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RESUMEN

El objetivo del presente trabajo es explorar la relación entre las NUSH y el peso corporal 

mediante modelado matemático. Se recopilaron datos sobre el índice de masa corporal 

(IMC) elevado provenientes de meta-análisis disponibles en la base de datos PubMed, 

utilizando terapias basadas en incretinas. Se desarrolló un modelo matemático mediante 

software para integrar las interacciones entre los niveles de NUSH y las variaciones en 

el IMC. El modelo capturó la dinámica compleja de las NUSH y los «loops» de 

retroalimentación involucrados en la regulación hormonal relacionada con la obesidad, 

empleando ecuaciones diferenciales y técnicas estadísticas. La estimación de 

parámetros se realizó a partir de los resultados de los meta-análisis para minimizar la 

discrepancia entre las predicciones del modelo y los datos observados. Este estudio 

incluyó 15 meta-análisis sobre liraglutida, semaglutida y tirzepatida para el tratamiento 

de la obesidad. Se desarrolló un modelo matemático para comprender la dinámica de las 

NUSH en relación con la obesidad. El modelo dedujo la fórmula: NUSH(t) = N0 * (1 - 

e^(-kt)) + I * [1 - e^(-βt)] / β, que considera los niveles de NUSH a lo largo del tiempo, 

niveles iniciales, tasa de decaimiento, impacto de la ingesta de nutrientes en la secreción 

hormonal y la tasa a la cual el efecto de la ingesta de nutrientes alcanza su máximo. La 

evaluación de la asociación entre las NUSH y el aumento del peso corporal mediante 

modelado matemático puede proveer insights sobre las complejas interacciones entre 

estímulos nutricionales, respuestas hormonales y desarrollo de la obesidad.
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ABSTRACT

This study aims to explore the relationship between NUSH and body weight using 

mathematical modelling. Data on elevated body mass index (BMI) were collected from 

meta-analysis studies available on PubMed, focusing on incretin-based therapies. A 

mathematical model was developed using software to integrate the interactions between 

NUSH levels and changes in BMI. The model captured the complex dynamics and 

feedback loops involved in obesity-related hormonal regulation, employing differential 

equations and statistical techniques. Parameter estimation was performed using meta-

analysis results to minimize the discrepancy between model predictions and observed 

data. This study included 15 meta-analysis studies on liraglutide, semaglutide, and 

tirzepatide for the treatment of obesity. A mathematical model was developed to 

understand NUSH dynamics in relation to obesity. The model derived the formula: 

NUSH(t) = N₀ * (1 - e^(-kt)) + I * [1 - e^(-βt)] / β. This formula considers NUSH levels 

over time, initial levels, decay rate, the impact of nutrient intake on hormone secretion, 

and the rate at which the effect of nutrient intake reaches its maximum. Evaluating the 

association between NUSH and increased body weight through mathematical 

modelling can provide valuable insights into the complex interactions between nutrient 

stimuli, hormonal responses, and obesity development.
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INTRODUCTION
Obesity is a complex metabolic disorder characterized by 

excessive adipose tissue accumulation, resulting from an 
(1)imbalance between energy intake and expenditure . The 

intricate interplay between nutrient-stimulated hormones 

(NUSH) and their dynamic regulation has been implicated in 
(2)the pathophysiology of obesity , attracting the attention of 

researchers in the field of endocrinology. The concept of NUSH 

refers to the dynamic interaction between dietary components 

and the endocrine system, leading to modulation of hormone 
(3)secretion and subsequent metabolic alterations .

Several hormones, including insulin, incretin, glucagon, leptin, 

ghrelin, and adiponectin, are prominently involved in the 
(4)NUSH response . These hormones act as physiological 

messengers, conveying information about the body's 

nutritional state to specific organs and tissues, allowing 

adjustments in energy balance, nutrient uptake, and 
(5)utilization .

Understanding the mechanisms underlying the interaction 

between nutrients and hormones secretion has significant 

implications for the prevention and management of metabolic 

disorders, such as obesity, type 2 diabetes, and cardiovascular 
(6)diseases . Modern research techniques offer indispensable 

tools for the analysis of large-scale omics data and the 

integration of multidimensional datasets involved in NUSH 

regulation. Genomic, transcriptomic, proteomic, and 

metabolomic analyses provide valuable insights into gene 

expression, protein-protein interactions, and metabolic profiles 

underlying hormonal dynamics. Computational simulations 

allow the generation of mathematical models that can simulate 

and predict hormonal dynamics under various physiological 
(7)and pathophysiological conditions .

The development of mathematical models using state-of-the-

art software tools has emerged as a powerful tool to understand 

the complex interplay between NUSH dynamics and feedback 
(8)loops in obesity . By integrating experimental data and 

computational simulations, mathematical models enable the 

investigation of the underlying mechanisms contributing to 
(9)hormonal dysregulation in obesity .

This study aims to develop a mathematical model to explore the 

relationship between NUSH and body weight.

METHODS
The choice of software to simulate NUSH dynamics was based 

on factors such as functionality and model complexity. 

Therefore, we used Microsoft Excel, R-4.5.1. (public domain 

software), and Python (a free and open-source option with an 

active developer community) high-level programming 

language with libraries for modeling, simulation, and data 

analysis.

Obesity data was collected from meta-analysis studies, 

available in full text and free of charge on PubMed, which used 

incretin-based therapies (liraglutide, semaglutide, and 

tirzepatide). The meta-analyses included in this study 

encompassed data from individuals with varying degrees of 

overweight and obesity undergoing pharmacological 
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This formula incorporated the exponential decay for the basal 

NUSH level over time in the context of obesity and incretin-

based treatment response, as well as the impact of nutrient 

intake on hormone secretion. The decay parameter (k) reflects 

the rate at which NUSH levels change in response to therapeutic 

intervention and metabolic adaptation in obese individuals, 

independent of age or sex, though these variables may influence 

individual parameter values in clinical applications. Therefore, 

kt represents the exponential decay rate over time (t), i.e., the 

higher the value of k, the faster the NUSH level decays; while βt 

represents the rate at which the effect of nutrient intake (I) 

reaches its maximum impact. The higher the value of β, the 

faster the effect of intake is reached.

Thus, the proposed formula uses exponential functions to 

describe the natural decay of NUSH levels over time (first term) 

and the gradual increase in the impact of nutrient intake on 

hormone secretion (second term).

To develop a comprehensive NUSH secretion formula that 

integrates with a model of energy balance and body weight 

regulation, we need to consider the dynamic interactions 

between NUSH, appetite, energy expenditure, and body weight 

changes. Step-by-step approach:

Appetite Regulation:

NUSH influences appetite through their actions on the 

hypothalamus. Leptin promotes satiety, while ghrelin 

stimulates hunger. Insulin also affects appetite, but its effects 

are more complex. We can represent this relationship using 

equations that incorporate NUSH concentrations:

Appetite(t) = a₀ - a₁ * leptin(t) + a₂ * ghrelin(t) + a₃ * insulin(t)

where:

Appetite(t): represents appetite level at time t

a₀: is a constant representing baseline appetite

a₁, a₂, and a₃: are constants representing the effects of leptin, 

ghrelin, and insulin on appetite, respectively

leptin(t), ghrelin(t), and insulin(t): are the concentrations of 

leptin, ghrelin, and insulin, respectively.

Energy Expenditure:

NUSH also influences energy expenditure through 

thermogenesis and physical activity. Leptin can increase 

thermogenesis, while ghrelin may suppress it. Insulin's effects 

on energy expenditure are complex and involve interactions 

with other hormones. We can represent this relationship using 

equations that incorporate NUSH concentrations:

EnergyExpenditure(t) = b₀ + b₁ * leptin(t) + b₂ * ghrelin(t) + b₃ * 

insulin(t)

where:

EnergyExpenditure(t): represents energy expenditure at time t

b₀: is a constant representing basal metabolic rate

b₁, b₂, and b₃: are constants representing the effects of leptin, 

ghrelin, and insulin on energy expenditure, respectively

leptin(t), ghrelin(t), and insulin(t): are the concentrations of 

leptin, ghrelin, and insulin, respectively.

intervention with incretin-based therapies. The mathematical 

model was developed based on hormonal dynamics observed in 

these populations under therapeutic intervention. Normal-

weight individuals were not included in the primary model 

development, as the focus was on understanding NUSH 

dynamics in the context of obesity treatment. Future validation 

studies should include comparisons between normal-weight 

and obese individuals to establish baseline parameters and 

evaluate the model's applicability across different nutritional 

states.

After data collection, a mathematical model was developed 

using the software described above. The model integrated the 

interactions between NUSH levels, nutrient intake, and 

changes in body weight. Based on differential equations and 

statistical techniques, the model accurately captured the 

complex dynamics and feedback loops involved in obesity-

related hormonal regulation.

Parameter estimation was performed using optimization 

algorithms. These algorithms adjusted the model parameters to 

minimize the discrepancy between model predictions and 

observed data. Sensitivity analysis was also conducted to 

identify the key parameters with the greatest impact on NUSH 

dynamics and obesity development.

Finally, simulation studies were performed using the developed 

mathematical model. These simulations explored the effects of 

different nutrient intake patterns and hormonal dysregulation 

on changes in body weight.

ETHICAL CONSIDERATIONS

As this study is a secondary analysis of previously published 

data, it did not require approval from an ethics committee. This 

is because secondary analyses do not involve direct contact 

with human subjects.

RESULTS
A total of 15 meta-analyses were included in this study, which 

evaluated liraglutide, semaglutide, and tirzepatide for the 
(10-24)treatment of obesity .

To develop a mathematical model for NUSH dynamics and its 

relationship with weight, the following variables were 

considered:

NUSH(t): NUSH levels at time t

N₀: Basal NUSH levels

e: Euler's number (approximately 2.71828)

^: indicates that "e" is raised to the power in parentheses

k: NUSH decay rate

I: Impact of nutrient intake on NUSH secretion

β: Rate at which the effect of nutrient intake reaches its 

maximum

t: Time

The following formula was developed: NUSH(t) = N₀ * (1 - e^(-

kt)) + I * [1 - e^(-βt)] / β

20REV ARGENT ENDOCRINOL METAB. 2026; 63 #1



Energy Balance and Body Weight:

Energy balance is the difference between energy intake and 

energy expenditure. Body weight changes occur when energy 

balance is not zero. We can represent this relationship using an 

equation:

d B o d y We i g h t / d t  =  c  *  ( N u t r i e n t I n t a k e ( t )  - 

EnergyExpenditure(t))

where:

dBodyWeight/dt: represents the rate of change in body weight

c: is a constant representing the conversion factor between 

energy balance and body weight changes

NutrientIntake(t): represents nutrient intake at time t

EnergyExpenditure(t): represents energy expenditure at time t.

Thus, we can integrate the NUSH secretion formula into this 

energy balance model by substituting the NUSH concentrations 

(leptin(t), ghrelin(t), and insulin(t)) with their respective 

secretion formulas:

Appetite(t) = a₀ - a₁ * [N₀ * (1 - e^(-kt)) + I * [1 - e^(-βt)] / β](t) + 

a₂ * [N₀ * (1 - e^(-kt)) + I * [1 - e^(-βt)] / β](t) + a₃ * [N₀ * (1 - e^(-

kt)) + I * [1 - e^(-βt)] / β](t)

Energy Expenditure(t) = b₀ + b₁ * [N₀ * (1 - e^(-kt)) + I * [1 - e^(-

βt)] / β](t) + b₂ * [N₀ * (1 - e^(-kt)) + I * [1 - e^(-βt)] / β](t) + b₃ * 

[N₀ * (1 - e^(-kt)) + I * [1 - e^(-βt)] / β](t)

Determining precise numerical values for the constants in the 

NUSH secretion and body weight regulation model requires a 

comprehensive approach that integrates experimental data, 

physiological modeling, and parameter calibration techniques. 

While specific values may vary depending on the individual 

and the context, the general range of values that could be 

considered for these constants would be:

N₀: Initial NUSH Concentration: N₀ represents the initial 

concentration of NUSH in the system. Typical values for N₀ 

range from 10 to 100 ng/mL, with variations depending on 

factors such as body fat percentage and nutritional status.

k: Rate Constant for NUSH Secretion: k represents the rate 

constant for NUSH secretion from adipose tissue. Typical 

values for k range from 0.05 to 0.2 per day, indicating that 

NUSH secretion levels gradually increase over time.

β: Rate Constant for NUSH Response to Nutrient Intake: β 

represents the rate constant for the NUSH response to nutrient 

intake. Typical values for β range from 0.5 to 1 per day, 

reflecting the rapid increase in NUSH secretion following a 

meal.

I: Constant Related to NUSH Response Magnitude: I represents 

the constant related to the magnitude of the NUSH response to 

nutrient intake. Typical values for I range from 50 to 200 

ng/mL, indicating the extent of the NUSH secretion surge 

following a meal.

a₀: Basal Appetite Level: a₀ represents the basal appetite level in 

the absence of hormonal influences. Typical values for a₀ range 

from 0 to 10 arbitrary units, reflecting the individual's baseline 

hunger sensation.

a₁: Leptin Effect on Appetite: a₁ represents the effect of leptin on 

appetite suppression. Typical values for a₁ range from -0.1 to -

0.5 arbitrary units per ng/mL, indicating the strength of leptin's 

ability to reduce hunger.

a₂: Ghrelin Effect on Appetite: a₂ represents the effect of ghrelin 

on appetite stimulation. Typical values for a₂ range from 0.1 to 

0.5 arbitrary units per ng/mL, indicating the strength of 

ghrelin's ability to increase hunger.

a₃: Insulin Effect on Appetite: a₃ represents the effect of insulin 

on appetite regulation. Typical values for a₃ range from -0.05 to 

0.05 arbitrary units per ng/mL, reflecting the complex and 

context-dependent influence of insulin on appetite.

b₀: Basal Metabolic Rate: b₀ represents the basal metabolic rate 

(BMR), the energy expenditure at rest. Typical values for b₀ 

range from 1000 to 2000 kcal per day, depending on factors 

such as age, gender, and body composition.

b₁: Leptin Effect on Energy Expenditure: b₁ represents the effect 

of leptin on thermogenesis, the heat production associated with 

metabolism. Typical values for b₁ range from 0.01 to 0.05 kcal 

per day per ng/mL, indicating the extent to which leptin 

increases thermogenesis.

b₂: Ghrelin Effect on Energy Expenditure: b₂ represents the 

effect of ghrelin on energy expenditure. Typical values for b₂ 

range from -0.01 to -0.05 kcal per day per ng/mL, reflecting the 

potential of ghrelin to suppress thermogenesis.

b₃: Insulin Effect on Energy Expenditure: b₃ represents the 

effect of insulin on energy expenditure. Typical values for b₃ 

range from -0.02 to 0.02 kcal per day per ng/mL, indicating the 

complex and context-dependent influence of insulin on energy 

expenditure.

c: Energy Balance Conversion Factor: c represents the 

conversion factor between energy balance and body weight 

changes. Typical values for c range from 0.001 to 0.005 kg per 

kcal, indicating the rate at which energy balance translates into 

body weight gain or loss.

It's important to note that these are just general ranges, and the 

specific values for these constants may vary significantly 

depending on individual characteristics, dietary patterns, and 

physiological conditions. Moreover, the NUSH secretion and 

body weight regulation model is a complex system that 

incorporates multiple interacting components. Accurately 

determining the values of these constants requires a 

comprehensive approach that integrates experimental data, 

physiological modeling, and parameter calibration techniques.

Thus, validation of the NUSH(t) formula with more data is 

fundamental to ensure that it reliably represents reality. Without 

validation, the formula is just an untested hypothesis. 

Validation involves comparing the results of the formula with 

real experimental data.
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DISCUSSION
To elucidate the intricate interplay between NUSH dynamics 

and their impact on body weight regulation, this study 

employed mathematical calculus tools to develop a 

mathematical formula tailored to the proposed objective. To the 

best of our knowledge, this stands as the first mathematical 

model to shed light on the complex interaction between NUSH 

dynamics and their influence on body weight regulation.

NUSH dynamics play a pivotal role in orchestrating energy 

balance and body weight regulation. Hormones such as insulin 

and incretins are intricately involved in sensing nutrient 

availability and relaying signals to the brain to modulate food 
(25)intake and energy expenditure . Furthermore, ghrelin has been 

shown to stimulate appetite and promote energy storage. These 

hormones, along with a myriad of others, form a complex 

network that orchestrates the delicate balance between energy 

intake and expenditure, ultimately influencing the development 
(26)and progression of obesity . Therefore, unraveling the 

nuances of the interactions and dynamics of these NUSH is 

paramount to deciphering the mechanisms driving the 

pathogenesis of obesity and developing effective therapeutic 

interventions.

Studies involving long-acting glucagon-like peptide-1 (GLP-1) 

receptor agonists have shown that targeting nutrient-stimulated 

endogenous hormone pathways can lead to enhanced efficacy 
(27)with an acceptable safety profile . Glucose-dependent 

insulinotropic polypeptide (GIP) plays a significant role in 

energy balance via signaling of its receptor in the brain and 
(28)adipose tissue . Theoretically, by combining GIP and GLP-1 

receptor agonism, it is possible to achieve greater effectiveness 

in weight reduction strategies. Our study evaluated 15 meta-

analyses, including the incretins liraglutide, semaglutide, and 

tirzepatide for the treatment of obesity.

The development of a mathematical model in medicine 

involves a systematic process that combines principles of 
(29)mathematics and medical sciences . The first step typically 

includes a comprehensive literature review to identify relevant 

biological processes, clinical observations, and available data 

sources. Next, appropriate mathematical equations and 

algorithms are selected or developed to capture the essential 
(30)dynamics of the system under study . The integration of 

genomic data or molecular modeling is often crucial to increase 
(31)the accuracy of a mathematical model . Various software 

packages are frequently utilized to implement and simulate 

mathematical models. Finally, the mathematical model is 

validated against experimental or clinical data and refined 

through iterations to improve its predictive capability and 
(32)practical applicability . Our work developed a mathematical 

model to assess the relationship between NUSHs and body 

weight gain. Based on existing research in this area, we 

carefully selected meta-analysis studies to underpin the 

foundations of our model. The process involved 15 meta-

analyses, available in the Pubmed database, on three NUSHs, 

liraglutide, semaglutide, and tirzepatide, and their interactions 

with metabolic processes in obesity treatment. Mathematical 

techniques, including differential equations, were applied to 

represent the dynamics of these hormones and their impact on 

body weight regulation. Thus, our model captured the intricate 

interplay between NUSHs and obesity.

The mathematical modeling in our study, however, presents 

limitations such as: the complexity of biology, as the developed 

mathematical formula captured only some aspects of the 

interactions between NUSH and obesity, while ignoring other 

potentially important factors; the precision of the data, as the 

quality and quantity of data used to adjust the parameters of the 

formula can significantly influence its accuracy; external 

validation, as validating the developed formula with data from 

the study in which it was created is just a first step, and it is 

necessary to validate it with data from different studies, 

populations, and contexts to ensure its reliability in different 

scenarios.

We consider mathematical modeling an important tool for the 

initial approach to the complex system between obesity and its 

relationship with NUSH. Therefore, understanding the 

theoretical framework presented here exemplifies the power of 

mathematical modeling. With the insights obtained from the 

proposed model, it may be possible to guide new experiments 

targeting key incretins involved in the treatment of obesity. 

Thus, the proposed formula could be used to: simulate the 

dynamics of NUSH in different scenarios, evaluate the impact 

of different interventions on NUSH levels and energy 

metabolism, and identify potential therapeutic targets for 

obesity.

In this way, this work expands into the growing field of 

mathematical modeling in medicine, providing an 

experimental tool for studying the dynamics of NUSH and its 

relationship with obesity. However, validating the proposed 

formula with additional data is essential to ensure that it is a 

reliable tool for studying the dynamics of NUSH and its 

correlation with body weight gain. Without validation, 

conclusions drawn from the proposed formula may be 

erroneous and lead to misleading results.

CONCLUSION
The evaluation of the association between NUSH and obesity 

through mathematical modeling can provide insights into the 

complex interactions between nutritional stimuli, hormonal 

responses, and the development of obesity. Thus, the NUSH(t) 

formula is a further step in this direction, however, it needs to be 

validated with more data to be considered a reliable tool. 

Validation with broader and more diversified datasets will 

bolster the robustness of the proposed formula, enable the 

delineation of its constraints, and facilitate its application in 

prospective studies and clinical practice. This work constitutes 

the inaugural step in a trajectory oriented toward the 

development of mathematical models capable of encapsulating 
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the intricate dynamics of hormonal interactions governing body 

fat accretion or depletion within multifactorial contexts. 

Although empirical validation of these models poses significant 

challenges, owing to the inherent complexity and variability of 

human biological systems, the theoretical framework 

delineated herein furnishes a sturdy foundation for directing the 

design of controlled experiments and the formulation of 

personalized clinical interventions, harboring the potential to 

substantially augment therapeutic strategies in obesity 

management.

Conflict of Interest: none.
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