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ABSTRACT

This chapter explores the intersection of personalized nutrition and artificial in-
telligence (AI) in transforming dietary planning for optimal health. Personalized 
nutrition focuses on tailoring dietary recommendations based on an individual’s 
unique genetic makeup, lifestyle, and health conditions. AI plays a pivotal role in 
this field by processing vast amounts of data to offer precise, dynamic, and scalable 
dietary plans. The chapter delves into AI-​driven tools, such as machine learning 
algorithms and predictive analytics, which enable real-​time, data-​driven dietary 
advice. Furthermore, it examines how AI enhances food tracking, nutrient analysis, 
and the creation of personalized meal plans, leading to better health outcomes, 
weight management, and chronic disease prevention. Through these innovations, 
AI offers a promising future for individualized health optimization and wellness.
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THE PARADIGM SHIFT IN NUTRITIONAL SCIENCE

The Traditional Model: One-​Size-​Fits-​All Nutrition

For much of the 20th and early 21st centuries, nutritional advice revolved around 
generalized guidelines created to benefit the majority of the population. Models 
like the USDA Food Pyramid (introduced in 1992) and MyPlate (launched in 2011) 
simplified complex nutritional information into visually digestible formats. Their 
objective was noble: prevent malnutrition, encourage balanced eating, and curb the 
rising prevalence of lifestyle diseases.

However, over time, cracks began appearing in this one-​size-​fits-​all framework. 
Despite wide dissemination and public education efforts, chronic conditions such 
as obesity, diabetes, cardiovascular disease, and metabolic syndrome continued to 
escalate. Researchers began to notice that even among individuals who adhered 
strictly to dietary recommendations, outcomes varied considerably. Some experi-
enced significant improvements in health, while others saw little change—or even 
deterioration.

This realization sparked a fundamental shift in nutritional science. It became 
increasingly clear that population-​wide dietary guidelines, while useful as a broad 
starting point, failed to account for the nuanced variations among individuals. It 
was no longer sufficient to assume that what was “healthy” for one person would 
be equally beneficial for another (Agrawal et al., 2025).

Table 1. Contrasting the traditional and personalized nutrition paradigms

Aspect Traditional Model (One-​Size-​Fits-​All) Personalized Nutrition Model (Data-​
Driven)

Philosophical 
Basis

Population-​level averages and 
generalized healthy eating patterns.

Individual-​level variability and unique 
biological responses.

Primary Data 
Inputs

Demographic data (age, sex), basic 
anthropometrics (height, weight).

Multi-​omics (genomic, metabolomic, 
microbiome), continuous biometrics 

(CGM, activity monitors), detailed lifestyle 
logs.

Method of 
Recommendation

Static dietary guidelines (e.g., RDA, 
MyPlate).

Dynamic, algorithmic models that integrate 
diverse data streams to generate tailored 

advice.

Inherent 
Limitations

Fails to account for significant 
inter-​individual variation, leading to 

suboptimal outcomes for many.

Complexity of data integration, cost, 
potential privacy concerns, and risk of 

algorithmic bias.

Outcome 
Variability

High variability in efficacy; the 
same diet produces divergent health 

outcomes across a population.

Aims for lower variability and higher 
efficacy by aligning interventions with 

individual phenotypes.
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