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ABSTRACT

Type 2 diabetes mellitus (T2DM) continues to impose a global health burden, with glycemic control remaining
central to its management. Dietary modification is critical, yet traditional nutritional counseling often lacks
scalability, personalization, and continuous engagement. Artificial intelligence (Al)-powered nutrition coaching
platforms have emerged as innovative tools that deliver personalized dietary recommendations using real-time data
and machine learning algorithms. These systems integrate inputs such as glucose levels, meal composition, and
physical activity to guide user decisions and promote behavioral change. This narrative review critically evaluated
evidence from controlled trials assessing the impact of Al-driven nutrition coaching on glycemic outcomes in adults
with T2DM. Using a structured literature review methodology focused on randomized and non-randomized
controlled trials, the article synthesized findings on HbAlc reduction, fasting plasma glucose, and time-in-range
improvements. The review also explored secondary outcomes such as dietary adherence and patient engagement.
The evidence indicates that Al-powered nutrition platforms enhance glycemic control and support sustained
behavioral change, particularly when integrated with continuous glucose monitoring. Despite promising results,
challenges remain in ensuring equitable access, protecting data privacy, and standardizing trial designs. Future
integration of these tools into clinical pathways, supported by long-term studies and ethical oversight, could redefine
dietary self-management in T2DM care.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) represents a major global health burden, characterized by insulin resistance,
progressive beta-cell dysfunction, and chronic hyperglycemia [1-87]. The cornerstone of its management is
glycemic control, primarily achieved through pharmacologic therapy, lifestyle modification, and dietary
management. Among these, nutritional intervention plays a pivotal role in modulating blood glucose levels,
preventing complications, and enhancing overall quality of life. Traditional nutritional counseling, while effective,
often lacks personalization, scalability, and sustained engagement, especially in resource-constrained settings. Recent
advances in artificial intelligence (AI) offer novel opportunities for transforming dietary management in T2DM [47].
Al-powered nutrition coaching systems harness machine learning algorithms, natural language processing, and data
analytics to provide personalized, real-time dietary feedback based on user-specific variables such as glucose levels,
dietary habits, physical activity, and comorbidities [5, 67. These systems have demonstrated potential to overcome
limitations inherent in conventional counseling by delivering tailored, adaptive, and continuous support. Controlled
trials investigating these technologies suggest promising outcomes in terms of improved glycemic metrics, patient
adherence, and dietary behaviors.

This narrative review aims to examine the current evidence from controlled trials assessing the efficacy of Al-
powered nutrition coaching in improving glycemic control among adults with T2DM. The review will synthesize
findings on glycemic endpoints, including HbA1c, fasting plasma glucose, and time-in-range, while considering
secondary outcomes such as dietary compliance and user engagement. Furthermore, the review will discuss the
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underlying mechanisms, technological platforms, and challenges associated with Al-driven nutrition interventions.
By analyzing the integration of Al technologies into diabetes self-management, this review seeks to provide
clinicians, researchers, and policy-makers with a comprehensive understanding of the transformative potential and
limitations of these innovations in enhancing glycemic control in T2DM.
Technological Overview of AlI-Powered Nutrition Coaching Systems
Al-powered nutrition platforms are engineered to process vast quantities of user-generated data to deliver
actionable insights [7, 87. These platforms typically integrate continuous glucose monitoring (CGM) data, food
logging (through image recognition or natural language input), and activity tracking. Using machine learning
models, they generate predictive analyses and personalized dietary recommendations.
Several commercial and research-based systems have emerged, such as Nutrino, Lumen, and January AI, each
employing varying degrees of Al sophistication. Nutrino, for example, utilizes contextual data (e.g., meal timing,
food composition, physical activity) to predict glycemic responses, while January Al trains algorithms on CGM data
to anticipate glucose excursions in response to specific foods [9, 107]. These systems aim to not only inform but also
modify behavior through feedback loops, nudges, and adaptive learning.
Some platforms incorporate chatbots or virtual coaching agents powered by natural language processing, enhancing
user engagement through conversational interfaces. Additionally, real-time alerts and gamification techniques are
commonly employed to sustain motivation and adherence. The convergence of these technologies underscores the
importance of a multi-disciplinary approach combining nutritional science, behavioral psychology, and Al
engineering,.
Evidence from Controlled Trials: Glycemic Control Outcomes

Controlled trials evaluating Al-based nutrition coaching in adults with T2DM have reported heterogeneous but
largely positive results. A 2021 randomized controlled trial (RCT) comparing Al-powered nutrition feedback to
standard care demonstrated a significant reduction in HbAlc over 12 weeks, with mean differences of -0.6% [11,
127]. Participants using Al platforms exhibited greater dietary adherence and self-monitoring frequency.
Another multicenter RCT published in 2022 assessed the efficacy of an Al-integrated smartphone application in
conjunction with CGM data. The intervention group achieved improved time-in-range metrics (percentage of time
glucose remained within 70-180 mg/dL), along with modest reductions in fasting plasma glucose levels. Notably,
improvements were more pronounced among participants with higher baseline HbAlc, suggesting that Al
interventions may be particularly beneficial for individuals with suboptimal glycemic control. However, not all
studies have found clinically meaningful differences. A smaller trial with a four-week intervention period reported
minimal change in HbA 1c but noted enhanced patient satisfaction and engagement [1387]. These discrepancies may
be attributed to variations in trial duration, baseline characteristics, and the technological maturity of the Al tools
used. Overall, controlled trial data suggest that Al-powered nutrition coaching can enhance glycemic control,
particularly when interventions are sustained, personalized, and integrated with real-time glucose monitoring [147].
Nonetheless, further trials with standardized protocols and longer follow-up are needed to validate long-term
effectiveness.

Impact on Dietary Behavior and Patient Engagement
Behavioral modification remains a cornerstone in managing T2DM, and Al-based systems offer significant
advantages in this domain [157. Trials consistently report improvements in dietary self-efficacy, meal planning
accuracy, and nutrient quality among users of Al nutrition platforms. By delivering feedback grounded in real-time
data, these systems help patients recognize the glycemic impact of specific foods and foster more informed dietary
decisions.
Moreover, Al-driven applications often facilitate goal setting, progress tracking, and motivational reinforcement,
elements that are crucial for sustained behavior change [167. Engagement metrics from trials reveal higher daily
app usage, reduced dropout rates, and positive user satisfaction scores among intervention groups compared to
standard care.
Qualitative data from post-trial interviews further emphasize user appreciation for the immediacy and
personalization of Al feedback. Participants described increased confidence in meal choices and reported fewer
instances of postprandial hyperglycemia due to informed substitutions and portion control.
These findings underscore the potential of Al systems not merely as informational tools but as active behavioral
interventions. Their ability to translate raw data into meaningful guidance, particularly when combined with
intuitive user interfaces and real-time feedback, may address longstanding barriers in dietary adherence among
T2DM populations.

Mechanisms Underpinning Glycemic Improvements
The mechanisms by which Al-powered coaching improves glycemic control are multifaceted. Firstly, Al systems
enable timely decision-making by providing immediate feedback on dietary choices, thereby minimizing glycemic
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variability [177]. Secondly, personalized recommendations align better with individual metabolic profiles than
generic guidelines, which can increase the effectiveness of dietary interventions.
Thirdly, the integration of multiple data streams including glucose levels, meal content, physical activity, and even
sleep enables a holistic assessment of the factors influencing glycemia [187]. Machine learning algorithms can
identify patterns that may elude human observation, allowing for preemptive modifications in behavior. For example,
anticipating a glucose spike after a carbohydrate-rich meal and recommending a short walk can prevent
hyperglycemia without requiring medication adjustments.
Additionally, the iterative learning capabilities of Al systems allow them to refine recommendations over time,
thereby aligning more closely with the user’s physiological responses and preferences. This dynamic personalization
not only optimizes glycemic outcomes but also enhances user engagement and trust in the system.
Finally, the psychological impact of perceived support, even from virtual agents, may play a role. The presence of a
seemingly responsive system can foster accountability and reduce the sense of isolation that often accompanies
chronic disease management.
Challenges and Limitations of Current Evidence
Despite the encouraging findings, several challenges temper the enthusiasm surrounding Al-powered nutrition
coaching. Firstly, the heterogeneity in study designs, Al platforms, and outcome measures limits comparability
across trials. Secondly, most studies have relatively short durations (4—12 weeks), making it difficult to ascertain
long-term efficacy and sustainability.
Thirdly, access to Al-driven interventions may be limited by digital literacy, socioeconomic status, and language
barriers [197. Many platforms require smartphone ownership, consistent internet connectivity, and familiarity with
digital interfaces factors that may disproportionately exclude older adults or underserved populations.
Data privacy and security also remain concerns, particularly given the sensitive nature of health-related data. The
use of third-party apps to store and analyze dietary and glucose data necessitates robust safeguards, transparent
data policies, and user consent mechanisms.
Moreover, the risk of algorithmic bias is nontrivial. If training data for Al models are not representative of diverse
populations, recommendations may be less accurate or effective for certain groups. Ensuring equity in Al-driven
healthcare thus requires deliberate efforts in model development and validation.
Lastly, the role of human oversight should not be underestimated. While Al can augment decision-making; it should
not supplant professional judgment. Collaborative models that integrate Al insights with clinician guidance are
likely to be more effective than either modality alone.
Future Directions and Clinical Implications
To fully realize the potential of Al-powered nutrition coaching, future research must prioritize long-term,
multicenter trials with standardized outcome measures [207]. These studies should also explore integration into
existing healthcare systems, evaluating cost-effectiveness, scalability, and interoperability with electronic medical
records.
From a clinical perspective, Al tools offer a promising adjunct to traditional care. They can enable more frequent
dietary monitoring;, offer insights between clinical visits, and support individualized care plans. Incorporating these
tools into diabetes education programs could enhance patient autonomy and reduce provider burden [217].
Moreover, interdisciplinary collaborations between clinicians, data scientists, behavioral psychologists, and
nutritionists will be essential in designing user-centered, evidence-based Al applications. Regulatory frameworks
should also evolve to ensure quality, safety, and ethical compliance of Al-driven interventions in healthcare.
CONCLUSION
Al-powered nutrition coaching represents a transformative approach to managing glycemic control in adults with
type 2 diabetes. By leveraging real-time data, machine learning algorithms, and personalized feedback mechanisms,
these systems offer a novel means of addressing the limitations of traditional dietary counseling. Evidence from
controlled trials, though still emerging, indicates that such interventions can lead to significant improvements in
glycemic metrics, dietary behavior, and patient engagement. The capacity of Al to adapt recommendations to
individual needs, predict glycemic responses, and sustain user motivation highlights its potential to serve as both a
clinical and behavioral tool. Nevertheless, challenges persist, including digital access disparities, data security
concerns, and the need for robust, long-term evidence. Addressing these issues through inclusive design, rigorous
research, and thoughtful integration into care pathways will be vital. As healthcare systems continue to embrace
digital innovation, Al-powered nutrition platforms may become central to diabetes self-management,
complementing pharmacologic and lifestyle interventions. With careful implementation and ongoing evaluation,
these technologies could significantly enhance patient outcomes and contribute to more personalized, efficient, and
equitable care in type 2 diabetes management.

54
This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


http://www.iaajournals.org/

www.iaajournals.org Muhindo

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES
Uti, D.E,, Igile, G.O.,, Omang, WA, Umoru, G.U,, Udeozor, PA., Obeten, UN., Ogbonna, O.N., Ibiam, UA,,
Opotu, Ohunene, R., Chukwufumnanya, M.J., Oplekwu, R.I., A, W, Obio: Anti-Diabetic Potentials of
Vernonioside E Saponin; A Biochemical Study. NVEO - Natural Volatiles & Essential Oils Journal | NVEO.
14234—14254 (2021)
Umoru, G.U,, Uti, DE., Aja, PM.,, Ugwu, O.P, Orji, O.U, Nwali, B.U,, Ezeani, N.N,, Edwin, N., Orinya, F.O.:
Hepato-Protective Effect Of Ethanol Leaf Extract OF Datura stramonium in Alloxan-induced Diabetic albino
Rats. Journal of Chemical Society of Nigeria. 47, (2022). https://doi.org/10.46602/jcsn.v47i5.819
Lima, J.E.B.F,, Moreira, N.C.S., Sakamoto-Hojo, E.T.: Mechanisms underlying the pathophysiology of type 2
diabetes: From risk factors to oxidative stress, metabolic dysfunction, and hyperglycemia. Mutation
Research/Genetic ~ Toxicology and  Environmental =~ Mutagenesis.  874—875, 503437  (2022).
https://doi.org/10.1016/j.mrgentox.2021.503437
Alum, E.U.: Optimizing patient education for sustainable self-management in type 2 diabetes. Discov Public
Health. 22, 44 (2025). https://doi.org/10.1186/512982-025-0044:5-5
Tsolakidis, D., Gymnopoulos, L.P, Dimitropoulos, K.: Artificial Intelligence and Machine Learning
Technologies for Personalized Nutrition: A Review. Informatics. 11, 62 (2024).
https://doi.org/10.8890/informatics 11030062
Gami, S.J, Sharma, M., Bhatia, A.B., Bhatia, B., Whig, P.: Artificial Intelligence for Dietary Management:
Transforming Nutrition Through Intelligent Systems. In: Nutrition Controversies and Advances in
Autoimmune Disease. pp. 276-307. IGI Global Scientific Publishing (2024)
Prasad, G., Padhiary, M., Hoque, A., Kumar, K.: AI-Driven Personalized Nutrition Apps and Platforms for
Enhanced Diet and Wellness. In: Food in the Metaverse and Web 3.0 Era: Intersecting Food, Technology, and
Culture. pp. 125-158. IGI Global Scientific Publishing (2025)
Dakhia, Z., Russo, M., Merenda, M.: Al-Enabled IoT for Food Computing: Challenges, Opportunities, and
Future Directions. Sensors. 25, 2147 (2025). https://doi.org/10.8890/s25072147
Prasad, G., Padhiary, M., Hoque, A., Kumar, K.: AI-Driven Personalized Nutrition Apps and Platforms for
Enhanced Diet and Wellness. In: Food in the Metaverse and Web 3.0 Era: Intersecting Food, Technology, and
Culture. pp. 125-158. IGI Global Scientific Publishing (2025)
Zahedani, A.D., McLaughlin, T., Veluvali, A., Aghaeepour, N., Hosseinian, A., Agarwal, S., Ruan, J., Tripathi, S.,
Woodward, M., Hashemi, N., Snyder, M.: Digital health application integrating wearable data and behavioral
patterns improves metabolic health. npj Digit. Med. 6,216 (2023). https://doi.org/10.1038/541746-023-00956-
y
Pokushalov, E., Ponomarenko, A., Shrainer, E., Kudlay, D., Miller, R. Biomarker-Guided Dietary
Supplementation: A Narrative Review of Precision in Personalized Nutrition. Nutrients. 16, 4033 (2024).
https://doi.org/10.8390/nu16234033
Shamanna, P, Joshi, S., Thajudeen, M., Shah, L., Poon, T., Mohamed, M., Mohammed, J.: Personalized nutrition
in type 2 diabetes remission: application of digital twin technology for predictive glycemic control. Front.
Endocrinol. 15, (2024). https://doi.org/10.8389/fendo.2024.1485464
Group, T.RS.: Relative effectiveness of insulin pump treatment over multiple daily injections and structured
education during flexible intensive insulin treatment for type 1 diabetes: cluster randomised trial (REPOSE).
(2017). https://doi.org/10.1136/bmjj1285
Ji, C, Jiang, T., Liu, L., Zhang, J., You, L.: Continuous glucose monitoring combined with artificial intelligence:
redefining  the pathway for prediabetes management. Front. Endocrinol. 16, (2025).
https://doi.org/10.3389/fendo.2025.1571362
Coman, L.-1., Ianculescu, M., Paraschiv, E.-A., Alexandru, A., Badarau, I.-A.: Smart Solutions for Diet-Related
Disease Management: Connected Care, Remote Health Monitoring Systems, and Integrated Insights for
Advanced Evaluation. Applied Sciences. 14, 2351 (2024). https://doi.org/10.8390/app14062351
Adanyin, A.: AI-Driven Feedback Loops in Digital Technologies: Psychological Impacts on User Behaviour and
Well-Being, http://arxiv.org/abs/2411.09706, (2024
Sharma, A., Dixit, S., Gupta, S.: Future of Diabetic Management Using Artificial Intelligence. In: Artificial
Intelligence in Healthcare. CRC Press (2024)
Kim, Y-I., Choi, Y., Park, J: The role of continuous glucose monitoring in physical activity and nutrition
management: perspectives on present and possible uses. Phys Act Nutr. 27, 44-51 (2023).
https://doi.org/10.20463/pan.2023.0028
Alum, E.U.: Al-driven biomarker discovery: enhancing precision in cancer diagnosis and prognosis. Discov Onc.
16, 313 (2025). https://doi.org/10.1007/512672-025-02064-7

55

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


http://www.iaajournals.org/

www.iaajournals.org Muhindo

20. Huang, L., Huhulea, ENN.,, Abraham, E., Bienenstock, R., Aifuwa, E., Hirani, R., Schulhof, A., Tiwari, R K,
Etienne, M.: The Role of Artificial Intelligence in Obesity Risk Prediction and Management: Approaches,
Insights, and Recommendations. Medicina. 61, 358 (2025). https://doi.org/10.3390/medicina61020358

21. Sarma, A.D,, Devi, M.: Artificial intelligence in diabetes management: transformative potential, challenges, and
opportunities in healthcare. Hormones. (2025). https://doi.org/10.1007/542000-025-00644-4

56
This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


http://www.iaajournals.org/

