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Abstract

The Heston model, widely used in financial markets to characterize stochastic volatility, may have innovative applications to
predict volatility in medicine and healthcare. This article hypothesizes potential uses of the Heston model to quantify volatility
in epidemiology, pharmacology, healthcare operations, medical imaging, and biological systems. Conceptually, the ability of
the model to quantify unpredictability could provide insight into complex medical processes with inherent variability. Specific
ideas proposed include modeling disease spread dynamics, optimizing personalized drug dosing, forecasting healthcare service
demand, analyzing signal fluctuations in medical images, and elucidating variability in biological systems such as heart rate and
neural activity. However, significant research and rigorous testing would be required to determine the feasibility and validity
of applying the Heston model in these contexts. Tailoring the model to capture many interacting variables in biological and
medical systems poses challenges. Nonetheless, the hypothetical connections between the Heston model’s capabilities to predict

volatility and potential medical applications merit further exploration.
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tually, the ability of the model to quantify unpredictability could provide
insight into complex medical processes with inherent variability. Specific
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sonalized drug dosing, forecasting healthcare service demand, analyzing
signal fluctuations in medical images, and elucidating variability in biolog-
ical systems such as heart rate and neural activity. However, significant
research and rigorous testing would be required to determine the feasibil-
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the model to capture many interacting variables in biological and medical
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1 Introduction

The Heston model, introduced by Steven Heston in 1993, is a mathematical framework
that delineates the evolution of volatility in financial markets [1]. It is a widely used
stochastic volatility model to price European options. The model posits that volatility
is a random process subject to mean reversion, which describes its natural inclination
toward a long-term mean. This characteristic enables the Heston model to represent



the volatility smile effectively. In this phenomenon, the implied volatility of options
deviates from predictions made by the classical Black-Scholes model, which does not
account for changes in volatility over time. While traditionally applied to financial
contexts, the theoretical underpinnings of the Heston model may hold potential for
addressing medical research issues, particularly in areas where volatility is a significant
factor, such as epidemiological data, drug response variability, and healthcare demand
forecasting.

The Heston model is defined by two stochastic differential equations: one for the
asset price and the other for the variance of the asset price. The asset price follows
a geometric Brownian motion, and the variance follows a mean-reverting square-root
process. The model is mathematically expressed as:

dSy = pSidt + /0 SpdWP

dvy = k(0 — vy)dt + o\ /vedWY

where:

- S; is the asset price at time ¢,

- v; is the variance of the asset price at time ¢,

- 1 is the rate of return of the asset,

- k is the rate of mean reversion,

- 0 is the long-term average variance,

- 0 is the volatility of the volatility,

- W? and W} are two Wiener processes with correlation p.

The Heston model’s ability to model stochastic volatility makes it a valuable tool
for traders and risk managers in the financial industry. It is particularly useful for
pricing options on assets with volatile prices, such as stocks and commodities.

The Heston model’s parameters are critical in capturing the dynamics of the fi-
nancial markets. The mean reversion rate (k) influences how quickly the variance
reverts to its long-term average (0). A higher  indicates a faster adjustment to the
mean, which can indicate a market that reacts quickly to changes in variance. The
long-term average variance () is a measure of the equilibrium level of variance the
market expects over the long term. The volatility of volatility (o) parameter controls
the variance of the variance process, affecting the degree of uncertainty or confidence
in the variance forecasts.

The correlation parameter (p) between the Wiener processes W2 and W7 is also
significant. A negative p implies that an increase in the asset price is likely to be
accompanied by a decrease in volatility, a common observation in equity markets
known as the leverage effect.



Empirical studies have shown that, with its stochastic volatility feature, the Heston
model can outperform the Black-Scholes model, especially for long-dated options. The
model’s flexibility allows it to be calibrated to market data, providing more accurate
pricing of options across different strikes and maturities.

Incorporating the Heston model into trading and risk management strategies can
significantly enhance market analysis. For instance, the model’s parameters can be
estimated from market data, allowing traders to use it for real-time pricing and hedging
options. The model is particularly adept at pricing exotic options, such as Asian or
barrier options, which are sensitive to the underlying asset’s volatility path. Moreover,
the Heston model can be extended to multi-asset options by introducing additional
correlated variance processes for each asset.

The calibration of the Heston model to market data is a nontrivial task that often
requires sophisticated numerical techniques, such as the Fourier transform methods or
the use of characteristic functions. Once calibrated, the model can be used to generate
a volatility surface that is consistent with observed market prices of options, which in
turn can be used to price and hedge new option contracts.

The Heston model framework also facilitates the incorporation of jumps or spikes
in volatility, which can occur due to market events or announcements. This extension
can be particularly useful in today’s markets, where sudden shifts in volatility are
common and can have a significant impact on option prices (Naiga et al., 2022).

The practical applications of the Heston model extend beyond financial markets. It
has been utilized in various fields, such as energy economics, to forecast the volatility of
energy generation. The model’s adaptability allows it to be applied to different types
of data, including nonfinancial time series, where stochastic volatility is a factor. For
example, in the energy sector, the Heston model can be used to forecast the generation
of energy, which is crucial for planning and risk management purposes. The model’s
ability to provide closed-form solutions for option prices makes it computationally
efficient, which is particularly beneficial when dealing with large datasets or when
real-time computation is required.

Furthermore, the Heston model’s framework can be modified to account for specific
market conditions or characteristics of the data. This includes adjusting the model
to account for seasonal patterns, spikes, or long-term trends in energy generation or
consumption. By doing so, the model becomes a powerful tool for predicting financial,
operational, and strategic risks in various industries (Reichert and Souza, 2022).

The Heston model’s relevance is not limited to theoretical finance; it has practical
implications in financial engineering. The model’s parameters, once calibrated, can be
used to manage portfolio risk by providing a more accurate measure of the Greeks,
which are sensitivities of option prices to various factors. For instance, the Vega,
which measures sensitivity to volatility, can be more accurately estimated using the
Heston model because of its stochastic volatility feature. This allows for better hedging
strategies against volatility movements in the market.

Moreover, the Heston model can be employed in the valuation of volatility deriva-
tives, such as variance swaps, which allow investors to trade future realized volatility
against current implied volatility. The model’s ability to produce a volatility skew is
beneficial in these cases, as it aligns more closely with observed market prices than
simpler models like Black-Scholes.

In recent developments, the Heston model has been combined with machine learn-
ing techniques to further enhance its predictive power. Using artificial neural networks
to approximate the distribution of the underlying asset, researchers have been able to
significantly reduce computational time while maintaining high accuracy in option



pricing.

2 Potential Application in Medicine

The Heston model, primarily used in financial markets to model stochastic volatility,
could be adapted for medical research in several innovative ways:

2.1 Epidemiological Data Modeling

The concept of using the Heston model for Epidemiological Data Modeling is rooted
in the parallel between financial market volatility and the fluctuating nature of disease
spread. In financial contexts, the Heston model adeptly captures the erratic move-
ments of asset prices. Similarly, the spread of infectious diseases is not constant but
varies over time, influenced by numerous factors that can either dampen or exacerbate
transmission rates.

2.1.1 Modeling Disease Spread Dynamics

The model can be calibrated to reflect the unpredictable nature of how diseases spread
through populations. It can account for the 'volatility’ in infection rates, which may
surge or decline unexpectedly, much like financial market movements.

2.1.2 Incorporating External Interventions

Just as market shocks are factored into financial models, public health interventions
(such as vaccination campaigns, lockdowns, or public health advisories) can be mod-
eled as events that affect the ’volatility’ of disease spread. The Heston model could
potentially quantify the impact of these interventions on reducing or increasing the
variance of infection rates.

2.1.3 Social Behavior and Disease Transmission

Social behaviors have a significant impact on the spread of diseases. Changes in social
behavior, whether spontaneous or as a response to policy, can be likened to market
sentiment in finance. The Heston model could help us to understand and predict how
these behavioral changes affect the volatility of disease transmission.

2.1.4 Stochastic Volatility and Epidemic Phases

Different phases of an epidemic may exhibit different levels of volatility. For instance,
the initial outbreak might show high volatility in spread rates, which may stabilize
(mean-revert) as the population develops immunity or effective control measures are
implemented. The Heston model, with its mean-reverting feature, could capture this
aspect of epidemic progression.

2.1.5 Data-Driven Public Health Responses

By modeling the variance in disease spread, public health officials could use the Heston
model to develop more responsive strategies. If the model predicts high volatility
in spread rates, it could signal the need for more aggressive interventions. On the



contrary, low volatility might suggest a period of relative stability where it could be
safe to relax certain measures.

In essence, the application of the Heston model in epidemiology could provide a
sophisticated means of understanding and managing the complex dynamics of dis-
ease transmission, potentially leading to more informed and effective public health
responses.

2.2 Drug Efficacy and Dosage Optimization

Applying the Heston model to drug efficacy and dose optimization takes advantage of
its ability to handle variability, a significant factor in clinical pharmacology. Drug re-
sponse can vary widely between individuals due to genetic, environmental, and lifestyle
factors. This variability is similar to the volatility seen in financial markets, which the
Heston model is designed to capture and predict.

2.2.1 Individual Variability in Drug Response

Just as asset prices vary with market conditions, individual responses to drugs can
fluctuate based on a myriad of factors. The Heston model could be used to model the
”volatility” in individual responses to medication, providing a personalized medicine
approach.

2.2.2 Time-Dependent Efficacy

The effectiveness of a drug can change over time, not just due to developing resistance
or changes in disease pathology, but also due to alterations in patient behavior or
physiology. The Heston model’s stochastic volatility component could model this
time-dependent variance, aiding in the design of dosage regimens that adapt over the
course of treatment.

2.2.3 Optimizing Dosage Schedules

By understanding the variance in drug response, clinicians can optimize dosage sched-
ules for individual patients. This could mean adjusting the amount of drug admin-
istered, the frequency of dosing, or the duration of the dosing interval to maintain
efficacy while minimizing side effects.

2.2.4 Modeling Population-Level Responses

On a larger scale, the Heston model could be used to simulate population-level re-
sponses to a drug. This could inform public health decisions, such as stockpiling
appropriate medication quantities or guiding prescription guidelines.

2.2.5 Risk Management in Pharmacotherapy

Similar to the management of financial risks, the Heston model could help manage the
risks associated with pharmacotherapy. By predicting the variance in drug responses,
healthcare providers can better manage the risk of adverse reactions or suboptimal
treatment outcomes.



2.2.6 Adaptive Clinical Trials

In clinical trial design, the Heston model could be used to adaptively adjust dosing
based on interim results. This could lead to more efficient trials by focusing on doses
that provide the optimal balance of efficacy and safety.

2.2.7 Real-Time Monitoring and Adjustment

For drugs with a narrow therapeutic window, real-time monitoring of drug efficacy
and side effects could be modeled using the Heston framework. This would allow for
immediate adjustments in dosage to ensure optimal therapeutic effect.

In summary, the potential of the Heston model in clinical pharmacology lies in its
ability to provide a structured approach to understanding and managing the inher-
ent variability in drug response, leading to more effective and personalized treatment
strategies.

2.3 Healthcare Demand Forecasting

The Heston model’s application to Healthcare Demand Forecasting leverages its stochas-
tic volatility feature to address the unpredictable nature of healthcare service require-
ments. Demand for healthcare services is not static; it fluctuates due to various factors
such as seasonal illnesses, epidemics, policy changes, and demographic shifts. These
fluctuations can be likened to the volatility observed in financial markets, which the
Heston model is adept at modeling.

2.3.1 Seasonal and Epidemic Trends

Healthcare demand often shows seasonal patterns, with certain conditions peaking
at different times of the year. Additionally, epidemics can cause sudden surges in de-
mand. The Heston model could incorporate these factors into its volatility component,
providing a more accurate forecast of service requirements.

2.3.2 Resource Allocation

By predicting periods of high and low demand, healthcare providers can allocate re-
sources more efficiently. This could involve staffing, bed allocation, scheduling of elec-
tive procedures, and management of supply chains for pharmaceuticals and medical
equipment.

2.3.3 Operational Planning

The mean-reverting aspect of the Heston model could help in long-term operational
planning by predicting when demand will return to 'normal’ levels after a spike or
drop. This is crucial for maintaining service quality without incurring unnecessary
costs.

2.3.4 Policy Impact Analysis

Changes in healthcare policy can have immediate and long-term effects on service
demand. The Heston model could be used to simulate the impact of policy changes,
allowing for better planning and adjustment of healthcare services.



2.3.5 Emergency Preparedness

In public health emergencies, the Heston model could forecast the variance in health-
care demand, aiding in emergency preparedness and response planning.

2.3.6 Investment Decisions

For healthcare administrators, understanding the volatility in demand is crucial for
making informed investment decisions, such as expanding facilities, investing in new
technologies, or developing new service lines.

2.3.7 Insurance and Financial Planning

Insurers and healthcare financiers could use demand forecasts from the Heston model
to adjust premiums, set aside reserves, or plan for future financial requirements.

In essence, the Heston model could provide healthcare systems with a predictive
tool that not only anticipates the average demand but also its variability, enabling a
dynamic and responsive healthcare delivery system.

2.4 Medical Imaging and Signal Variability

The application of the Heston model to Medical Imaging and Signal Variability is
predicated on its ability to model the stochastic nature of volatility, which in this
context relates to the unpredictable variations in signal intensity observed in medical
imaging. These variations can be critical for accurate diagnosis, as they may repre-
sent physiological changes, differentiate between healthy and pathological tissues, or
indicate the presence of anomalies.

2.4.1 Characterizing Signal Variability

Medical imaging techniques, such as MRI or CT scans, can exhibit variability in signal
intensity due to a variety of factors, including patient movement, machine calibration,
or the inherent heterogeneity of biological tissues. The Heston model could be used
to characterize this variability, distinguishing between normal fluctuations and those
indicative of pathology.

2.4.2 Enhancing Image Quality

By modeling the stochastic nature of signal intensity, the Heston model could con-
tribute to algorithms that enhance image quality, for instance, by filtering out noise
that is not consistent with the modeled volatility of a healthy signal.

2.4.3 Improving Diagnostic Accuracy

Variability in signal intensity can sometimes obscure the presence of lesions or other
pathological conditions. The Heston model could help in developing image analysis
algorithms that are more sensitive to subtle changes in signal intensity, improving the
accuracy of diagnoses.



2.4.4 Quantitative Imaging

The Heston model could be employed in quantitative imaging, where the goal is to
extract numerical data from images for diagnostic or research purposes. By providing
a framework for modeling signal variability, it could improve the reliability of quanti-
tative measures derived from imaging data.

2.4.5 Dynamic Imaging Analysis

In dynamic imaging, where changes in signal intensity over time are important (such
as in functional MRI), the Heston model could be used to predict and analyze the
volatility patterns of the signal, aiding in the interpretation of physiological processes.

2.4.6 Personalized Imaging Protocols

Understanding the variability in imaging signals could lead to personalized imaging
protocols that account for individual differences in patients, potentially reducing the
need for repeat scans and exposure to radiation or contrast agents.

2.4.7 Machine Learning Integration

The Heston model could be integrated with machine learning techniques to train mod-
els that can predict expected variability in medical images, leading to smarter, more
adaptive image processing tools.

In summary, the Heston model’s potential in medical imaging lies in its ability to
provide a structured approach to understanding and managing the inherent variability
in imaging signals, leading to advancements in image quality, diagnostic accuracy, and
personalized patient care.

2.5 Modeling Biological Systems

The Heston model’s potential for Modeling Biological Systems arises from its sophis-
ticated handling of stochastic processes, which can be analogous to the complex and
often unpredictable variability seen in biological systems. Biological variability is not
merely noise; it can carry important information about underlying physiological states
or the health of an organism.

2.5.1 Heart Rate Variability (HRV)

HRYV is a significant indicator of cardiac health, reflecting the interplay between the
sympathetic and parasympathetic nervous systems. The Heston model could be used
to model the stochastic nature of HRV, helping to distinguish between healthy variabil-
ity and pathological changes that could indicate stress, disease, or cardiac dysfunction.

2.5.2 Neural Activity Fluctuations

Neuronal firing and brain activity exhibit complex dynamics that are influenced by
both deterministic and stochastic factors. The Heston model could help in modeling
the volatility of neural activity, aiding in the understanding of brain function and the
identification of patterns associated with neurological conditions.



2.5.3 Intracellular Processes

Within cells, processes such as gene expression and protein synthesis show stochastic
fluctuations due to the discrete nature of molecular interactions. The Heston model
could be adapted to capture this intrinsic noise, providing insights into cellular function
and the impact of genetic variability.

2.5.4 Population Dynamics in Ecology

In ecological systems, populations of organisms experience fluctuations due to environ-
mental factors, predation, and resource availability. The Heston model could model
the variance in population sizes over time, contributing to the study of ecosystem
stability and species conservation.

2.5.5 Epidemiological Spread

Beyond the spread of diseases in populations, the Heston model could also be used to
model the variance in transmission rates within a host, such as the replication rate of
a virus, which can be subject to rapid changes due to immune responses or antiviral
treatments.

2.5.6 Pharmacokinetics and Pharmacodynamics

Drug absorption, distribution, metabolism, and excretion can exhibit significant vari-
ability. The Heston model could be used to model these processes, potentially improv-
ing the understanding of drug action and the prediction of drug interactions.

2.5.7 Physiological Stress Responses

The body’s response to stress is a complex, dynamic process that can vary significantly
between individuals and over time. The Heston model could be used to model this
variability, potentially aiding in developing personalized medicine approaches to stress-
related diseases.

By applying the Heston model to biological systems, researchers could gain a more
nuanced understanding of the stochastic elements of natural variability, leading to
better predictive models and more effective interventions across various biological and
medical applications.

3 Summary of Medical Applications

The Heston model’s principal attribute, characterizing stochastic volatility, offers a
transformative approach to understanding the inherent unpredictability in medical
and biological contexts. When applied to medicine, this model potentially could allow
for the systematic quantification of randomness within complex systems, providing
insights that are not readily apparent through traditional analysis. In epidemiology,
for instance, it could refine our grasp of infection rate fluctuations, enabling more
accurate forecasting of disease spread and the resultant healthcare demands. For
clinical pharmacology, the model’s ability to capture the variability in drug response
could lead to more individualized and effective dosing regimens, enhancing patient
care.



Extending the Heston model to healthcare operations could revolutionize demand
forecasting, allowing for a dynamic allocation of resources that aligns closely with the
unpredictable ebb and flow of patient numbers. In medical imaging, leveraging the
model to interpret signal variability could significantly improve the clarity and reliabil-
ity of diagnostic imaging, potentially leading to earlier and more accurate diagnoses.
Similarly, in the study of biological systems, the model could illuminate the variability
in physiological processes, such as heart rate or neural activity, offering new avenues
for monitoring and treating various conditions. Adapting the Heston model to these
areas could provide a more nuanced understanding of the stochastic nature of life and
health, potentially driving innovation in medical research and practice.

The proposed applications of the Heston model to the medical field are entirely
theoretical and have not undergone empirical testing. While the concepts presented
are promising, they are speculative and require thorough validation via research and
clinical trials. Adapting financial mathematical models to the complexities of medical
science requires meticulous attention to the distinctive intricacies of biological systems.
Consequently, these suggested applications of the Heston model are still considered
hypotheses, inviting deeper investigation and empirical evidence within the medical
domain.

4 Conclusion

The inherent unpredictability and volatility in biological and medical systems parallels
the stochastic behavior of financial markets that the Heston model is designed to
characterize. Just as this model captures the dynamics of fluctuating asset prices, its
techniques for quantifying variance could shed light on the erratic variations in disease
transmission, healthcare demands, drug responses, medical imaging signals, and other
biological processes. The rigorous validation of the Heston model in finance lends
credibility to its versatile modeling approach being applicable more broadly.

Other fields, such as energy forecasting, have already demonstrated the broader
utility of the model for non-financial time series analysis[3]. This supports the prospect
of its methodology offering analogous value in medical contexts. In particular, the
model’s mean-reverting properties may suit the cyclic dynamics of seasonal diseases,
while its ability to incorporate occasional volatility spikes could capture epidemic
surges. It provides a novel approach to biostatistical fragility [2]. Much as the model
integrates market-moving news events, public health interventions could be factored
into medical applications.

While significant research is still required, the parallels between financial systems
and potential medical use cases provide reasonable theoretical justification for explor-
ing the model’s utility. Just as the model evolved from its options pricing origins to
become a widely-used financial engineering tool, rigorous validation could transform
its medical applications from speculative hypotheses into practice. Extending an es-
tablished, versatile model into new domains aligned with its stochastic specialization
represents a worthy interdisciplinary endeavor with promise and precedent.

The Heston model’s proven capacity to systematically characterize statistical volatil-
ity across divergent contexts makes it a prime candidate for experimental investigations
into medical systems exhibiting analogous dynamics, variability, and uncertainty.
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