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Abstract. Diabetes is a major global public health issue with rising prevalence, burdening individuals, 
families, and healthcare systems. This article analyzes prevalence, burden, and influencing factors across 
populations like youth, adults, elderly, and urban/rural residents with varying incomes. It focuses on 
economic disparities, diagnostic/treatment differences, and medical resource gaps that widen health 
inequalities. Results show socio-economic status, urban-rural divides, age, and occupation link to diabetes 
incidence, diagnosis, and treatment outcomes. High-risk groups include low-income individuals, rural 
residents, and stressed working adults, who face limited prevention and treatment access, leading to under-
diagnosis, severe complications, and poor outcomes. The paper explores AI's potential and challenges in 
diabetes diagnosis, treatment, and management, highlighting benefits in risk prediction and monitoring, 
but limitations in resource-poor settings. Recommendations are made to enhance prevention, optimize care 
plans, allocate resources fairly, improve healthcare access and equity, and reduce health disparities. This 
supports developing comprehensive, feasible strategies for a sustainable global diabetes control system. 
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1 Introduction 
Diabetes is probably one of the most serious public 
health challenges in the 21st century. More and more 
people are diagnosed with diabetes, but the disease 
burden is not evenly distributed. Low- and middle-
income countries are facing particularly significant 
pressure, as their healthcare systems are already fragile 
and the shift in disease patterns has exacerbated the 
problems they face. In addition, the risk of diabetes 
varies greatly among different populations. Factors 
such as age, gender, and income level can directly 
affect a person's likelihood of developing this disease 
and their recovery status, leading to real inequalities in 
health and economic impact. 

 In the past, when people talked about diabetes, 
their main concern was blood sugar. But now, further 
research on type 2 diabetes can tell us that this is a 
more complicated story. It actually involves many 
more complex issues, such as a close connection 
between metabolic stress and immune system 
dysfunction. This new perspective on “immune 
metabolism” has expanded the ways and methods for 
people to cope with this disease. We are no longer just 
considering lowering blood sugar as one method, but 
also researching new methods such as lifestyle 
interventions, early screening for people, and even 
emerging methods such as cell therapy. 

Despite continuous progress in basic research, 
clinical treatment methods, and epidemiological 
investigations, there is still a significant gap between 
the research results and practical applications. Many 

effective prevention and treatment methods have been 
validated in laboratories or clinical trials, but it is 
difficult to promote them globally. Especially in low - 
and middle-income areas with limited medical 
resources. At the same time, the practice of public 
health policies, primary medical services and clinical 
treatment is not close enough, affecting the overall 
effect of global diabetes prevention and control. 

This article combed the global disease burden of 
diabetes, related risk factors, the interaction mechanism 
between metabolism and immunity, and proposed 
prevention and treatment strategies. It focuses on how 
to integrate cutting-edge research results into practice, 
reduce the gap between theoretical research and 
practical application, and provide practical reference 
for building an efficient, fair and sustainable global 
diabetes prevention and control system. 

2 Global burden of diabetes: global 
and regional trends 
The global burden of diabetes is one of the more 
serious public health challenges of our time. It has high 
prevalence, insufficient diagnosis and huge differences 
in economic, demographic and geographical 
boundaries that are difficult to cross. This burden is not 
uniform, and it manifests differently in different 
regions and populations, caused by complex 
interactions between socioeconomic factors, healthcare 
factors, and lifestyle factors. Together, these factors 
have made diabetes a threat to the sustained growth of 
global health [1-4]. 
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2.1 Epidemiology patterns 

Globally, the number of adults aged 20-79 with 
diabetes is about 589 million, which highlights the 
seriousness of the problem of diabetes. More seriously, 
there are approximately 252 million people among 
these cases who have not yet received a definitive 
diagnosis. This lack of diagnosis represents a key gap 
in health care, because many patients with diabetes do 
not realize that they seem to be ill until they have 
serious complications, which limits their opportunities 
to detect and intervene in diabetes early. 

It can be noted that there is no simple linear 
relationship between the prevalence of diabetes and 
national income. Contrary to the popular belief that 
wealth can determine the disease gradient, middle-
income countries have the highest prevalence rate, with 
11.46% of people suffering from diabetes. More than 
80% of the world's diabetes patients live in these 
countries. The reported incidence rate in high-income 
countries is slightly lower, at approximately 11.21%. 
The main difference is that high-income countries have 
the lowest growth rate of diabetes cases. However, in 
contrast, low-income countries have the lowest 
prevalence rate of 7.47%, which does not mean that 
their prevalence rate is low, because they face greater 
challenges: these countries have the highest under 
diagnosis rate, and the diabetes related mortality rate in 
low-income countries is usually two to three times that 
in high-income countries, which reflects the limited 
medical resources and serious lack of access to life-
saving treatment in low-income countries. 

2.2 Demographic characteristics 

The burden of diabetes is not limited to adults. Young 
people are also increasingly affected. About 1.8 million 
people under the age of 20 suffer from type 1 diabetes. 
The incidence rate of type 1 diabetes in children and 
adolescents is rising at an alarming rate. In the years 
prior to 2018, the incidence rate in the 5-9 age group 
doubled, and the annual growth rate in the 10-14 age 
group was 3.88%. What makes us more worried is that 
the incidence of type 2 diabetes is getting younger and 
younger. This disease was once considered unique to 
adults, but now it is more and more common among 
young people, which is related to the rising rate of 
childhood obesity and the sedentary lifestyle of people. 

2.2.1 Age 

Working age adults (20-64 years old): The prevalence 
of diabetes is the lowest in the 20-24 age group, 1.9%, 
but it will rise steadily with age. This group is 
particularly important because they account for 40% of 
all diabetes related deaths. The rise in the incidence 
rate of diabetes among working age adults is often 
related to the modern lifestyle: increased work pressure, 
longer working hours and unhealthy living habits, such 
as poor diet, lack of physical activity and irregular 
sleep. These factors together lead to the development 
of the disease. 

Elderly people (over 65 years old): the prevalence 
of diabetes in this age group is the highest, reaching 
23.7% in general, and the highest prevalence rate of 
75-79 years old people is 24.8%. On the one hand, this 
high prevalence rate is due to the impact of aging on 
metabolic health, on the other hand, it may be because 
the elderly have a higher risk of diabetes and a higher 
probability of complications. 

2.2.2 Sex 

The impact of diabetes on men is slightly greater than 
that of women, with the prevalence rate of 11.55% for 
men and 10.68% for women. However, there is a 
significant difference between men and women in the 
time of death rate: the death rate of men with diabetes 
reaches its peak in the 60-69 age groups, while the 
death rate of women will continue to rise, reaching its 
peak in the late 70-79 years. This difference can reflect 
that women may experience a later onset of diabetes, 
which may be due to some self factors. such as women 
will choose a healthier lifestyle, lower stress or take 
some measures to prevent diseases in the early stage. 

2.2.3 Socioeconomic factors 

There are also significant differences in the burden of 
diabetes in different countries. Take China as an 
example, especially between urban and rural 
populations. The burden is heavier in urban areas and 
the incidence rate is higher, while the incidence rate in 
rural areas may be slightly lower than in urban areas. 
This urban-rural gap may be caused by differences in 
diet and exercise. Urban populations are more likely to 
consume foods that are processed with additives, high 
in sugar or fat, as urban lifestyles typically involve less 
daily exercise and are noticeably less healthy than rural 
populations. Social and economic status in rural areas 
is also an important determinant of the results of 
diabetes: people with lower social and economic status, 
that is, people with lower income, may face a higher 
rate of underdiagnosis, and more serious complications 
may be detected at the final diagnosis, which will lead 
to higher mortality. These differences are due to 
limited prevention conditions, early screening and 
affordable treatment opportunities, as well as greater 
exposure to social and environmental factors that 
increase the risk of diabetes. 

2.3 Demographic characteristics 

There are also significant differences in the burden of 
diabetes in different countries. Take China as an 
example, especially between urban and rural 
populations. The burden is heavier in urban areas and 
the incidence rate is higher, while the incidence rate in 
rural areas may be slightly lower than in urban areas. 
This urban-rural gap may be caused by differences in 
diet and exercise. Urban populations are more likely to 
consume foods that are processed with additives, high 
in sugar or fat, as urban lifestyles typically involve less 
daily exercise and are noticeably less healthy than rural 
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populations. Social and economic status in rural areas 
is also an important determinant of the results of 
diabetes: people with lower social and economic status, 
that is, people with lower income, may face a higher 
rate of under diagnosis, and more serious 
complications may be detected at the final diagnosis, 
which will lead to higher mortality. These differences 
are due to limited prevention conditions, early 
screening and affordable treatment opportunities, as 
well as greater exposure to social and environmental 
factors that increase the risk of diabetes. 

2.4 Impact on productivity 

Among the working age population (20-64 years old) 
who died due to premature onset and too serious 
condition of diabetes, the loss of productivity is 
particularly serious. The loss of productivity caused by 
this group may be 15 to 25 times that of the elderly 
population. Gender disparities are evident here as well, 
with males losing an estimated 17% of their working-
life years and females losing 27.8%. The composition 
of the economic burden also varies: high-income 
countries face primarily direct treatment costs, whereas 
low- and middle-income countries bear a heavier load 
from productivity losses and the demands of informal 
caregiving. 

3 The immune-metabolic mechanisms 
and risk factors of diabetes 

3.1 The influence of risk factors 

There are substantial key differences between the 
occurrence of the pathological process of type 1 
diabetes and type 2 diabetes, the structure of risk 
factors and their action paths is very different in the 
two as well. The autoimmune destruction of pancreatic 
beta-cells is the primary feature of type 1 diabetes, and 
the combination of genetic and early environmental 
factors are the main triggers of this disease. One of the 
main risk factors is genetic vulnerability, where there 
have been differences in some related antigen genes 
that cause the disease. Genetic vulnerability 
Environmental factors, including early-life infections 
with enteroviruses could exert their effects on prone 
persons and promote the development of diabetes. 
Autoimmune markers A marker of autoimmune 
damage of the pancreatic 2-cells. Conversely, type 2 
diabetes is mostly caused by insulin resistance and 
pancreatic 0 cell dysfunction, which depend on 
lifestyle, the environment, and genetics. The roles, 
intensities, and distribution attributes of different risks 
factors have a lot of specificity when it comes to 
various populations. Lifestyle habits that include high-
energy diets, inactivity, and obesity are the most 
significant risk factors of type 2 diabetes. Air pollution 
and early viral infections, as well as disorders caused 
by gut microbiota can be used as examples of 
environmental effects that can put a person at risk of 
developing diabetes due to their impact on immunity 
and metabolism. The genetic factors can significantly 

differ as well, according to population differences. 
Such thorough examination of the interaction of 
lifestyle and environment with genes can be a 
significant foundation of determining the risk of 
diabetes, warning signs in time and prevention 
approaches that can be applied to the population [5,6]. 

3.2 Interaction between metabolic stress and 
immune dysregulation 

The intimate relationship between metabolic and 
immune dysregulation follows a two-way vicious cycle, 
and the vicious cycle of these interventions is the main 
pathological determinant of diabetes development and 
progression. In other words, the trigger of immune 
system activation is metabolic stress, whereas the 
maladaptive immune reactions further enhance 
metabolic impairment something that sets a self-
perpetuating loop and becomes the driver of the disease. 
Immune activation brought about by metabolic stress 
takes place in three clearly described routes. It is 
necessary to add that unremitting hyperglycemia is one 
of the symptoms of diabetes and will stimulate 
activation of immune cells directly personality, 
releasing of inflammatory mediators, and additional 
ruining of the metabolic balance. Excessive lipid 
accumulation generates lipid toxicity which may result 
in endoplasmic reticulum dysfunction in pancreatic 
beta cells and macrophages leading to unfolded protein 
responses, the activation of pro-inflammatory signaling 
and the aggregation of immune cells. The resistance of 
insulin is one of the characteristics of type 2 diabetes, 
which will result in the development of long-term low-
grade inflammation, as the adipose tissues and other 
organs of the metabolic system will produce 
proinflammatory cytokines to activate the immune 
system [5,6]. 

Alternatively, in various ways, immune 
dysregulation may worsen metabolic dysfunction. As 
an illustration, inflammatory factors and activated 
immune cells can inhibit the insulin receptor signaling 
as well as diminish the insulin effect in the body, 
worsening insulin resistance. Moreover, these immune 
mechanisms directly contribute to the worsening of 
pancreatic beta cell dysfunction, and the loss of 
pancreatic beta cell functions to produce and release 
insulin as well as augment hyperglycemia and 
metabolism. 

Type 1 and type 2 diabetes have different 
interaction when it comes to metabolic stress and 
immune disorders. Despite the identical mechanism, in 
type 1 diabetes, the autoreactive cells involved are the 
autoimmune cells; specifically, the autoreactive T cells 
and B cells, and they can directly target and destroy the 
pancreatic beta cells, which will impair or even 
debilitate the secretion of insulin in the body, causing 
severe hyperglycemia. In type 2 diabetes, this process 
is less on the inflammation of local islet activity: the 
proinflammatory cells and cytokines attack the islet, 
which damages the work of 500 cells over time and 
decreases the production of insulin even without the 
presence of insulin resistance. The development factor 
pertaining to the progression of pre diabetes to the 
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dominant type 2 diabetes is the gradual exhaustion of 
islet beta cell functions. 

This intricate interplay of the immune metabolic 
regulation system, the metabolic stress, and the 
immune disequilibrium is intensified, which is the 
main therapeutic aspect of diabetes intervention when 
the theory of immune metabolism is taken into 
consideration. Several possibilities arise by interrupting 
such a vicious circle and slowing down or even 
inverting the further progression of diabetes and 
associated conditions, either by focusing on metabolic 
stress to control immune reaction or both. 

4 Immune-metabolic intervention 
measures and public health strategies 

4.1 Framework for primary and secondary 
prevention 

The primary and secondary prevention of diabetes is an 
important way to reduce the burden of disease. 
Together, they form a prevention and control system. 
Primary prevention focuses on the general population 
and high-risk groups, and the key to primary 
prevention is currently to reduce the diagnosis and 
mortality rates. Secondary prevention is aimed at 
patients who have been diagnosed with pre diabetes, 
and the key goal of secondary prevention is to delay 
the progress of disease. Effective screening is the most 
critical step in all prevention and control, and relevant 
people should focus on high-risk groups, such as 
overweight or obese people over 40 years old, or 
people with a family history of diabetes. Combining 
fasting blood glucose and HbA1c testing methods can 
improve early diagnosis rates and reduce the 
occurrence of missed diagnoses. Early lifestyle 
intervention is the most crucial and important step, 
reducing the risk of disease and delaying disease 
progression through methods such as reasonable diet, 
regular exercise, and weight control. At the same time, 
health education for people, improvement of public 
fitness facilities and standardization of food safety can 
effectively promote the prevention and control of 
diabetes for all [7,8]. 

4.2 Emerging immunometabolic therapies 

The emerging treatment methods based on immune 
metabolism mechanism are gradually breaking through 
the limitations of traditional and simple blood glucose 
control, and shifting the focus of diabetes management 
to more precise and targeted regulation, not only the 
control of disease symptoms. Different from the 
traditional methods of simply reducing blood glucose 
levels, these new therapies are important for addressing 
the core pathological characteristics and relationships 
of diabetes, especially the interaction between 
metabolic dysfunction and immune dysfunction, which 
can provide new therapeutic approaches and methods 
for long-term disease control and even reversal in some 
cases. 

Cell therapy mainly includes stem cell 
transplantation and islet cell transplantation, which is a 
new direction in the field of diabetes treatment. Their 
core mechanism is to repair damaged pancreatic beta 
cells and rebuild the body’s intrinsic insulin secretion 
function, addressing the root cause of insulin 
deficiency, rather than just finding drugs or other 
methods to compensate, but solving the problem on its 
own. These cell-based strategies are particularly 
suitable for two key patient groups: type 1 diabetes 
patients, due to autoimmune damage, almost complete 
loss of islet beta cell function; In patients with type 2 
diabetes, pancreatic islet function is severely damaged, 
and traditional therapy can no longer effectively 
maintain adequate insulin secretion. 

In addition to cell therapy, targeted 
immunomodulators have become another key type of 
immunometabolic therapy. These drugs work by 
directly regulating immune system diseases, inhibiting 
chronic inflammation, which can lead to a vicious 
cycle of metabolic stress and immune abnormalities. 
To disrupt this self perpetuating cycle, one can try 
targeting immunomodulators, which not only alleviate 
immune damage but also help restore metabolic 
balance, creating more favorable conditions for 
pancreatic beta cell function and insulin sensitivity. 

Now, such representative drugs have shown 
therapeutic potential: they can effectively delay the 
onset of type 1 diabetes in high-risk groups, slow down 
or even stop the autoimmune damage of β cells, 
improve insulin resistance in type 2 diabetes patients, 
enhance the body's response to insulin, and reduce the 
demand for high-dose hypoglycemic drugs. In general, 
these drugs have opened up a new way for the 
treatment of diabetes, beyond the traditional glucose 
control, and solved the potential immune metabolic 
mechanism of the disease. 

Most of the research on these emerging 
immunometabolic therapies is still in the clinical trial 
stage, and ongoing studies are evaluating their safety, 
efficacy, and long-term outcomes in different patient 
populations. After a period of clinical observation, with 
the continuous accumulation of clinical data and the 
continuous improvement of treatment methods, these 
new treatment methods are gradually moving towards 
extensive clinical application, providing a new method 
for diabetes management in the next few years [9,10]. 

4.3 Public health value 

Accurate prevention of diabetes has great public health 
value. Stratified interventions can be implemented 
based on differences in population risk, and different 
intervention methods can be used for different risk 
groups by using age BMI, Establish a more scientific 
risk stratification system based on indicators such as 
blood glucose levels and family genetic history, so that 
differentiated prevention and control measures can be 
taken for low, medium, and high-risk populations and 
patients according to their actual situation. Different 
risk stratification can also be incorporated into the 
healthcare system, establishing more comprehensive 
and comprehensive prevention measures, and 
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incorporating them into routine examinations and 
primary healthcare services. Manage with a precise 
management system for preliminary screening, 
assessment, intervention, and follow-up. It can 
optimize the allocation of medical resources, improve 
the rate of prevention and control, make health fair, 
benefit the people, and reduce the burden of global 
diabetes [10]. 

5 Comprehensive strategies for 
diabetes management 

5.1 Balancing precision medicine and 
universal health coverage 

If the patients are in low - and middle-income areas 
with limited resources, the prevention and control of 
diabetes needs special attention. Attention should be 
paid to the two key areas of universal health coverage 
and precision medicine. Universal health coverage 
emphasizes providing basic prevention, screening, and 
treatment for the entire population, which is an 
important guarantee for reducing the burden of 
diseases on the population. Precision medicine, on the 
other hand, focuses on targeted therapies for high-risk 
groups, specific diabetes subtypes, and individual 
differences. In practice, adhere to the principle of basic 
prevention as the mainstay, with precision intervention 
as a supplement. Prioritize ensuring essential public 
health services and basic medications, and then allocate 
limited precision medicine resources to high-risk 
groups and individualized precision treatments. Avoid 
weakening the basic healthcare system by excessively 
pursuing high-precision treatments, striving for an 
optimal balance between equity and effectiveness 
[11,12]. 

5.2 Striking a balance between precision 
medicine and universal health coverage 

The distribution of resources in the prevention and 
control of diabetes in the world is challenged by 
uneven distribution, where there is a large disparity in 
the diagnosis, treatment, and specialized services 
between the urban and rural, regions and even the 
income groups. The weak groups like the elderly, rural 
inhabitants and those with low income are easier to 
miss. The primary care capacity is the key to enhancing 
equity. Introduce diabetes screening, generic treatment, 
drug counseling, and health management in the 
grassroots level. At the same time, with a policy 
response like a reduction in fees and a constant drug 
supply, access to healthcare is improved among 
vulnerable populations, and coverage was provided to 
all layer divisions in the population and no one is left 
uncovered because of their financial ability and 
geographical position and age. 

5.3 Medical data and artificial intelligence. 

Digital health and artificial intelligence have great 
opportunities to improve the level of management of 
diabetes risks, personalized management, blood 
glucose monitoring, and complication warning, as it 
will be possible to facilitate the management level 
precisely. In particular, risk forecasting models based 
on AI can involve qualitative analysis of the specific 
health data of individuals, including blood sugar, 
weight, and family medical history, to identify the 
high-risk groups in their early stages; continuous 
glucose monitoring (CGM) devices can detect changes 
in the level of sugar concentration in the blood in real-
time to ensure that a patient and the doctor adjust 
management plans in time; telemedicine platforms also 
can enable remote consultation between patients in the 
remote areas and diabetes specialists, realizing the 
timely guidance on individual management. 
Nevertheless, in regions that lack resources, digital 
tools continue to have practical issues, including poor 
infrastructure, including, but not limited to; the non-
existence of network coverage that could be used to 
transmit CGM data, and the unavailability of 
affordable smart devices to be used in AI risk 
assessment. Priority in creating low-cost and user-
friendly digital tools should be given in the future to 
combine AI diagnostics with the primary care services. 
Although this will increase accuracy, the approach 
must not increase the healthcare disparity so that digital 
health and artificial intelligence will in reality help all 
people [13,14]. 

6 Conclusion 
Diabetes is a severe global public health issue, 
imposing immense burdens on individuals, societies, 
and healthcare systems worldwide. This article 
highlights the interplay between metabolic stress and 
immune dysfunction as a key driver of the disease. 
Addressing this challenge requires integrating 
personalized and equitable healthcare, especially in 
resource-limited regions plagued by underdiagnosis, 
limited treatment access, and inadequate infrastructure. 
Priorities include improving equitable access to 
screening, diagnosis, and treatment; strengthening 
long-term monitoring and outcome evaluation; and 
leveraging digital health and AI to enhance prevention, 
remote monitoring, and personalized care. A 
comprehensive strategy combining precision medicine, 
universal health coverage, equity promotion, 
continuous monitoring, and technological innovation is 
essential for effective, equitable, and sustainable global 
diabetes control, ultimately reducing the worldwide 
burden of the disease. 
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