Irakoze, 2026

International Digital Organization for Scientific Research IDOSR JBCP/26/102.1700
IDOSR JOURNAL OF BIOLOGY, CHEMISTRY AND PHARMACY 11(1):22-27, 2026.

www.idosr.or

Artificial Intelligence-Assisted Nanotechnology for
Personalized Management of Obesity and Diabetes

Irakoze Mukamana S.

School of Applied Health Sciences Kampala International University Uganda

ABSTRACT

Obesity and diabetes are two of the most prevalent chronic metabolic diseases worldwide, often co-occurring
and contributing to significant healthcare burdens. Traditional approaches for managing these diseases are
typically based on standardized treatment regimens, which may not be effective for all individuals due to the
heterogeneous nature of these conditions. The combination of artificial intelligence (AI) and nanotechnology
offers a transformative approach to personalize the management of obesity and diabetes. Al can analyze vast
amounts of patient data to predict disease progression and optimize treatment strategies, while nanotechnology
enables targeted drug delivery, enhanced bioavailability, and precise therapeutic interventions. This review
explores the integration of Al and nanotechnology in the personalized management of obesity and diabetes,
discussing the potential mechanisms, applications, and challenges associated with this innovative approach. We
also address the future prospects of Al-assisted nanotechnology for advancing personalized healthcare in
metabolic diseases.
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INTRODUCTION
Obesity and diabetes, particularly type 2 diabetes (T2D), are closely linked metabolic disorders that are rapidly
becoming global health epidemics[1-87. The rising prevalence of these conditions has led to a significant
increase in related comorbidities, such as cardiovascular disease, non-alcoholic fatty liver disease (NAFLD), and
chronic kidney disease. Obesity, characterized by excessive adiposity, contributes to insulin resistance and
dysregulated glucose metabolism, which are hallmark features of T2D. Both conditions share common
pathophysiological mechanisms, including inflammation, oxidative stress, dyslipidemia, and mitochondrial
dysfunction[4—67].
The management of obesity and diabetes typically involves a combination of lifestyle interventions,
pharmacotherapy, and, in some cases, surgical treatments. However, these conventional approaches often fail to
provide personalized care, as they do not account for individual variations in genetics, biomarkers, and response
to therapy[7, 87. In addition, current treatments primarily focus on symptomatic relief, such as improving
insulin sensitivity or managing glucose levels, without addressing the underlying causes of the disease.
The advent of artificial intelligence (AI) and nanotechnology has opened new frontiers in the personalized
management of metabolic diseases like obesity and diabetes. AI can be leveraged to analyze complex,
multidimensional datasets such as patient clinical records, genomic data, biomarkers, and lifestyle factors to
predict disease progression, identify optimal treatment regimens, and tailor interventions to individual patients.
By analyzing large volumes of data in real-time, Al systems can offer predictive insights that improve disease
monitoring, treatment response, and outcomes[9, 107].
Nanotechnology, on the other hand, offers the potential for targeted drug delivery, enhanced bioavailability, and
the ability to directly modulate metabolic pathways. Nanoparticles (NPs) can be engineered to deliver bioactive
compounds such as insulin-sensitizing agents, lipid-lowering drugs, and anti-inflammatory agents to specific
tissues, such as the liver, muscle, and adipose tissue, with high precision[[11-147. Additionally, nanocarriers can
be functionalized to improve the stability, solubility, and release kinetics of drugs, ensuring sustained therapeutic
effects and reducing side effects.
The integration of AI and nanotechnology offers a promising personalized approach to managing obesity and
diabetes. Al can guide the design of nanoplatforms by predicting the most effective therapies based on individual
patient characteristics, while nanotechnology can enable the precision delivery of these therapies to the right
tissues at the right time. This combination holds the potential to improve treatment outcomes, minimize adverse
effects, and provide customized care for patients suffering from obesity and diabetes. This review aims to explore

22


https://doi.org/10.59298/IDOSR/JBCP/26/102.2227
kiu.ac.ug

www.idosr.org Irakoze, 2026
the role of Al-assisted nanotechnology in the personalized management of obesity and diabetes. We will discuss
the mechanisms by which AI and nanotechnology work together, their applications in improving diagnosis and
therapy, and the challenges and future directions for their clinical integration.

2. Mechanisms of AI-Assisted Nanotechnology in Obesity and Diabetes

The integration of artificial intelligence (AI) and nanotechnology for personalized healthcare in obesity and
diabetes involves several mechanisms that enhance the effectiveness of both diagnosis and treatment[15, 167.
Al can assist in analyzing complex patient data, identifying patterns, and predicting disease progression, while
nanotechnology allows for targeted therapy, controlled drug release, and precise modulation of metabolic
pathways. Together, these technologies offer a powerful approach to optimize treatment regimens and improve
patient outcomes[17, 187].

AI-Driven Personalized Medicine

Al has the ability to process and analyze vast amounts of patient data, including clinical information (e.g.,
medical history, lifestyle factors), genomic data, biomarkers, and imaging results. By employing machine
learning algorithms, Al can identify complex patterns in the data that may not be immediately apparent to
clinicians. These insights can then be used to create personalized treatment plans based on an individual’s unique
metabolic profile[19, 207.

For example, AI models can predict the onset of insulin resistance or diabetes progression by analyzing
biomarkers such as insulin levels, glucose tolerance, and lipid profiles. These predictions enable clinicians to
intervene at an early stage, potentially delaying or preventing the onset of full-blown diabetes. Al can also
optimize the dosing schedules and combinations of drugs used to treat insulin resistance and dyslipidemia,
taking into account factors like genetic predisposition, age, and comorbidities[21, 227].

Al can also facilitate the integration of omics data such as genomics, proteomics, and metabolomics to provide
a comprehensive understanding of the molecular mechanisms underlying obesity and diabetes[237. This can
lead to the identification of new biomarkers for disease diagnosis, progression, and therapy response, enabling
more tailored treatments. Furthermore, Al can continuously monitor patient data in real-time, allowing for
dynamic adjustments to treatment plans and early detection of disease complications[24].

Nanotechnology for Targeted Drug Delivery

Nanotechnology provides a powerful platform for delivering therapeutic agents in a targeted and controlled
manner. Nanoparticles (NPs) can be designed to encapsulate drugs and other bioactive compounds, ensuring
that they are delivered to specific tissues involved in metabolic regulation, such as adipose tissue, liver, and
muscle[25-277]. For example, lipid-based nanoparticles or solid lipid nanoparticles (SLNs) can encapsulate
insulin-sensitizing drugs, antioxidants, and anti-inflammatory agents, improving their bioavailability and
reducing systemic side effects[267].

Targeting specificity is achieved by functionalizing the surface of nanoparticles with ligands that recognize and
bind to specific receptors overexpressed in target tissues. For instance, nanoparticles can be modified to target
fatty acid receptors in adipose tissue or insulin receptors in liver cells, ensuring that therapeutic agents are
delivered directly to the site of action. By improving tissue selectivity, nanocarriers can modulate lipid and
glucose metabolism more efficiently than conventional therapies[28, 297].

Moreover, nanoparticles can provide controlled drug release over an extended period, ensuring sustained
therapeutic effects and minimizing the need for frequent dosing. For example, polymeric nanoparticles designed
for sustained release can deliver glucose-lowering drugs such as metformin or sitagliptin over a longer duration,
improving patient compliance and enhancing the efficacy of treatment.

Combining AI with Nanotechnology for Treatment Optimization

Al and nanotechnology can work synergistically to optimize drug design, targeting strategies, and therapeutic
regimens. Al can be used to analyze patient data and predict which nanocarrier formulations will be most
effective based on an individual’s metabolic profile. Machine learning algorithms can optimize the drug delivery
parameters, such as nanoparticle size, charge, and surface functionalization, to ensure maximum efficacy[ 30,
317.

Furthermore, Al can guide the real-time monitoring of therapeutic responses by integrating data from
biosensors or imaging modalities (such as MRI, CT scans, or PET scans) alongside nanocarrier tracking
systems. This enables dynamic adjustments to treatment regimens, ensuring that therapy is continuously
optimized to meet the changing needs of the patient[ 327].

3. Applications of AI-Assisted Nanotechnology in Obesity and Diabetes

The integration of Al and nanotechnology in obesity and diabetes management has a wide range of applications,
from early diagnosis to personalized treatment. These technologies not only offer enhanced diagnostic
capabilities but also provide the means for targeted therapy that is tailored to individual patient needs[337.
Early Diagnosis and Risk Stratification

Al-assisted nanotechnology has the potential to improve the early diagnosis of obesity-associated diabetes
(OAD) by enabling real-time monitoring of disease biomarkers. Nanoparticles functionalized with imaging
agents can be used for non-invasive detection of insulin resistance, lipid dysregulation, and inflammation in
tissues such as adipose tissue, liver, and muscle[347]. Al algorithms can process the data collected from imaging
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techniques, such as magnetic resonance imaging (MRI) or fluorescence imaging, to provide accurate early-stage
diagnosis.
For example, Al models trained on large datasets of biomarkers and imaging data can predict the risk of
developing diabetes in overweight or obese individuals, even before significant changes in blood glucose levels
occur[(35, 367. This predictive capability enables early interventions, such as lifestyle changes or medications,
to prevent or delay the onset of diabetes.
Personalized Treatment of Obesity and Insulin Resistance
Al-assisted nanotechnology enables the personalized management of obesity and insulin resistance by delivering
customized treatments based on individual patient profiles. By integrating patient-specific data, such as genetic
information, metabolic biomarkers, and treatment history, Al can predict the most effective nanotherapies for
each patient[877.
For instance, nanoplatforms designed for targeted insulin delivery can be personalized to meet the needs of
patients with varying degrees of insulin resistance[ 387]. Nanocarriers encapsulating insulin-sensitizing drugs
(such as metformin or glitazones) can be used to improve glucose control while minimizing side effects like
weight gain or gastrointestinal discomfort. Al can analyze patient data in real-time and adjust the treatment
regimen accordingly to optimize the therapy[387.
Treatment Monitoring and Adjustment
Al algorithms can continuously monitor the effects of nanotherapeutic treatments by analyzing biomarker
levels, glucose readings, and patient feedback. This dynamic monitoring allows for personalized adjustments to
treatment regimens, ensuring optimal therapeutic responses. For example, Al can evaluate the effectiveness of
a lipid-lowering nanotherapy by analyzing reductions in triglyceride levels or fatty acid accumulation in adipose
tissue, while simultaneously assessing improvements in insulin sensitivity through blood glucose and insulin
markers[397.
Incorporating biosensors or wearable devices that track real-time data from patients allows for continuous
feedback, enhancing the ability to adjust treatments promptly. This approach improves patient outcomes,
minimizes drug-related side effects, and increases overall treatment efficacy[407].
4. Challenges and Future Directions
Despite the promising potential of Al-assisted nanotechnology in managing obesity-associated diabetes (OAD),
several challenges remain in translating these innovations into clinical practice.
Biocompatibility and Safety
One of the major concerns in using nanocarriers for therapeutic purposes is their biocompatibility. Nanoparticles
must be designed to minimize toxicity, immune responses, and accumulation in non-target tissues. Long-term
studies are needed to evaluate the safety and clearance of nanoparticles, as well as their potential for
bioaccumulation or chronic toxicity. Additionally, the biodegradability of nanoplatforms must be ensured to
prevent the buildup of non-degradable particles in tissues[41, 427.
Targeting Specificity
Achieving precise targeting of nanocarriers to insulin-resistant tissues such as adipose tissue, liver, and muscle
remains a significant challenge. The development of targeted delivery systems that can accurately deliver
therapeutic agents to these tissues without affecting other organs is essential for maximizing therapeutic
efficacy. Surface functionalization of nanoparticles with specific ligands or receptor targeting strategies will be
key to improving tissue specificity[437].
Scalability and Manufacturing
The scalability of nanocarrier production processes must be optimized to meet clinical needs while maintaining
quality control and consistency. The synthesis of nanoparticles in large quantities that meet regulatory
standards for clinical use presents a significant manufacturing challenge. Additionally, ensuring the stability
and uniformity of nanoplatforms in mass production is essential for clinical applications[44].
Regulatory and Clinical Translation
The clinical translation of Al-assisted nanotechnology requires overcoming significant regulatory hurdles. The
approval process for nanomedicines is complex, involving rigorous testing for safety, efficacy, and long-term
effects. Regulatory bodies such as the FDA and EMA must develop clear guidelines for the approval of
nanotherapies that combine both diagnostic and therapeutic functions[457]. Furthermore, cost-effectiveness
must be evaluated to ensure that these technologies are accessible to a wide range of patients.
Future Directions
Future research should focus on developing multi-functional nanoplatforms that combine drug delivery,
diagnostic imaging, and real-time monitoring in a single platform. The integration of Al algorithms with
biosensors could provide continuous feedback and enable personalized adjustments to treatment regimens.
Moreover, gene therapy and CRISPR-Cas9 technology could be incorporated into nanoplatforms for more
targeted interventions at the genetic level.

CONCLUSION
Al-assisted nanotechnology represents a groundbreaking approach for the personalized management of obesity-
associated diabetes (OAD). By combining artificial intelligence and nanotechnology, theranostic platforms can
enable early diagnosis, targeted therapy, and real-time monitoring of metabolic diseases. Al can predict disease
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progression, optimize treatment regimens, and tailor interventions to individual patient needs, while
nanotechnology provides precision drug delivery and enhances the bioavailability and effectiveness of
therapeutic agents. Although challenges such as biocompatibility, targeting specificity, and scalability remain,
the potential of Al-assisted nanotechnology to revolutionize the management of OAD is immense. As research
continues to advance, these technologies could offer more personalized, effective, and minimally invasive
treatments for obesity and type 2 diabetes, improving patient outcomes and reducing the long-term burden of
these metabolic diseases.
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