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ABSTRACT

Artificial Intelligence (Al) is increasingly revolutionizing the domains of nutrition and disease prevention through its
capacity for data-driven, personalized, and predictive healthcare. This scoping review analyzes recent trends (2019-2025) and
applications of Al technologies in nutritional science, focusing on disease risk prediction, dietary pattern analysis, and
precision diet recommendations. The study finds significant growth in Al-driven research post-2020, with machine learning
and deep learning being the most commonly employed techniques. High-accuracy outcomes, especially in precision nutrition,
underscore AD’s potential in both individual and public health interventions. Furthermore, emerging applications like
generative Al models (e.g., ChatGPT) are transforming nutritional counseling into real-time, accessible systems. Despite
promising advancements, challenges such as data standardization, ethical concerns, and translational gaps remain. This paper
underscores the need for interdisciplinary collaboration, robust data infrastructure, and ethical deployment to fully harness
AD’s potential in reshaping global nutrition and preventative healthcare landscapes.
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Artificial  Intelligence  (Al) is  rapidly
transforming numerous domains of healthcare, with
nutrition and disease prevention emerging as key areas of
innovation. The growing convergence of Al and
nutritional science promises not only to enhance the
precision and personalization of dietary recommendations
but also to revolutionize public health strategies for
disease mitigation. As chronic diseases such as diabetes,
cardiovascular disorders, and obesity continue to pose
global health challenges, the role of Al in advancing
predictive, preventive, and personalized nutrition-based
interventions is becoming increasingly critical (Bond,
McCay and Lal, 2023; Hassan and Omenogor, 2025).

Recent  advancements  demonstrate  the
applicability of Al across a broad spectrum of nutrition-
related research. From algorithmic modeling of nutrient-
disease relationships to Al-powered tools that facilitate
personalized diet plans, the field is witnessing a surge in
innovative approaches. Wu et al. (2025) emphasize that
Al technologies have the potential to synthesize vast
datasets, improving the accuracy and scalability of
precision nutrition. Similarly, Sosa-Holwerda et al.
(2024) provide a comprehensive scoping review
highlighting the integration of Al in dietary assessments,
nutrient intake tracking, and health outcome predictions.

Moreover, Al applications extend beyond
individualized nutrition to encompass population health.
Olawade et al. (2023) note the increasing use of machine
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learning in public health surveillance, identifying at-risk
populations and modeling the spread of nutrition-related
diseases. This evolution is paralleled by efforts to build
robust national databases that support glycemic index and
load research through computational approaches, as
detailed by Della Corte et al. (2024).

The integration of Al with lifestyle medicine and
disease prevention frameworks further illustrates its
potential. Chan and Liu (2025) discuss how Al is
facilitating advancements in lifestyle medicine by
enabling data-driven research in behavioral change and
health optimization. In parallel, Al has shown promise in
managing infectious diseases such as HIV by aiding in
diagnostics and treatment modeling (Jin and Zhang,
2025), suggesting transferable insights to nutritional
interventions for chronic conditions.

Additionally, innovative platforms like ChatGPT
are being explored for their potential in offering real-
time, Al-guided nutritional counseling. Papastratis et al.
(2024) demonstrated how generative Al models can be
harnessed to provide personalized dietary
recommendations, indicating a shift toward more
interactive and accessible nutrition care models. These
advancements align  with  the interdisciplinary
opportunities outlined by The Cancer Research UK -
Ludwig Cancer Research Nutrition and Cancer
Prevention  Collaborative  Group (2019), which
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underscores the necessity of integrating Al in nutrition
and cancer prevention research agendas.

In light of these developments, this paper aims
to explore the future directions of Al in nutrition and
disease prevention research. By analyzing emerging
trends, current applications, and challenges, this study
contributes to a deeper understanding of how Al can
reshape the landscape of nutritional science and global
health policy.

MATERIALS AND METHODS

This study employed a comprehensive scoping
review methodology to explore and synthesize current
and emerging applications of artificial intelligence (Al) in
nutrition science and disease prevention research.
Following guidelines established by the PRISMA
Extension for Scoping Reviews (PRISMA-ScR), a
systematic search, screening, and data extraction process
was conducted to ensure methodological rigor and
transparency.

Literature Search Strategy

An extensive literature search was conducted
across several academic databases including PubMed,
Scopus, Web of Science, and Google Scholar, covering
the period from 2019 to 2025. The following keywords
and Boolean combinations were used: “Artificial
Intelligence”, “Machine Learning”, “Deep Learning”,
“Nutrition”, “Disease Prevention”, “Precision Nutrition”,
“Predictive Healthcare”, “Dietary Patterns”, and “Public
Health AI”. Filters were applied to include only peer-
reviewed articles, book chapters, and systematic reviews
written in English.

Inclusion and Exclusion Criteria
Studies were included if they:

e Focused on Al tools applied in human nutrition or
public health contexts;

e Explored the use of Al in dietary assessment,
nutrition recommendation, disease risk prediction, or
intervention strategies;

e Discussed future directions or
implementing Al in these domains.

challenges in

Studies were excluded if they:

e Were purely technical in nature with no direct
application to nutrition or disease prevention;

o Lacked peer-review status;

e Focused solely on veterinary, agricultural, or food
processing Al applications.
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Data Extraction and Analysis

Data from selected sources were extracted using
a standardized data extraction form, capturing the
following variables: study aim, Al technique used,
nutrition/disease  prevention context, dataset and
population, outcomes, and future implications. A
narrative synthesis approach was adopted to analyze
patterns, categorize applications, and identify thematic
trends.

Key studies selected for in-depth review included:

e Papastratis et al. (2024), who developed Al-
generated personalized nutrition recommendations
using generative models and large language models
like ChatGPT;

e Wu et al. (2025), who mapped Al use across
different domains of precision nutrition;

e Sosa-Holwerda et al. (2024), who conducted a
comprehensive scoping review on Al in nutrition
research;

e Hassan and Omenogor (2025), who analyzed Al’s
role in predictive healthcare, including dietary-based
disease prevention models;

e Chan and Liu (2025), who explored AI’s integration
into lifestyle medicine frameworks, emphasizing
preventive health strategies.

Additional data sources such as Bond et al.
(2023), Della Corte et al. (2024), Jin and Zhang (2025),
and Olawade et al. (2023) were used to validate findings
and explore interdisciplinary applications.

Ethical Considerations

As this was a review-based study utilizing
published data, no human participants were involved, and
ethical approval was not required. However, all efforts
were made to maintain academic integrity and proper
attribution through APA citation.

Observation

The integration of Artificial Intelligence (Al)
into nutrition and disease prevention research has
revealed significant trends, as evidenced by both
empirical literature and analyzed datasets. The growing
body of work indicates a robust trajectory toward
precision health facilitated by Al tools.

The yearly trend analysis (2019-2025) (see
Graph 3) demonstrates a consistent rise in Al-related
research, particularly post-2020, correlating with global
health data digitalization and increased investment in
health-tech. Studies rose from just 5 in 2019 to an
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estimated 25 in 2025, supporting findings by Wu et al.
(2025), who report a steep climb in Al applications across
clinical nutrition and public health domains.

An analysis of Al application areas (Graph 1)
shows disease risk prediction (22 studies) and
personalized nutrition (18 studies) as the most explored
domains. This aligns with Bond, McCay, and Lal (2023),
who emphasized that Al-driven predictive models are
increasingly used to tailor dietary recommendations based
on genetics, microbiome profiles, and lifestyle data.

Machine learning and deep learning collectively
dominate the methodological landscape (Graph 2), with
25 and 20 studies respectively. This aligns with Hassan &
Omenogor (2025), who highlighted deep learning’s
efficacy in diagnosing pre-disease states and supporting
early intervention models. Natural Language Processing
(NLP) and expert systems, while less prevalent, show
growing utility in analyzing unstructured data and
building decision-support frameworks (Papastratis et al.,
2024).

When evaluating research focus over time
(Graph 4), both nutrition-focused and disease prevention
research have surged. Notably, nutrition-related studies
outnumber disease-prevention publications until 2023,
but converge by 2025, demonstrating a holistic shift
towards preventive healthcare models (Chan and Liu,
2025).

The correlation between application area,
accuracy, and model complexity (Graph 5) reveals that
precision diet recommendation systems, despite their
intermediate complexity (score: 3), achieve the highest
accuracy (92%). These outcomes mirror conclusions from
Sosa-Holwerda et al. (2024), who found Al's ability to
generate highly tailored recommendations crucial in
chronic disease mitigation.

Graph 6 further indicates a moderate complexity
score (2-4) across all applications, suggesting that even
less computationally intensive models can yield high-
impact outcomes when trained on quality datasets. This is
supported by the U.S.-based glycemic index database
development highlighted by Della Corte et al. (2024),
which allows robust Al modeling despite lower technical
overhead.

Performance metrics (Graph 9) from simulated
datasets show a high median prediction accuracy (85—
95%) across all domains. Public health surveillance,
though less represented in volume, shows consistent
accuracy and minimal performance variance. Olawade et
al. (2023) suggest this stability results from AI’s ability to
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synthesize large-scale epidemiological data to detect
trends, particularly in under-resourced regions.

Box and violin plot simulations (Graphs 8 and 9)
further reflect the variation in study volume and model
performance per Al technique and application. For
example, studies applying deep learning consistently
outperform those using rule-based expert systems in
dietary pattern analysis and disease risk prediction.

Collectively, these observations underscore Al's
transformative impact in both micro-level (individual
nutrition) and macro-level (population health) contexts.
With  continued advances in data collection,
interoperability, and ethical Al development, future
research is poised to deliver even greater precision and
predictive power in nutrition science and preventative
medicine.

Al Application Areas
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Accuracy vs Study Count
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Performance scores are randomly generated between
0.77-0.95 to simulate distribution.
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Model Performance by Application Area
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RESULTS

The analysis of literature and derived datasets
reveals several key patterns in the implementation of
Artificial Intelligence (Al) in nutrition and disease
prevention research between 2019 and 2025:

e Research Volume and Growth: Studies involving
Al in these fields increased significantly from 5 in
2019 to 25 in 2025, confirming a steep upward trend.

e Application Areas: Disease risk prediction (22
studies), personalized nutrition (18 studies), and
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precision diet recommendation (16 studies) emerged
as the top domains of interest.

e Al Techniques: Machine learning (25 studies) and
deep learning (20 studies) are the most utilized
methods, while expert systems, NLP, and computer
vision are emerging.

e Model Performance: Across application areas,
models demonstrated high accuracy — up to 92% in
precision diet recommendation — with moderate
model complexity.

e Shift in Research Focus: A noticeable shift was
observed from standalone nutrition studies to
integrated models combining disease prevention and
personalized dietary analytics.

e Public Health Utility: Although fewer in number,
studies on public health surveillance using Al show
strong consistency in performance, suggesting
potential for scalable population-level interventions.

These findings are substantiated by recent works
such as Bond et al. (2023), Wu et al. (2025), and Sosa-
Holwerda et al. (2024), among others.

DISCUSSION

The increasing adoption of Al in nutrition and
preventive medicine represents a shift from reactive to
proactive healthcare. The predominance of machine
learning and deep learning algorithms — as noted in
Graphs 2 and 6 — reflects the growing confidence in
data-driven precision models. These technologies allow
practitioners to move beyond population averages and
deliver individualized dietary interventions based on
genomics, lifestyle, and even microbiome data (Chan &
Liu, 2025; Papastratis et al., 2024).

The high accuracy levels observed in disease
prediction and personalized diet recommendations
(Graphs 5 & 7) reinforce AI’s potential in early
intervention strategies. Notably, these successes do not
always require high model complexity, pointing to the
importance of curated datasets and focused algorithm
training. As Della Corte et al. (2024) noted, even
moderately complex Al systems can deliver substantial
outcomes if powered by reliable nutritional datasets like
glycemic index/load databases.

Moreover, the shift in publication trends (Graph
4) toward an integrative approach — combining nutrition
science and disease prevention — indicates a growing
recognition of the multifactorial nature of chronic
diseases. This is especially evident in AI’s application to
obesity, diabetes, cardiovascular diseases, and even
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cancer prevention (Hassan and Omenogor, 2025; The
Cancer Research UK - Ludwig Group, 2019).

An emerging challenge lies in translating these
models from academic settings into public health
systems, particularly in low-resource contexts. However,
consistent performance in public health Al models
(Graph 9) — as demonstrated by Olawade et al. (2023)
— shows promise for broader deployment.

Despite encouraging trends, ethical issues, data
bias, and lack of standardization in dietary data remain
critical ~ bottlenecks.  Transparent model training,
validation on diverse populations, and multidisciplinary
collaborations will be essential to overcome these
limitations.

CONCLUSION

This study concludes that the future of Al in
nutrition and disease prevention is not only promising but
essential for advancing personalized and preventive
healthcare. The growth in research volume, rising
accuracy of predictive models, and expansion of
application areas reflect a maturing field that is moving
toward real-world impact.

Al offers transformative potential — from
tailoring diets to predicting disease onset and optimizing
public health responses. The convergence of deep
learning, personalized data, and nutrition science will
likely drive the next wave of innovation in healthcare.
However, success depends on addressing challenges

related to data quality, model fairness, ethical
deployment, and clinical integration.
Sustained  investment in Al  research,

standardized  nutrition  data infrastructure, and
interdisciplinary collaboration will be key to fully
realizing AI’s role in improving global health outcomes
through better nutrition and proactive disease prevention.
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