’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 09 | Sep 2026

www.irjet.net

p-ISSN: 2395-0072

Al - Enhanced Stress Biomarker Analysis

Ronak Agarwal?, Rishi Pandey?, Sameer Bhosale3, Dr. Pranjali Patil4

1Student, Department of MCA, D. Y. Patil Deemed to be University, School of Humanities & Sciences, Belapur,
Maharashtra, India.
2Student, Department of MCA, D. Y. Patil Deemed to be University, School of Humanities & Sciences, Belapur,
Maharashtra, India.
3Student, Department of MCA, D. Y. Patil Deemed to be University, School of Humanities & Sciences, Belapur,
Maharashtra, India.
“Assistant Professor, D. Y. Patil Deemed to be University, School of Humanities & Sciences, Belapur, Maharashtra, India.

Abstract - This paper investigates the application of
machine learning techniques in the analysis of stress
biomarkers, emphasizing their role in improving the
accuracy and timeliness of stress detection in real-world
settings. With rising concerns about mental health, effective
monitoring of stress through various physiological
indicators is crucial. The study employs both qualitative and
quantitative research methods, including user surveys and
data analytics, to evaluate the effectiveness of Al-driven
solutions in stress management. Our findings reveal that
enhanced data interpretation through machine learning
significantly improves the identification of stress levels,
leading to more effective interventions and improved overall
well-being. The paper concludes with recommendations for
the implementation of Al technologies in mental health
initiatives, highlighting their potential to transform stress
monitoring practices.
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I. INTRODUCTION

Stress, often referred to as the "silent epidemic,” has
emerged as a pervasive challenge in modern society,
affecting individuals across all demographics.[13] As per
WHO (World Health Organization), stress is one of the
leading causes and contributors to global health concerns,
with an estimated 26-4 million people suffering from
anxiety disorders, mental impact that links to chronic
stress. While WHO World Health Organization) says that a
small amount of stress can help with daily activities, but
much can cause mental and physical health problems.

Prolonged exposure to stress only impacts mental health
but also contributes to prolonged health issues,

dysfunctions, and other critical health conditions. [2], [5],
[13]

While technology is a leading solution to all new world
problems. The advent of Al (Artificial Intelligence) and ML
(Machine Learning) has significantly revolutionized
various sectors, and their application in stress
management holds transformative potential. [1], [14]
Some stress biomarkers that contribute as indicators arc
cortisol levels, blood pressure, neural activity heart rate
variability (HRV), and electrodermal activity (TDA)-
providing valuable insights into an individual's
physiological state. [2], [5], [13]

Al can be integrated using wearable technology of Al
enabling real-time monitoring predictive modeling.
offering opportunities for early stress detection and
intervention. [3], [4], [7], [12] This research work is an
union of Al, ML and physiological monitoring to enhance
stress detection accuracy. [8], [10], [14] Now by predictive
analytics, user-centric engagement and real-life inputs
resolves the gaps between the traditional approach and
modern approach. The study reflects Al-driven solutions,
coupled with wearable technology and biomarkers not
only identify stress but also facilitate timely interventions,
fostering improved mental health outcomes.

Organizations are increasingly adopting Al solutions to
monitor employee stress, aiming to foster healthy work
environments. On an individual level, user-friendly Al
interfaces and wearable devices empower users to take
charge of their mental health, offering actionable insights
and tailored recommendations.

II. PROBLEM STATEMENT

To address the limitations of traditional stress detection
methods, which rely on subjective self-reports and
infrequent clinical check-ups, there is a need for an

contributing to cardiovascular diseases, immune system
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objective that is scalable and has a real-time approach to
monitor and analyze stress biomarkers effectively.

III. EXISTING SYSTEMS

Existing systems for stress monitoring primarily rely on
subjective methods, such as self-reported questionnaires,
and basic physiological data collected in controlled
environments. While advancements have enabled the use
of biomarkers like cortisol levels, heart rate variability, and
skin conductance as objective indicators, the analysis
remains predominantly manual, limiting its applicability
for real-time stress detection. [5], [7], [13] Current
approaches often fail to capture the complex interactions
among biomarkers, lack predictive capabilities, and offer
generic insights that are not tailored to individual needs.
[4], [9], [12] Although some systems leverage basic data
analytics, they do not fully utilize the potential of Al and
machine learning to interpret the multifaceted nature of
stress biomarkers effectively. [4], [8], [14] This results in
limited actionable insights and hampers the development
of personalized strategies for stress management. These
limitations underscore the need for innovative solutions
that integrate Al-driven models to enhance the accuracy,
timeliness, and relevance of stress detection and
intervention. [3], [10], [14]

IV. LITERATURE REVIEW

Artificial Intelligence-Based Biomarkers for the
Diagnosis and Treatment of Neurological Conditions: A
Narrative Review (2026) [1] - Adam Ben-Jaafar,
Abhishek Sinha, Princess Afia Nkrumah-Boateng, Subham
Roy, Vivek Sanker, Siham Mohamed, Francis Sarfo-Adu,
Syed Hasham Ali, Andrew Awuah Wireko

e Evaluates how artificial intelligence (Al) supports
biomarker discovery, diagnosis, prognostication,
and treatment stratification across neurovascular,
neurodegenerative, neuro-oncological, and
seizure disorders.

e Highlights that Al models improve stroke outcome
predictions, identify intracranial aneurysms with
sensitivities exceeding 90%, and predict
conversion from mild cognitive impairment to
Alzheimer's disease with high accuracy.

e Employs a narrative review methodology based
on the Scale for the Assessment of Narrative
Reviews (SANRA), analyzing 163 fully eligible
articles sourced from multiple databases.

e Drawbacks: Real-world clinical translation
remains constrained by dataset bias, limited
external validation, interpretability challenges,

and gaps in generalizability
underrepresented populations.

acCross

The Neurobiology of Stress and Its Impact on Cognitive
Function: A Review of Biomarkers and Early Detection
Using Machine Learning Models (2025) [2] - Amsaveni
Sivaprakasam, Radha Mahendran, Dr. Manju Lata, T.
Krishna Mohana, Dr. Sowmya Jagadeesan

e Reviews the neurobiological mechanisms of stress
and its impact on cognitive function, focusing on
the HPA axis and associated structural brain

changes.
e Evaluates multimodal stress biomarkers including
hormonal, neurochemical, electrophysiological,

and neuroimaging indicators.

e Proposes a hybrid machine learning framework
combining multimodal biomarker streams with
deep learning architectures to improve early
detection and classification accuracy.

e Drawbacks: Biomarker standardization remains
elusive due to heterogeneous sampling
techniques, and model interpretability is limited
by complex "black box" algorithms.

The Performance of Wearable Al in Detecting Stress
Among Students: Systematic Review and Meta-Analysis
(2024) [3] - Alaa Abd-Alrazaq, Mohannad Alajlani, Reham
Ahmad, Rawan AlSaad, Sarah Aziz, Arfan Ahmed,
Mohammed Alsahli, Rafat Damsch, Javaid Sheikh

e Provides a systematic review of wearable Al
technologies for detecting stress in students.

e Aggregates findings from various studies, offering
a broad perspective on wearable Al for stress
detection.

e Identifies influencing factors such as device type
and stress measurement methods.

e Drawbacks: Results are restricted to academic
environments, limiting broader application. Does
not address wearable Al's adaptability to different
age groups.

Generalizable Machine Learning for Stress Monitoring
from Wearable Devices (2023) [4] - Gideon Vos, Kelly
Trinh , Zoltan Sarnyai, Mostafa Rahimi Azghadi

e Focuses on making machine learning models
generalizable for stress detection across diverse
populations.

e Emphasizes the real-world usability of stress
detection systems.
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e Drawbacks: Does not provide specific
implementation strategies for making models fully
generalizable. Requires more detailed
experimental results to validate its claims.

Occupational Stress Monitoring Using Biomarkers and
Smartwatches (2022) [5] - Analicia Morales, Maria
Barbosa, Laura Mordn, Silvio César Cazella, Livia F. Sgobbi,
Iwens Sene, Gong¢alo Marques

e Analyzes real-world applications of wrist-worn
wearables in occupational health.

e Explores biomarkers relevant to workplace stress.

e Drawbacks: Focuses narrowly on wrist devices,
overlooking other wearables like chest straps or
headhands, Limited discussion on integrating
predictive algorithms for intervention.

V. ANALYSIS OF ONLINE SURVEY

Null Hypothesis (Hp): Al-based analysis of stress
biomarkers does not significantly improve the accuracy or
effectiveness of stress detection and management
compared to traditional stress assessment methods.

Alternative Hypothesis (H,): Al-based analysis of stress
biomarkers significantly improves the accuracy and
effectiveness of stress detection and management
compared to traditional stress assessment methods.

Survey Responses

On a scale of 1 to 10, how often do you experience
stress

0On a scale of 110 10, how often do you experience stress?
249 responses

60

o B1(205%)
48 (19.3%)

45(18.1%)

38(15.3%)
40

20
8(3.2%)
0(0%) 2(0.8%)

Fig 1: Bar chart showing the distribution of self-
reported stress levels on a scale of 1 to 10.

The survey results reveal a broad spectrum of stress
experiences among participants, with responses ranging
from minimal to severe stress levels. A significant portion

of respondents reported stress levels in the higher range
(7-10), indicating a prevalent struggle with stress in daily
life. Conversely, fewer participants reported experiencing
little to no stress, suggesting that stress is a common
concern across the surveyed population. These findings
underscore the importance of stress awareness and
management strategies, emphasizing the need for tailored
interventions to help individuals cope with varying levels
of stress effectively.

Table 1.1 Represents the Gender Distribution of
Survey Participants that believes Al-based tools can
help in analyzing and managing stress.

GENDER PERCENTAGE
MALE 51.8
FEMALE 48.2

The survey included participants of different genders,
providing insights into how stress levels and management
strategies vary across them. The gender distribution table
highlights the percentage of male and female, helping to
identify any patterns in stress perception and coping
mechanisms among different groups.

Occupation that suffers from stress

Occupation

249 responses

@ Student
@ Employed
Unemployed

m @ Other

Fig 2: Pie chart showing what occupation the age
groups belong to.

Participants represented different occupational
backgrounds, including students, employed professionals,
and unemployed individuals. The data suggests that
students reported the highest stress levels, likely due to
work-related pressures, deadlines, and financial
responsibilities. This highlights the significant impact of
workplace stress on mental and physical well-being.
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What reason causes stress the most?

What are the main causes of stress in your life?
249 responses

Work 158 (63.9%)

Famlly 106 (42.6%)

Finance 115 (46.2%)
Health 105 (42.2%)
Personal Relationships T8 (30.5%)

Others

Fig 3: Represents graph representing the cause of
stress.

The survey results indicate that work-related pressure
emerged as the leading cause of stress among participants,
followed closely by financial concerns, family and
health. While students primarily reported academic
stress, employed individuals cited workload and job
stability as major stressors. Health-related concerns also
contributed significantly, particularly among older age
groups. These findings highlight the diverse nature of
stress triggers, emphasizing the need for tailored stress
management strategies based on individual lifestyles and
responsibilities.

Ways to manage stress

How do you typically manage stress?

249 responses

O Exercise
@ Mediation

Medication
© Therapy
@ Socialising
@ Others

14.9%

¥

Fig 4: Represents pie charts showing ways in which
people manage stress.

Is there acceptance from users to use Al-based tools
for monitoring and analyzing stress biomarkers in
your life?

Would you be willing to use Al-based tools for monitoring and analyzing stress biomarkers in your
dally life?

249 responses

@ Yes
O No
Maybe

Fig 5: Shows acceptance from users for Al-based tools

The survey shows a growing acceptance of Al-based tools
for monitoring and analyzing stress biomarkers, with
many participants open to the idea of real-time,
personalized insights. The overall positive response
suggests that Al could play a valuable role in stress
management, though further education on its benefits and
safety is necessary to encourage wider adoption.

F-Statistic: 31,585

p4elie (scientific): 6.1531e-3

p-4ele (numeric foreet): 0, beReRRRRRERELS

Result: Regect the Ll ypathesis (). There 15 & significant difference acrass pougs, suparting hy,

Since the P-value (0.000000000000615) is much smaller
than 0.05, we reject the null hypothesis (Ho) and conclude
that there is a significant difference in stress levels among
groups with differing opinions on whether Al can improve
early detection and management of stress.

A key question arises: Do individuals who have undergone
stress biomarker measurements, report higher or lower
stress levels compared to those who have not? This can be
answered by analyzing the average stress levels for each

group:

This suggests that individuals who have had their
biomarkers measured experience or report stress
differently than those who have not. The difference could
be attributed to greater awareness of stress, access to
stress management techniques, or psychological factors
related to health monitoring.

[llustrates the various methods individuals use to manage
stress, based on the survey results. The bar graph
highlights the most common strategies, with exercise,
meditation, and socializing emerging as the top choices.
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Socializing is the most widely used technique, suggesting
that physical activity plays a key role in stress reduction
for many. Exercise follows closely, reflecting growing
awareness of the benefits of mindfulness and relaxation
practices. Other methods, such as therapy and medication,
also appear, but to a lesser extent, indicating that
individuals tend to prefer more accessible, self-managed
approaches. This graph provides valuable insights into the
most effective and preferred stress management strategies
among the surveyed population.

VI. PROPOSED SYSTEM

The proposed system aims to leverage stress biomarker
analysis and artificial intelligence (AI) in monitor and
manage stress levels effectively. By analyzing biological
markers such as cortisol, blood pressure, and heart rate
variability, the system will provide real-time data on an
individual's stress state, Additionally, Al tools will process
this data to offer personalized recommendations for stress
management, such as exercise routines, meditation
practices, or behavioral changes. The system will integrate
with  wearable devices to monitor biomarkers
continuously, ensuring a comprehensive and non-invasive
approach to stress management. This proposal sal also
seeks to explore the role of Al in identifying patterns and
predicting stress triggers, offering a preventive solution
rather than just reactive measures

1. Issues Focused

a. Subjective self-reporting, the mainstay of current
stress management approaches, is subject to
prejudice and inaccuracy. Traditional stress
assessment techniques, such surveys and
interviews, are constrained by their inability to
record physiological data in real time that reliably
represents a person's stress levels. These
approaches also frequently overlook the
physiological differences between people and the
complexity of stressors.

b. Additionally, current systems frequently lack
wearable technology integration, which restricts
their capacity to offer ongoing stress biomarker
monitoring. People are unable to monitor their
stress levels throughout the day without real-time
data, which causes actions to be postponed until
stress reaches dangerous levels. Furthermore, a
lot of current systems rely on general suggestions
that might not work for everyone and lack
individualized recommendations.

c. Another significant issue with current stress
management tools is the lack of Al-driven insights.
Traditional systems fail to leverage Al to analyze
stress data comprehensively, identify patterns,
and predict future stress triggers. This makes it
harder to prevent stress before it escalates,
limiting the overall effectiveness of traditional
approaches.

d. Furthermore, a lot of current systems evaluate
stress biomarkers using laboratory testing or
clinician consultations, which causes major delays
in action. People frequently have to wait for test
results after donating blood samples before
making follow-up appointments with physicians
for advice. This drawn-out procedure may make
the person's situation worse by delaying the
assessment of stress levels and the initiation of
stress management techniques.

e. Finally, many existing tools do not offer integrated
support systems for stress management. While
there may be separate platforms for health
monitoring, mental well-being, and stress
management, they often operate in isolation,
missing opportunities to provide holistic care. The
lack of seamless integration between these tools
results in fragmented care, reducing the system's
overall impact on improving individuals' mental
and physical health.

2. Proposed Methodology
a. Pre-Implementation Survey

The research will begin with a detailed baseline
survey to gather data on participants' existing
stress levels, common stressors, and current
stress management techniques. This survey will
also assess the participants’ understanding of
stress biomarkers and their attitudes toward Al in
stress management. The survey will categorize
participants by age, occupation, and gender to
identify potential demographic variations in stress
experiences.

b. System Design and Development

The proposed system will integrate wearable
devices capable of tracking key stress biomarkers
(e.g. cortisol levels, heart rate variability, blood
pressure) in real time. Al-driven tools will analyze
this data to offer personalized recommendations
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for stress management, such as breathing
exercises, relaxation techniques, techniques, or
lifestyle adjustments. The system will also
generate alerts when stress levels reach
thresholds that may require attention. The tool
will be tested on a small pilot group of
participants to ensure functionality.

c. Real-Time Data Collection

The system will begin collecting real-time
biomarker data from wearables over a defined
period. The Al tool will provide continuous
feedback, including personalized
recommendations for stress management.
Participants will be encouraged to interact with
the system and follow the advice provided to
monitor its impact on stress levels.

d. Evaluation and Refinement

Based on the findings from the the data data
analysis, analysis, the system will be refined Areas
of Improvement will include increasing accuracy
in biomarker tracking, enhancing the Al
recommendations, and and improving the user
interface for better engagement. Ethical, privacy,
and data security measures will also be reviewed
and addressed as needed.

e. Long-Term Follow-Up

To assess the long-term effectiveness of the
system, a follow-up survey will be conducted after
a few months. This will help evaluate whether
participants have sustained lower stress levels
and whether they continue to rely on the Al
system for stress management.

VII. OBJECTIVES

The primary objective of this research is to develop an Al-
based stress biomarker analysis system that uses wearable
devices to track real-time biomarkers such as cortisol
levels, heart rate variability, and blood pressure. The
system will provide personalized stress management
recommendations and offer a more proactive approach
compared to traditional methods. Additionally, the
research aims to evaluate the system's effectiveness in
managing stress, identify stress triggers across different
demographics (age, occupation, gender), and assess user
trust and satisfaction through feedback. The study will also
examine the role of Al in predicting stress and providing

timely interventions, as well as the impact of real-time
biomarker tracking compared to traditional methods that
require waiting for lab results. Lastly, the research will
explore how Al-based tools can increase accessibility to
stress management, especially in lower-income or
underserved populations.

VIII. CONCLUSION

This research introduces an innovative Al-powered system
designed to analyze stress biomarkers in real-time,
offering personalized, proactive stress management
solutions. By combining wearable technology with Al, the
system addresses the shortcomings of traditional stress
management methods, such as delayed results and
reliance on subjective input. Through this study, we aim to
assess the system's effectiveness across various
demographic groups, gather insights on user trust and
satisfaction, and explore how such technology can enhance
accessibility to stress management, particularly for
underserved populations. Ultimately, this research seeks
to demonstrate how Al-driven approaches can transform
stress management, enabling individuals to better
monitor, understand, and mitigate stress, thereby
improving overall well-being and quality of life.
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