated 

endocrine failure, changing its status to a chronic 

disease, providing a distinctive model for disease 

prevention [7] .  

Specifically, the recent studies have underscored the 

importances of systemic networks, including the 

lipidome, serum metabolome and gut microbiota, beyond 

classical genetic and environment paradigms in 

determine the immune response and beta-cell 

vulnerability. These emerging findings are consistent 

with a systems biology perspective on T1DM 

pathogenesis, where genetic predisposition dynamically 

interacts with environmental exposures and endogenous 

metabolic states. As such, T1DM has become a model 

disease other immune mediated conditions including 

celiac disease, autoimmune thyroid disease and Addisons 

disease. Accordingly, this conceptual evolution sets the 

stage for a deeper examination of the epidemiological 

patters, risk determinants and mechanistic pathways that 

underlie the development of type 1 diabetes [8].  

Epidemiology of Type 1 Diabetes Mellitus 

Type 1 Diabetes Mellitus (T1DM): T1DM has a 

significant geographic, temporal and demographic 

variation. On the one hand, the prevalence of T1DM is 

estimated based on the International Diabetes Federation 

Report as follows: “Approximately 8.4 million people 

are known to live with T1DM worldwide. Almost 1.5 

million of them are children and adolescents. Every year, 

approximately 400,000 to 500,000 cases are diagnosed 

with T1DM worldwide, with projections indicating a 60–

100% increase in disease burden by 2040. An increase in 

Prevalence in the context of total cases of diabetes, the 

long treatment required for T1DM patients along with 

early age of onset constitutes significant burden” [9] . 

Incidence rates vary widely across populations, with the 

highest rates reported in Finland, Sardinia, Sweden and 

other Northern European regions, exceeding 50 per 

100,000 children per year. Elevated incidence has also 

been documented in the middle east, North America and 

Australia. In contrast, East and Southeast Asia 

historically reported lower incidence; however, these 

regions are currently experiencing the fastest relative 

increase, highlighting the growing influence of 

environmental and societal determinants. Globally, the 

average annual rise in T1DM incidence is estimated at 3-

4%, a trend that cannot be explained by genetic factors 

alone [10] . 
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India is a region of growing epidemiological importance, 

with recent studies indicating close to 100,000 children 

living with T1DM. Populations based studies suggest 

that an increasing incidence, delayed diagnosis in certain 

contexts and notably high prevalence of diabetic 

ketoacidosis at presentation among children. While 

improvements in survival and diagnostic awareness have 

largely contributed to increasingly prevalence across age 

groups including adults with slowly progressive 

autoimmune disease prevalence continues to increases. 

These combined epidemiological trends emphasize the 

changing phase of T1DM and the need for specific 

surveillance, early diagnosis and long-term care 

strategies [11] .  

Risk factor 

The increasing worldwide occurrence of type 1 diabetes 

mellitus demonstrates that non-genetic factors function 

as the primary disease development in populations which 

have always shown low genetic risk. T1DM shows age 

related onset patterns and most common incidence 

occurs during the early years of life through the teenage 

years which correspond with vital stage of immune 

system maturation. Epidemiological patterns observed 

since the mid-twentieth century show a persistent rise in 

disease incidence which genetic background changes 

cannot fully account because genetics populations 

develop across extensive time periods. The temporal 

discrepancy between environmental factors and life style 

changes and disease onset in people with genetic 

susceptibility establishes these two elements as primary 

factors driving the development of the condition [12] . 

The risk factors that increase an individual’s chance for 

developing T1DM include elements of predisposition 

and external triggers that initiate or perpetuate the 

immune reaction against pancreatic beta cells (Fig. 3). 

Studies that show familiar aggregation clearly prove that 

the risk for developing T1DM for first-degree relatives is 

significantly higher than of the general population. 

However, it has also been observed that most T1DM 

patients who present for care do not have familial or 

genetic predisposition for diabetes, which emphasizes the 

need to look into external and developmental factors that 

can impact T1DM, as emphasized by different sources. 

Understanding these risk determinants is essential not 

only for elucidating of the disease mechanisms but also 

for enabling early prediction, targeted surveillance, and 

prevention strategies [13]. 

Figure 3. Genetic and Environmental Risk Factors 

for T1DM 

 

Figure 3: Major genetic predispositions and 

environmental exposures, including HLA variants, 

infections, dietary factors, and toxins, contributing to 

immune dysregulation in T1DM development 

Pre-symptomatic Disease and Staging 

Type 1 Diabetes is considered a progressive autoimmune 

disease with a lengthy presymptomatic period preceding 

the clinical onset of hyperglycemia by months and years. 

During this latent period, immune-mediated beta-cell 

destruction has already occurred while glucose 

homeostasis is still maintained and no overt symptoms. 

This new paradigm to a chronic immunological disease 

that has defined stages, offering a window for early 

detection and intervention [14] . 

The modern staging for diabetes mellitus describes 

disease pathogenesis as being comprised of three distinct 

phases (Fig. 4). The first phase is marked by the co-

existence of two or more islet cell antibodies in 

circulation along with normoglycemia, which reflects 

active autoimmune conditions in the absence of any 

clinical symptoms. Progression to the next phase is 

indicated by the presence of clinical symptoms being 

absent and the co-existence of dysglycemia in the form 

of abnormal fasting glucose levels, abnormal oral 

glucose tolerance tests and abnormal levels of glycated 
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haemoglobin. The next phase that characterizes DM is 

the presence of substantial endogenous that is inadequate 

to perform its homeostatic function [15] . 

Figure 4. Stages of Type 1 Diabetes Progression 

 

Figure 4: Sequential stages of T1DM from genetic risk 

and asymptomatic autoimmunity to dysglycemia and 

clinically overt diabetes. 

Longitudinal cohort studies have established that all 

individuals who present with multiple islet cell 

antibodies will ultimately manifest clinical disease, 

through the rate of disease progression is varied. Older 

age at time of time of antibody seroconversion, 

combinations of increased antibody titers and lower rates 

of residual insulin secretion are associated with rapid 

disease progression. Current efforts in predictive 

modelling for T1DM risk estimation have expanded 

beyond traditional classification by incorporating 

metabolic markers such as fasting glucose and HBA1c, 

as well as C-peptide and age. Thus, reaching beyond the 

classification epoch to a precision medicine approach for 

pre-symptomatic T1DM to allow for tailored screening 

options for disease-modifying therapies [16] . 

The identification of the preclinical phase has thus 

established T1DM as an exemplary model of 

autoimmune disease that exhibit early immune system 

abnormalities. The observation made from this 

preclinical phase model have helped guide research into 

other autoimmune disease that show detectable 

immunologic abnormalities are also seen in celiac 

disease and autoimmune thyroid disease. This of course, 

naturally brings the tissue of genetic influence into the 

equation [17]. 

Genetic Susceptibility 

Genetic predisposition forms an integral part of the 

foundation risk for Type 1 Diabetes and the highest risks 

are associated with regions of chromosomes 6 known as 

the human leukocyte antigen. These include HLA class II 

region haplotypes: HLA-DRE-DQ2 and HLA-DR4-

DQ8. People harboring both of these haplotypic 

combinations of HLA have the highest risk of Type 1 

diabetes due to additive effects on the highest risk of 

type 1 diabetes due to additive effects on the 

immunologic systems. On the contrary, certain HLA 

components have protective effects on Type 1 diabetes 

risk and this dichotomy underlines the positive and 

negative immunologic effects of this region of 

chromosomes 6 [18]. 

Beyond the HLA locus, many non-HLA genes are 

known to have modest but important effects. Non-HLA 

genes, such as INS, PTPN22, CTLA4, IL2RA, IIFI, etc., 

are known to affect immune system central and 

peripheral tolerance, cytokines and antiviral activities. 

Thus, the balance between immune activation and 

regulation is determined, thereby affecting beta-cell 

autoimmunity. While these findings are interesting, 

genetic factors cannot explain the increased incidence of 

T1DM, as evidence by an increased incidence of the 

disease in individuals with low genetic risk profiles [19]. 

Importantly, genetic influences seem to have stage-

specific effects throughout disease development. While 

some alleles are more directly involved in the initiation 

of autoimmunity, others influence the rate of beta-cell 

destruction and the progression toward overt diabetes. 

This nuanced role of genetics again emphasizes the 

notion that inherited risk confers permissiveness to the 

immune system but that environmental exposures 

represent critical inducers required for disease 

manifestation [20]. 

Environmental Risk Factors 

The contribution of environmental influences to T1DM 

risk is further reinforced by observations that disease 

incidence correlates more closely to its environmental 
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context than its ethnic origins. Thus, extensive research 

efforts have centered on the potential environmental 

triggers of T1DM that may initiate or exacerbate 

autoimmune destruction of the beta cells, even though 

none has been reliably implicated as casual in individual 

case, a converging body of evidence supports that T1DM 

is the result of a combination of influences [21].  

Infectious Agents  

There has also been evidence of viral infections causing 

type 1 diabetes and among all enterovirus, among those, 

Coxsackie B viruses, are at the forefront. Various types 

of molecular mechanisms have been put forward to 

explain the association that exists. They include 

molecular mimicry, bystander immunity and direct 

infection. The presence of enteroviral RNA has also been 

found in pancreatic tissues and blood of patients 

suffering from T1DM, thus providing evidence for a 

biological link but causality is risky [22]. 

It seems the timing, nature and immunological 

environment surrounding viral infections may be a key 

variable in the risk for subsequent diseases. Early-life 

infections may shape the immune systems maturation 

process and tolerance mechanism; repeated and 

persistent infections may stimulate increased 

inflammatory reactivities contributing to autoimmunity. 

In addition, to the population epidemiology studies such 

as decreased risk of T1DM from widespread prevalence 

of a rotavirus vaccine further substantiate the proposal 

that virus can contribute to the initiation of disease. This 

further supports the need to incorporate virus exposure 

into broader models of environmental risk [23]. 

Nutritional and Environmental Exposures 

Environmental exposures are also very important for 

modulating the risk for type 1 diabetes, especially for 

those with a genetic predisposition to the development of 

the condition. For instance, infant nutrition has also been 

extensively investigated for its role in modulating risk 

for type 1 diabetes because of its effect on the 

developing immune system as well as metabolic 

development. Exposures to breastfeeding for extended 

period of time, infant exposure to cow’s milk and its 

protein, exposure to gluten and vitamin D levels have 

been investigated with mixed outcomes. Despite a 

modest protective effect from prolonged breastfeeding 

and vitamin D levels, no dietary exposure has been 

clearly linked to the pathogenesis of type 1 diabetes [24]. 

Dietary patterns later in childhood and adolescence may 

influence disease progression by promoting systemic 

inflammation, altering insulin sensitivity, and shaping 

gut microbiota composition. Diets high in saturated fats 

and refined carbohydrates have been associated with pro-

inflammatory metabolic states that could accelerate beta-

cell dysfunction in individuals with ongoing 

autoimmunity, although confounding lifestyle factors 

complicate interpretation [25]. 

Exposure to environmental pollutants like pesticides, 

nitrates, persistent organic chemicals and endocrine-

disrupting chemicals has also been linked to autoimmune 

disease risk. For instance, exposure to these chemical 

agents may lead to oxidative stress, dysregulation of the 

immune system and disruption of hormones thus 

rendering beta cells more susceptible to destruction. 

Although there is sufficient evidence from study models, 

evidence from human populations is inconsistent because 

it is difficult to measure exposure to these environmental 

agents and also because of long disease latencies. 

Together, findings from current research indicate the 

nutritional factors and chemicals play key roles to play in 

T1DM risk, but they should be viewed from an 

environmental perspective [26]. 

Psychosocial and Socioeconomic Factors 

The psychosocial effects of stress and the socioeconomic 

environment are also known to affect the overall state of 

the human immune system. Stress is believed to 

accelerate the progression of autoimmune diseases by 

altering the levels of cortisol in the body and the overall 

inflammatory responses, though the relationship between 

stress-induced immune compromise and the development 

of T1DM is not entirely clear. The connection between 

socioeconomic status and the overall outcomes in 

T1DM, however, is starker, as delayed diagnosis, 

ketoacidosis, and poor glycemic control have been 

observed in these patients [27] . 

Limited access to healthcare, reduced health literacy, and 

financial barriers to optimal therapy contribute to these 

disparities, particularly in low- and middle-income 

settings. These factors do not initiate autoimmunity per 

se but significantly modulate disease expression, 
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progression, and complications, reinforcing the 

importance of social determinants in shaping the overall 

burden of T1DM [28]. 

Prenatal and Perinatal Influences 

Events during pregnancy and early life have long-lasting 

implications on the development of the immune system 

and regulation of metabolism. Therefore, these periods 

can be considered critical periods in disease 

development, also known as disease susceptibility. 

Factors like maternal age, pre-pregnancy obesity, 

gestational diabetes, smoking, mode of delivery, birth 

weight, and gestational age have shown links to slight 

modifications in T1DM susceptibility. These conditions 

may affect fetal development, immune system, and 

microorganisms, which may later be linked to altered 

autoimmune susceptibility [29]. 

Although individual effect sizes are generally small, the 

cumulative impact of multiple prenatal and perinatal 

exposures may be substantial at the population level. 

These observations highlight the importance of maternal 

health and early-life interventions as components of 

comprehensive prevention strategies [30]. 

Omics Approaches and the Exposome 

High-throughput “omics” research has completely 

altered the field's perspective in understanding type 1 

diabetes with the help of the integrative analysis of 

genetic, epigenetic, transcriptomic, metabolomic, 

lipidomic, and microbiome-related changes preceding 

the onset of T1DM. Longitudinal cohorts have now 

identified changes in lipid metabolism, amino acid 

signatures, and patterns of gut microbiome months to 

years in advance of autoantibody-driven clinical onset in 

islet autoantibodies; these changes may be useful in 

developing early-onset biomarkers of T1DM 

immunopathology [31]. This perspective has converged 

with the ‘exposome’ concept—defining disease risk in 

T1DM and other conditions with the help of the 

combined effects of a person's genetic predisposition and 

their exposure to environmental factors at various stages 

in their life. Though challenges in T1DM exposome exist 

due to its complex nature, it possesses immense value in 

developing novel understanding in T1DM with the help 

of systems-based approaches to developing novel 

approaches in T1DM pathology [32]. 

Clinical Features 

Clinical presentation of Type 1 diabetes mellitus occurs 

when the autoimmune destruction of the pancreatic beta 

cells surpasses a critical threshold at which time the body 

is no longer capable of maintaining its own insulin 

homeostasis. The clinical presentation correlates with the 

surviving beta-cell function, rate of autoimmune 

destruction, and age at the time of presentation. As 

diabetes has classically been perceived as affecting 

children only, it is now clear that a large percentage of 

Type 1 diabetics are being diagnosed in later ages as an 

increasingly insidious process [33]. 

Classical symptoms associated with the diagnosis also 

include polyuria, polydipsia, polyphagia, weight loss, 

fatigue, and blurred vision due to hyperglycemia and 

osmotic diuresis (Fig. 5). Children also may have acute 

presentation with a considerable number manifesting 

diabetic ketoacidosis at presentation, mostly due to slow 

recognition of the disease. Unlike adults, patients may 

manifest with subtle or asymptomatic hyperglycemia due 

to slow beta-cell cell death and preservation of insulin 

secretion during the early course of the disease [34]. 

Figure 5. Immune-Mediated β-Cell Destruction 

 

Figure 5: Role of CD4⁺ and CD8⁺ T cells, cytokines, and 

inflammatory pathways in progressive pancreatic β-cell 

apoptosis during T1DM 

Diabetic ketoacidosis is considered to be one of the most 

severe and life-threatening acute complications of 

T1DM; it is caused by insulin severity, hyperglycemia, 

ketosis, and metabolic acidosis. Koehler et al.\ attributed 

ketoacidosis to be the initial cause in younger patients; it 

includes increased morbidity and mortality, especially in 

resource-constrained societies. Repeated ketoacidotic 
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episodes have often been related to glycemic patterns, 

psychosocial aspects, and complications related to 

insulin availability. There exists a significant relationship 

between disease processes and health systems [35]. 

After the diagnosis and initiation of insulin therapy, 

human subjects demonstrate a temporary “honeymoon 

phase.” During this period, the requirements of 

exogenous insulin are low. This is because there is a 

partial healing of beta cell functions, and glucotoxicity is 

also low. This period is temporary and varies 

considerably as a result of age of onset, intensity of 

insulin, and degree of immunologic activity. This 

temporary period is a critical requirement for preserving 

the residual mass of the beta cells and has been 

associated with improved metabolic stability and a 

reduction in the chances of complications [36].  

Ultimately, the effects of chronic hyperglycemia and 

glycaemia variability culminate in microvascular 

complications, including retinopathy, neuropathy, as well 

as muscular complications (Fig. 6). The complications 

have been significantly reduced with the advancement of 

insulin therapy and blood glucose monitoring, especially 

in high-income populations; inequalities exist globally. 

Clinical expression of T1DM is therefore best 

understood as a dynamic continuum influenced by 

immunological activity, metabolic control, age, and 

socioeconomic context. Common clinical manifestations 

and diagnostic indicators of T1DM, including polyuria, 

polydipsia, weight loss, hyperglycemia, and islet 

autoantibodies [37] . 

Figure 6. Clinical Features and Diagnosis of T1DM 

 

Figure 6: Common clinical manifestations and 

diagnostic indicators of T1DM, including polyuria, 

polydipsia, weight loss, hyperglycemia, and islet 

autoantibodies 

Pathophysiology, Classification and Heterogeneity of 

Type 1 Diabetes 

While the basic pathophysiological process of type 1 

diabetes lies in the abnormal destruction of insulin-

producing pancreas cells called as beta cells, it is the 

result of the complex interaction of the innate and 

acquired immune response, which is both genetic and 

environmental in origin. CD4⁺ and CD8⁺ T cells of the 

immune system have the principal role in the destruction 

of the insulin-producing beta cells, while B cells of the 

immune system contribute to tissue damage through the 

production of antibodies, which activate the process of 

antigen presentation by macrophages and dendritic cells 

(Fig 7). At a molecular level, increased stress in the beta 

cells brought about by a viral infection, inflammatory 

cytokines, or metabolic disturbances might stimulate 

antigen presentation and induce an immune response 

[38]. Specifically, pro-inflammatory cytokines like IL-

1β, interferon γ, and tumor necrosis factor-alpha trigger 

endoplasmic reticulum stress, oxidative stress, and 

apoptosis in beta cells, creating a vicious cycle by 

continuously exposing more autoantigen determinants to 

the hyperactive autoimmune response [39]. 

Figure 7. Acute and Chronic Complications of Type 1  

Diabetes 

Figure 7: Overview of acute complications such as 

diabetic ketoacidosis and long-term microvascular and 
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macrovascular complications associated with sustained 

hyperglycemia. 

For a long time, type 1 diabetes was treated like one 

uniform illness. Yet recent findings show clear 

differences across its immune, metabolic, and body-

related aspects. Differences appear in when it starts, how 

fast pancreas cells are lost, which autoantibodies show 

up, and how patients react to treatment. In kids, the 

condition usually moves fast with broad immune 

activation, many autoantibodies, then quick loss of 

insulin production. In grown-ups, it may unfold more 

slowly, often leaving some natural insulin function 

present at first check-in [40]. 

These observations have led to an increased focus on the 

refinement of disease classification, which goes beyond 

the classification of Type 1 and Type 2 diabetes. Latent 

autoimmune diabetes in adults refers to an intermediate 

phenotype associated with autoimmune markers and 

insulin dependence. The condition often presents as Type 

2 diabetes. Furthermore, there are conditions in humans 

which express both characteristics of insulin resistance 

and autoimmunity. Hence, the presence of overlapping 

syndromes highlights the fact that immunological and 

metabolic markers are required to classify the condition 

for appropriate management and treatment options [41]. 

Emerging data also indicate that different endotypes of 

type 1 diabetes may exist, differing from one another on 

the basis of immune pathways, genetic backgrounds, and 

beta-cell susceptibility. The response of these endotypes 

to immunomodulatory therapies may vary, and the rate 

of disease progression may also differ among them. 

Research into these areas is currently the focus of 

interest, as the possibility of using precision medicine 

practices to the benefit of individuals exists [42]. 

Such changes in the concept of T1DM being a 

heterogeneous autoimmune endocrine organ-specific 

disease are very important for the development of 

therapies for type 1 diabetes. As discussed, type 1 

diabetes was considered a singular disease, but the 

multifaceted aspects of the disease are now brought 

together under a new concept where type 1 diabetes 

encompasses a range of related disorders that are 

distinguished by their pathobiology but are linked by the 

presence of insulin deficiency. This gives rise to the hope 

for new therapeutic options that are not merely focused 

on insulin replacement [43]. 

Treatment 

The management strategy of type 1 diabetes mellitus 

essentially includes insulin replacement therapy that 

demands education, dietary planning, blood glucose 

monitoring, and even psychosocial intervention. The 

prime intention of any management strategy is to mimic 

physiological glucose levels by minimizing the risk of 

hypoglycemia and reducing the risk of all microvascular 

and macrovascular complications. Better physiological 

outcomes have been made possible through progress 

made in insulin therapy and glucose monitoring; 

however, the management of type 1 diabetes is complex 

and individualized (Fig. 8). Indications for Insulin 

Therapy: Insulin therapy needs to replicate the biological 

basal and prandial insulin secretions by intermittent 

administration of exogenous insulin or continuous 

subcutaneous insulin infusion [44]. Basal-bolus regimens 

using long-acting insulin analogues with meals 

containing rapid-acting insulin are the most commonly 

practiced method within clinical practice. Continuous 

glucose sensors are revolutionizing the treatment of 

diabetes by giving immediate feedback, allowing timely 

diagnosis of hypoglycemic attacks, and adjusting insulin 

doses. Hybrid closed-loop systems using continuous 

subcutaneous infusion pumps plus glucose algorithms 

are a landmark advance in diabetes treatment technology, 

although access is still restricted in various countries 

[45]. 

Figure 8. Therapeutic Strategies for Type 1 Diabetes 

Mellitus 

 

Figure 8: Current and emerging therapeutic approaches 

for T1DM, including insulin therapy, 
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immunomodulation, β-cell replacement, and precision 

medicine strategies 

Adjunctive therapies that address metabolic stability 

through different pathways besides glycemia have been 

used to minimize the degree of insulin dependency. 

These include pramlintide, an amylin analogue that 

reduces the severity of post-meal glucose increases 

through the slowing of gastric emptying and the 

reduction of glucagon release; however, its 

administration is limited by gastrointestinal side effects. 

Immunomodulatory regimens that seek to retain the 

function of the residual beta-cell mass have been shown 

to help stabilize the progression of the disease process if 

administered in the initial stages of the disease, 

emphasizing the fact that type 1 diabetes is indeed 

amenable to intervention [46]. 

Finally, effective management goes beyond 

pharmacotherapy to include extensive diabetes 

education, balanced dietary management, and physical 

activity. It should be noted that psychosocial 

management is particularly critical since it addresses the 

overwhelming demands imposed by insulin therapy and 

glucose monitoring. The use of a multidisciplinary 

approach has consistently been shown to generate better 

outcomes compared to a fragmented approach [47]. 

Standard of Care in India 

The standard of care for type 1 diabetes care in India 

reflects a combination of international guidelines and 

local realities in terms of resource constraints and 

diversity in terms of socioeconomic status and regional 

variability. Therefore, insulin therapy is the mainstay of 

care; namely, multiple daily injections with human 

insulin or insulin analogues is the most commonly used 

insulin therapy regimen. Despite the pharmacokinetic 

advantages of insulin analogues and their impact on 

hypoglycaemia risk, cost constraint constitutes an 

impediment to the routine use of insulin analogues in 

public health practice [48]. 

Blood glucose measurement mainly happens through 

self-monitoring devices like glucometers. This is because 

continuous glucose monitoring systems are not always 

available to everyone due to financial constraints and 

infrastructure. However, their availability can be 

witnessed in urban centers and hospitals, especially of 

tertiary nature, as awareness about these devices rises 

with an improvement in insurance schemes [49]. Even 

diabetes education programs have a very significant 

place to fill by reducing problems like diabetic 

ketoacidosis among patients. 

Lately, national efforts to manage non-communicable 

illnesses have begun recognizing how kids and teens 

with type 1 diabetes face unique struggles. While better 

testing, steady insulin access, and weaving diabetes 

services into basic care have made real differences, 

hurdles remain. In remote regions, recognition often lags, 

leading to late diagnoses - one of many ongoing issues. 

Families find it hard when there are no skilled workers 

nearby to handle care needs. Cost matters too; paying out 

of pocket weighs heavily on those dealing with the 

condition across several generations [50]. 

Despite these challenges, India has emerged as a leader 

in innovative care models for type 1 diabetes, including 

community-based follow-up, mobile health 

interventions, and telemedicine platforms. These 

approaches have the potential to bridge gaps in access 

and improve long-term outcomes, particularly when 

combined with policy-level support for affordable insulin 

and diagnostic technologies [51]. 

Gene Therapy for Type 1 Diabetes 

Gene therapy stands as a bold path toward ending type 1 

diabetes, aiming directly at the root causes instead of 

blood sugar management. Researchers now explore 

putting genes for insulin - or those that control its 

regulation - into cells other than beta cells, while also 

trying to calm immune reactions, boost lifespan of 

existing beta cells, and spark new beta cell growth. 

Progress in vectors, whether viral or non-viral, allows 

more precise delivery and fewer side effects, making 

real-world application more reachable [52]. 

A fresh path opens by turning liver or gut cells into 

insulin makers, triggered by blood sugar levels, this skips 

the immune system's attack on pancreas beta cells. 

Instead of drugs, some researchers tweak genes to calm 

aggressive immune responses or guide helpful immune 

actions. Tools like CRISPR-Cas can now fix faulty DNA 

pieces tied to immune system imbalances, yet moral 

questions and health risks still weigh heavily [53]. 
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Even though early tests look promising, moving gene 

therapy from labs to patients isn’t straightforward. One 

issue is keeping genes active for more than short periods. 

Another problem shows up when treatments act on 

wrong cells by mistake. Reactions from the body’s 

defence system can also block progress. Disease causes 

differ between people, adding complexity. In type 1 

diabetes, immune system damage makes things harder. 

New beta cells might survive longer, yet still be targeted 

if immunity isn’t balanced at the same time [54]. 

As research progresses, gene therapy is increasingly 

viewed not as a standalone cure but as a component of 

combination strategies that integrate immune 

modulation, beta-cell replacement or regeneration, and 

metabolic control. Continued advances in delivery 

technologies and a deeper understanding of disease 

endotypes will be essential to realize the therapeutic 

potential of gene-based interventions [55]. 

Prevention 

The discovery that a pre-symptomatic phase is a normal 

part of type 1 diabetes, however, has radically changed 

type 1 diabetes research at a preventive level, from 

theoretical preventive measures to targeted measures that 

correspond to a particular phase. The primary goal is to 

decrease the incidence of islet cell immunity in genetic 

risk groups, while the secondary goal is to prolong, 

prevent, or delay the progression to disease from 

autoimmunity. Tertiary preventive measures emphasize 

preventing further metabolic deterioration [56]. 

Some drugs aimed at the root causes of autoimmunity 

can slow diseases, start in people likely to develop type 1 

diabetes, showing it might be changed or stopped early. 

Trying to protect against certain viruses, adjusting gut 

bacteria, or fine-tuning diet patterns in young lives 

remains a topic of research - but outcomes differ widely. 

Because so many factors contribute to illness, tackling 

more than one piece at once could lead to real protection 

[57]. 

The challenges to a population-level approach to 

prevention centre around costs, ease, as well as ethical 

considerations, especially in low- and middle-income 

countries. The identification of at-risk individuals 

through genetic or immunological screening must be 

achieved for targeted interventions to be effective, but 

well-established infrastructure is required to keep this 

goal afloat. Fortunately, international collaboration has 

continued to improve predictive tools even as 

prospective large cohorts have been assembled [58]. 

Conclusion 

Type 1 diabetes mellitus is a highly complex mediated, 

heterogeneous autoimmune condition, which is 

characterized by the extensive destruction of the 

pancreatic beta cells and life-long dependence on 

exogenous insulin. Sudden breakthroughs in genetics, 

immunology, and omic approaches have dramatically 

altered biological understanding of disease pathogenesis, 

which is marked by an extensive pre-symptomatic phase 

coupled with considerable modification of risk factors. 

This has given rise to the emergence of novel therapeutic 

and preventive strategies for T1 diabetes beyond simply 

controlling hyperglycaemia. 

Regardless, there is still room for improvement, 

especially in providing the best level of care within 

variable socioeconomic statuses. For instance, in 

developing countries especially in India, there is a need 

to enhance the health system, ensure early diagnosis, and 

the affordability of insulin and monitoring devices will 

be a priority. Moving forward, the integration of 

precision medicine, immunotherapy, and gene therapy 

has the potential to redefine the course of T1D, hence 

reducing the burden of the disease. 
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