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Abstract: Diabetes mellitus is a fast growing universal public health concern that greatly increases sickness, mortality, and economic burden,
especially in low- and middle-income areas like South Asian nations. The rising incidence of diabetes and the shortcomings of traditional
healthcare delivery methods accentuate the pressing need for creative, scalable, and easily accessible alternatives. The growing role of artificial
intelligence (Al) and machine learning (ML) in the diabetes care weighbridge including early risk prediction, diagnosis, individualized
treatment, real-time monitoring, and complication prevention is studied in this paper.

To evaluate worldwide and SAARC specific changes in diabetes prevalence and estimated disease burden, a secondary data based comparative
study was carried out using epidemiological data from the International Diabetes Federation (IDF) Diabetes Atlas. Concurrently, a
comprehensive review of current Al and ML-driven diabetes management applications was conducted, with a focus on predictive modeling, Al
assisted screening, and new glucose monitoring technologies like continuous glucose monitoring and flash glucose monitoring.

The results show that the prevalence of diabetes is suspiciously high and rising quickly among SAARC countries. Models based on Al and
machine learning show great promise for early detection, better glycemic control, better drug adherence, and prompt identification of problems
associated with diabetes, particularly diabetic retinopathy.
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I. INTRODUCTION

Diabetes is a long-term condition caused by either insufficient insulin production by the pancreas or inefficient insulin
utilization by the body. The hormone insulin controls blood sugar levels. Uncontrolled diabetes frequently results in
hyperglycemia, also known as elevated blood glucose or elevated blood sugar, which over time causes major harm to numerous
bodily systems, particularly the blood vessels and neurons.

The healthcare system is one of the many areas of our lives that artificial intelligence and machine learning, or AI/ML, are
changing. The use of AI/ML has the potential to significantly expand the reach of diabetes care, increasing its effectiveness. The
enormous number of diabetes cases in India brings a special set of issues as well as a special chance for data availability. India can
become a leader in this field of study if all doctors utilize this data through electronic medical records. The use of Al and ML
would assist us understand our issues and possibly come up with customized solutions.

Acrtificial intelligence (Al) is a broad term defined as the theory and development of virtual systems which are able to
perform tasks normally by utilizing human intelligence such as visual perception, speech recognition, decision-making, and
translation between languages [1].

Il. LITERATURE REVIEW

One of the 21st century's fastest-growing worldwide health emergencies is diabetes mellitus, especially Type 2 Diabetes
(T2D). Chronic hyperglycemia is its defining feature, and it causes serious macrovascular and microvascular problems that have
a huge financial and human cost. The International Diabetes Federation (IDF) estimates that 537 million adults (2079 years old)
had diabetes in 2021; this number is expected to increase to 643 million by 2030 and 783 million by 2045 [2]. With a predicted
6.7 million fatalities from diabetes in 2021 alone and one death every five seconds. There is an uneven distribution of the load.
With more than 1.9 billion inhabitants, the SAARC area (Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and
Sri Lanka) is a crucial epicenter. With some of the highest prevalence rates and mortality rates in the world, this region is home to
25% of the world's diabetic population [2] [3].

Statistical Overview of Diabetes: Global and SAARC Regions

Diabetes is now a major global health problem, affecting about 589 million adults aged 20 to 79, or about one in nine adults.
By 2050, this number is expected to rise sharply to 853 million, which shows how quickly the disease is getting worse. Diabetes
caused 3.4 million deaths in 2024 alone, which is the same as one death every nine seconds. The number of persons with diabetes
worldwide increased dramatically from 200 million in 1990 to 830 million by 2022, with low and middle income nations
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experiencing the highest growth.

Type 2 diabetes is rapidly increasing worldwide due to lifestyle changes, urbanization, globalization, and population aging.
By 2025, over 240 million people more than 80% of those affected are expected to live in developing countries. India, China, and
the United States remain the leading countries in diabetes burden, while Pakistan is projected to rise to fourth globally. In the
SAARC region, diabetes prevalence in Bangladesh, India, Nepal, Pakistan, and Sri Lanka exceeds the WHO 2000 average for
developing countries (3.5%). An estimated 33 million adults had type 2 diabetes in 2000, rising to a projected 77 million by 2025,
with nearly 80% of cases occurring among individuals aged 20—64 years. India and Pakistan rank among the top ten globally for
prevalence and disease burden, with urban prevalence rates of 12.1% and 10.6%, respectively [2].

Al and Machine Learning in Diabetes Prediction

All scientific domains make considerable use of AI/ML techniques, which are transforming organizations globally.
Conversely, healthcare systems are lagging significantly behind in this area and have been extremely hesitant to incorporate new
innovations. Actually, ML/ALl is already being used to diagnose diabetes based on EHR data, predict risk of comorbidities including
nephropathy and retinopathy, and diagnose diabetic retinopathy [4]. In the published literature, there is a dearth of information on
all these areas of Al that is specific to India. The automated diagnosis and grading of diabetic retinopathy based on fundus photos
has already advanced significantly thanks to the efforts of the Google Al research unit and a few Indian ophthalmology clinics.
The detection and early management of diabetic problems can be greatly improved by the adoption of these technologies [5]. The
ML working process is shown as figure below.
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Fig. 1: Applications of Machine Learning in diabetes care and research

Prediction Models
Predictive modeling for diabetes risk stratification has been widely studied using both traditional ML and advanced Al
algorithms: logistic regression, decision trees, random forests, support vector machines (SVM), neural networks, and deep
learning. Beyond basic binary classification, Al models are applied to:
e Continuous glucose forecasting using time-series models
Image-based diagnosis for diabetic retinopathy via convolutional neural networks
Population risk mapping from EHR and sociodemographic features
Integration with 10T wearables for real-time monitoring.

Prediction of diabetes
Based on genetic as well as clinical data, algorithms have been used to ascertain risk of occurrence of diabetes. Based on
electronic health record data, certain algorithms can alert physicians towards possibility of diagnosis of diabetes being missed
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Control of blood sugar levels
primarily relates to artificial pancreatic systems. Numerous studies have attempted to automate insulin infusion rates
based on continuous glucose monitoring (CGM) data and to recommend insulin bolus doses using various Al techniques.

Forecasting glycemic events
CGM data can be used to anticipate when hypoglycemia or hyperglycemia will occur. This strategy is already being used
in business.

Forecasting complications
Using baseline clinical and biochemical data, predict the likelihood of retinopathy, nephropathy, neuropathy, or
cardiovascular event

Identification of complications
By precisely identifying and categorizing stages based on fundus camera images, the Al/ML technique is transforming
the identification of retinopathy in diabetic clinics [6].

Avrtificial Intelligence in Diabetes Management

Al is transforming diabetes diagnosis, prognosis, and treatment. Al helps physicians give tailored treatments that greatly
lessen the serious health issues that result from years of elevated blood sugar by improving screening accuracy and facilitating
earlier intervention. The technology goes beyond diagnosis; insulin pumps using Al algorithms can reduce glucose fluctuations,
directly enhancing patients' everyday life. Artificial intelligence (Al) techniques for anticipating and diagnosing consequences
such as damage to the eyes and nerves have become essential. [7]

These results were supported by a study of 40 trials, which showed that deep learning continuously produced outstanding
outcomes on a variety of diabetes tasks, especially when it came to identifying eye problems [8].

Recent research has shown promise in the creation of tools and gadgets for diabetes control as well as the application of Al
for effective data handling in the future. The introduction of smartphones and wearable technology affects and strengthens the
cohesive integrity for the overall benefit of diabetic patients, medical personnel, and the healthcare system. The use of mobile
apps, Al-based algorithms, continuous/flash glucose monitoring (CGM), closed loop systems (artificial pancreas), social media,
and online forums are some of the many aspects of digital technology use in diabetology that are being investigated (Table 1).
Unlike other chronic conditions, diabetes requires self-monitoring, which can produce significant data and biomarkers for e-health
tools for tracking patterns, correlating with lifestyle adjustment, and designing the interventional approach [17].

Table No. 1: Al-Driven and Digital Advances in Diabetes Care

Technology Application Achievement
Mobile apps, smart | Recording of individual clinical vitals & Adherence to treatment;
watches & fitness reports; HbALc reduction

trackers Smart weight, blood pressure and blood

glucose and ECG monitoring by
biometric scanners

Al based algorithms Diet planning for individual patient; Personalized nutrition; Early and
Automated diabetic retinopathy accurate diagnosis diabetic

diagnosis; retinopathy;Optimal treatment and

Early diagnosis of diabetes by tongue referral
images
Social media, online Peer support HbALc reduction and emotional support

communities and improvement of QoL

Internet Diabetes management and research Launch of large scale clinical &

population

based e-cohorts

Opportunities and Challenges of Al Applications
Precision

Precision medicine, according to the National Institutes of Health, is a new approach to disease prevention and treatment
that takes into account each person's unique genetic, environmental, and lifestyle characteristics. This method enables physicians
and researchers to more precisely forecast and target prevention and treatment plans for a certain disease to specific populations
[20].

Penetration

Conventional health care does not adequately serve many people in distant or low-income areas [11]. These people
frequently have the worst health outcomes, the least knowledge of the illness, and little utilization of maintenance drugs. [12]
When compared to strong conventional health care, the reach of Al-based DHTSs, along with the relative cost reduction and
increased capabilities of mobile communications, has resulted in its greater penetration into historically hard-to-reach regions.
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Opportunities in Diabetes Care

Early Risk Prediction: Al algorithms use clinical, lifestyle, and demographic data to identify high-risk individuals.

Accurate Diagnosis: Early diagnosis of prediabetes and complications from diabetes is enhanced by machine learning.
Personalized Care: Al makes lifestyle, medicine, and insulin recommendations specifically for each patient.

Continuous Glucose Monitoring (CGM): Al evaluates CGM data to forecast instances of hypoglycemia and hyperglycemia.
Clinical Decision Support: Helps physicians plan and monitor treatments based on evidence.

Remote patient monitoring: Facilitates follow-up care and telemedicine, particularly in environments with limited resources.
Lifestyle & Behavior Management: Al-driven applications help with medication adherence, exercise, and food planning.
Complication Prediction: Forecasts the likelihood of retinal, neuropathy, nephropathy, and cardiovascular disease.
Population Health Management: Assists decision-makers in identifying patterns and developing focused treatments.

Cost Reduction: Preventive treatment maximizes resource utilization and lowers long-term healthcare costs.

Challenges of Al application in the Diabetes Care

Data quality control

The corresponding labels and data quality will directly affect model performance because clinical Al systems are built on a

significant amount of real-world health data. Issues with data quality could include:

¢ inadequate data, where only a small percentage of the data has been labeled;

e poor quality of the data labels, such as wrong labels; and

e poor quality of the data itself, such as unfair and blurry photos. Furthermore, if Al-enabled DHTSs are trained on data reflecting
health-care disparities faced by groups characterized by race, ethnicity, gender, sexual orientation, socioeconomic position, or
geographic location, they may intensify implicit bias and discrimination [13].

Poor Technology Design

To meet user requests, Al-based DHTs must be continuously improved and enhanced iteratively. Most DHTS' initial
iterations are inherently difficult to use, necessitating the use of user-centered design concepts. The iterative process of identifying
potential issues that users might face, creating mock-ups of potential solutions, testing those solutions, and reassessing whether
they address the issue is all part of the user-centered design principles [14].

Lack of Clinical Integration

Many Al researchers anticipate significant shifts in clinical practice as Al systems develop and become more widely used.
Modern Al systems cannot reach their full potential unless they are included into digital and clinical procedures. The use of Al
systems in the actual world may have a number of unforeseen consequences, such as alert weariness, [15] more work for clinicians,
interpersonal communication disturbance, and the creation of particular hazards that call for heightened awareness to identify. [16]

Privacy Concerns

Implementing data security and privacy guarantees is a major concern for the future of Al in medicine. Algorithms that
could potentially reveal a patient's medical history are not allowed in clinical practice due to the widespread issues with hacking.
[17].

I1l. METHODOLOGY
Design of the Study
This study used a descriptive and analytical research approach based on secondary data analysis. The exploratory of
global and SAARC region diabetes trends and assessing the possible application of Al and ML in diabetes management, care,
and prediction are its main objectives.

Source of Data

The International Diabetes Federation (IDF) Diabetes Atlas 2025 provided all of the diabetes-related information. The
dataset covers both worldwide and SAARC countries and provides country by country estimates of diabetes prevalence for several
years 2000, 2011, 2024, and predicted values for 2050.

Study Scope and Population

Adult populations (20-79 years old) as defined by the IDF were included in the analysis. SAARC nations (India, Pakistan,
Bangladesh, Nepal, Bhutan, Sri Lanka, Afghanistan, and the Maldives) received special attention, and regional patterns were
contextualized through global comparisons.

Analyzing and Visualization

Spreadsheets and statistical software were used to organize the data that was taken from IDF tables and reports. The
comparative analysis was used to evaluate growth trends and differences among nations. The graphs with data made it easier to
compare diabetes trends worldwide and among SAARC countries.
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IV. RESULTS
International Diabetes Federation (IDF 2025) gives a lot of information about how many people are expected to have
diabetes in 2024 and 2050, broken down by region, country, and territory. It brings attention to the growing effects of diabetes
around the world and stresses the need for governments and policymakers to take immediate action that has been shown to work.

In this study was focused analysis of diabetic data on SAARC nations only which was depicted in following table 1.

Table No 2: Diabetes Population of SAARC Nations Year wise (in 1000's)

2011 2024 2050
India 61258 89827 156741
Pakistan 6349 34532 70189
Nepal 488 1259 2382
Bhutan 22 57 103
Bangladesh 8406 13877 23071
Srilanka 1080 1600 1912
Afghanistan 818 1933 4756
Maldives 15 31 53

The number of people with diabetes in SAARC countries is shown in Table 2 along with estimates for 2050 and diabetes
people for the years 2000, 2011, and 2024. Overall, the results show a significant and steady increase in the prevalence of diabetes
in all SAARC countries, with notable variation in growth rates and magnitude.

Over the course of the observed period, India has had the highest absolute burden, rising from 32,674 cases in 2000 to
89,827 cases in 2024. Projections anticipate a sharp increase to 156,741 cases by 2050. The number of people with diabetes in
Pakistan likewise shows a sharp growth tendency, especially between 2011 and 2024, when it more than doubled. By 2050, it is
predicted to reach 70,189. Similar accelerated trends may be seen in Bangladesh, where incidences increased from 1,760 in 2000
to 13,877 in 2024, with estimates indicating that there will be close to 23,071 cases by 2050.

Despite making smaller absolute contributions, smaller SAARC nations like Nepal, Bhutan, the Maldives, and Sri Lanka
show steady growth over time. The number of people with diabetes in Nepal rose from 488 in 2011 to 1,259 in 2024, and by 2050,
it is expected to have nearly doubled. Despite having small populations, Bhutan and the Maldives exhibit proportionally
considerable increases, suggesting that diabetes is not limited to heavily populated or urbanized countries. Afghanistan's population
is expected to increase significantly from 818 in 2011 to 4,756 by 2050, according to data available since 2011.

Table No 3: The prevalence of diabetes in all SAARC nations in %

Country Pakistan India Nepal Bhutan Bangladesh | Srilanka | Afghanistan Maldives
2011 8 9 4 6 11 8 8 9
2024 31 11 8 12 13 10 12 9
2050 34 13 9 14 15 12 13 11

From 2011 to 2050, the prevalence of diabetes in all SAARC nations has a distinct and steady upward trend. Diabetes was
already becoming a regional burden in 2011, with prevalences ranging from 4% in Nepal to 11% in Bangladesh. In every country,
prevalence had significantly increased by 2024, although Pakistan saw the biggest growth (from 8% to 31%), followed by
Bangladesh (13%) and Bhutan and Afghanistan (12%). Even historically lower-prevalence nations like Nepal and the Maldives
are predicted to approach or surpass 9—-11%, while projections for 2050 state that the prevalence will continue to rise, with Pakistan
forecast to have the greatest prevalence (34%), followed by Bangladesh (15%) and Bhutan (14%).

Table No 4: Top 10 Nations with Diabetes Population

SN Nations Diabetes Population(Million)
1 China 140.9
2 India 74.2
3 Pakistan 33
4 USA 32.2
5 Indonesia 19.5
6 Brazil 15.7
7 Mexico 14.1
8 Bangladesh 13.1
9 Japan 11

10 Egypt 10.9
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Fig. 3: Peoples with diabetes in SAARC Nations

China has the largest population of diabetics (140.9 million), followed by India (74.2 million). The United States (32.2
million) and Pakistan (33 million) rank third and fourth, respectively, with similar burdens. Indonesia, Brazil, Mexico, Bangladesh,
Japan, and Egypt are among the other countries in the top ten, suggesting that diabetes affects both developed and developing
countries, with a higher prevalence in densely populated areas.

V. DISCUSSION

Diabetes is fast becoming a rapidly escalating public health problem in the SAARC region, driven by population growth,
rapid urbanization, changes in dietary habits, sedentary lifestyles, and increasing rates of obesity. There has been a sharp increase
in the prevalence of diabetes in India, Pakistan, and Bangladesh, which indicates the process of epidemiological transition, where
non-communicable diseases like diabetes occur along with communicable diseases. Notably, the upward trend is not limited to the
larger economies; smaller countries within the SAARC region, such as Nepal, Bhutan, and the Maldives, are also experiencing a
sharp rise. Any increase, though small, in these countries would put a huge burden on healthcare systems that are not equipped to
deal with chronic diseases, affecting the early diagnosis, treatment, and management of the disease along with its complications
Estimates suggest that all countries in the SAARC region are likely to experience further rises by 2050, which could have severe
economic and social implications, including increased healthcare expenditure, decreased productivity, and increased complications
of diabetes. The unequal rise of diabetes in the region also points to underlying social and healthcare disparities.

VI. CONCLUSIONS
The prevalence of diabetes in SAARC countries increased significantly and quickly between 2000 and 2024, according to
this study, and is expected to sharply increase by 2050, especially in India and Pakistan. Even smaller, lower-income nations like
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Afghanistan, Bhutan, Nepal, and the Maldives exhibit steady increase trends, underscoring growing regional health disparities and
shortcomings in long-term illness care and early identification.

In this regard, early risk stratification, individualized treatment, real-time monitoring, and effective use of scarce healthcare

resources are all made possible by Al and machine learning, which have revolutionary promise for diabetes prediction, prevention,
and care. For SAARC countries to reduce the future burden of diabetes, enhance outcomes, and attain sustainable health system
resilience by 2050, an Al-driven strategy that is locally tailored but globally informed integrated into primary healthcare systems,
backed by strong data governance, and enhanced regional collaboration will be essential. Keeping ethics at the forefront.
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