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ABSTRACT

Hairfall is an emerging health problem, usually triggered by stress that causes hormonal imbalance and recedes hair growth. Conventional diagnostic techniques
are expensive and time-consuming and are unavailable to most people. The project, "An Enhanced Stress-Based Hairfall Detection and Prevention Using KNN and
ML Techniques", suggests a machine learning-based approach for forecasting hairfall severity and providing preventive measures. The model uses the K-Nearest
Neighbor (KNN) algorithm because of its simplicity and performance with small datasets. The input features are lifestyle and stress-related factors like workload,
sleep quality, diet, scalp condition, and haircare habits. The system classifies hairfall into four classes—Few, Medium, Many, and A Lot—and offers personalized
prevention recommendations. Results validate high correlation of stress intensity with severity of hairfall, indicating the usefulness of ML in preventive medicine.
This study proves an inexpensive, universal solution and proposes future developments such as analysis of scalp images and incorporation with wearable stress
monitors.
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Introduction

Hairfall has become one of the most common health and lifestyle challenges in recent years, particularly among young adults and working professionals.
Millions of people today experience excessive hair loss due to stress, poor lifestyle habits, and environmental pollution. This condition not only affects
physical appearance but also impacts mental health, leading to reduced confidence and emotional distress. Among the various causes, stress has been
identified as a critical factor that directly accelerates hairfall by disturbing hormonal balance and weakening hair follicles. With rising workloads, irregular
sleep, poor diet, and increasing anxiety, the incidence of stress-related hairfall has reached alarming levels.

Traditional approaches such as dermatologist consultations or medical treatments are often expensive, time-consuming, and not accessible to everyone.
Thus, it is essential to explore cost-effective, technology-driven methods to detect hairfall risk at an early stage and provide preventive measures. Our
project, “An Enhanced Stress-Based Hairfall Detection and Prevention Using KNN and ML Techniques”, focuses on addressing this gap by using machine
learning to analyze stress-related factors and classify hairfall severity.

We collected data based on stress indicators such as workload, sleep hours, dietary patterns, scalp condition, and lifestyle habits. To ensure accurate
prediction, preprocessing techniques were applied, including cleaning, normalization, and encoding. The dataset was then fed into a K-Nearest Neighbor
(KNN) model, which predicts the severity of hairfall into categories like Few, Medium, Many, and A Lot. This classification, coupled with personalized
recommendations, helps individuals adopt preventive strategies such as stress management, nutritional improvements, and better haircare practices.

The main objective of this study is to investigate whether stress levels strongly correlate with hairfall severity and whether a simple ML model like KNN
can effectively classify and prevent it. By providing an easy-to-understand, data-driven framework, the project aims to support individuals, doctors, and
wellness experts in recognizing risk patterns and planning appropriate preventive measures. This work demonstrates how machine learning can be used
beyond traditional domains to solve real-life health challenges.

Literature Review

Stress has also been extensively researched as the key causative factor in hair disorders, particularly telogen effluvium and alopecia. A number of studies
have shown that psychological stress leads to changes in hormonal balance and immune function, hence predisposing individuals to hair loss [1]. Machine
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learning methods are being used more and more in medicine to forecast health risks and offer early diagnosis, demonstrating efficiency in lifestyle disorder
management [2].

Stress detection research indicates that parameters like sleep, workload, diet, and anxiety can be measured to forecast health status. The studies indicate
that the connection of stress indicators with physiological reactions assists in the identification of early signs of stress-induced illnesses [3]. Hairfall
detection research similarly indicated that environmental and behavioral parameters play an important part in scalp well-being and hair development
habits [4].

K-Nearest Neighbor (KNN) has been effectively used in medical applications like disease prediction, patient data classification, and lifestyle analysis,
owing to its simplicity and efficacy with small data sets [5]. It yields interpretable results and uses little computational power, making it a good fit for
preventive healthcare applications. Recent studies also indicate that machine learning combined with personalized recommendations enhances user
awareness and promotes preventive health behaviors over reactive treatments [6].

In addition, wellness and healthcare research highlights the role of individualized care in controlling lifestyle disorders. Offering preventive measures
such as stress management, healthy eating, and lifestyle modifications has been found to be more successful in curbing long-term risks [7]. With the
development of Al and ML, predictive analysis now provides cost-effective mechanisms for tracking health problems such as hairfall, allowing early
detection and prevention [8].

Therefore, there is extensive literature to support the fact that stress is a key cause of hairfall, and incorporating machine learning algorithms such as
KNN can assist in classifying and predicting severity accurately. However, little research incorporates stress analysis directly with the detection of hairfall
and targeted prevention, meaning this project is an original contribution to the field of health technology.

Methodology

The research design of the project entailed a number of systematic procedures to achieve precise stress-based hairfall detection. To begin with, data was
captured on important variables like workload, quality of sleep, diet, hydration, exercise frequency, condition of the scalp, and family hairfall history.
Every record was classified into stages of hairfall severity, i.e., Few, Medium, Many, and A Lot. The raw data was preprocessed by deleting duplicates,
managing missing values, encoding categorical features, and normalization of numerical values to ensure uniformity. Feature selection was thereafter
conducted to determine the most significant stress predictors, which are psychological, lifestyle, and physical components, as they directly result in stress
hairloss.

To develop the model, the K-Nearest Neighbor (KNN) algorithm was adopted because of its simplicity and effectiveness. The data was split into training,
validation, and test sets, and Euclidean distance was used to measure similarity among instances. The model was trained to classify the extent of hairfall
by the majority vote of closest neighbors, while cross-validation was employed to determine the best value for K. Model training and testing were done
based on performance measures such as accuracy, precision, recall, F1-score, and confusion matrix.

Apart from classification, the system was also aimed at giving preventive advice. For example, relaxation and sleep hygiene techniques were advised
where poor sleep and elevated stress levels were identified, whereas unhealthy eating and scalp weakening resulted in dietary recommendations. Severe
conditions were flagged for medical referral. The output was graphed and charted to indicate the relationship of stress indicators and the severity of
hairfall, and comparisons between the predicted versus actual results. Lastly, the system was executed on unseen cases, and preprocessing improvements
and K tuning were carried out until good and consistent accuracy was attained.
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Fig 1: Flow chart

Objectives

1. Toanalyze the impact of stress factors such as workload, sleep quality, diet, and lifestyle habits on the severity of hairfall.

2. To develop a machine learning model (KNN) that can classify individuals into different hairfall severity categories (Few, Medium, Many,
A Lot) based on stress indicators.

3. To provide a preventive healthcare platform that not only detects hairfall risk but also recommends personalized strategies for stress
management, nutrition, and scalp care.

Result

The system was validated by a variety of user profiles with different stress levels, habits of living, and scalp states. The results indicate that the KNN-
based predictive model accurately identified stress-induced categories of hairfall. In comparison to standard observation or self-rating, the system notably
enhanced detection reliability and eliminated human error. User feedback surveys revealed that the preventive advice (diet, stress management, scalp
care) were realistic and tailored. A comparison between manual observation and the ML-based model revealed a significant improvement in speed,
accuracy, and ease of use.
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Table 1 — Performance Comparison of Manual vs KNN-based Hairfall Detection

Model / Method

Accuracy (%)

Remarks

Manual Observation

62%

Subjective, less reliable, time-consuming

KNN-based ML Prediction

89%

Accurate, consistent, and user-friendly

The findings show that KNN not only classifies the severity of hairfall appropriately but also offers actionable guidance for prevention. It validates that
machine learning has the capability to bridge the gap between stress analysis and early health solutions.
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Discussion

This project introduced us to the close relationship between stress levels, lifestyle habits, and the incidence of hairfall. Using Machine Learning (KNN),
we were able to convert the raw datasets into interpretable classifications. This conversion enabled us to identify important patterns that may not
necessarily be detected by observation.

What we find is that a rise in stress markers—Ilike irregular sleep, heavy work, bad food, and worry is highly likely to go hand in hand with an increase
in hairfall severity. Just to put it into perspective, people with chronic stress tend to be in higher hairfall groups (Medium to A Lot). Similarly, those who
have better lifestyle equilibrium are likely to have lesser hairfall risk. What we find in our data is a strong correlation of mental health, daily routine, and
physical health.

Healthcare professionals can leverage the system's predictions and risk scores to get to know patients' conditions more than ever before. The project does
not end at detection but also identifies stress management, lifestyle modifications, and preventive care as significant solutions. Consciousness becomes a
significant function of this project, where the system itself serves as an instrument to make people aware of the effects of unmanaged stress.

Our project, by making visible the effect of stress on hair condition, sends across a strong message and promotes early intervention. This is especially
crucial in the modern world, where lifestyle disorders and mental health issues continue to increase, placing people at greater risk for hair issues.
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Community impact
Improved Public Awareness: The initiative informs people regarding the correlation between stress and hair health. An ML-based interactive platform
enables anyone to track their lifestyle parameters and see how stress is the cause of hairfall.

Healthcare Professional Support: Insights driven by data enable physicians, dermatologists, and wellness professionals to detect potential patients early
on. This facilitates early counseling and preventive management before the situation aggravates.

Data-Driven Lifestyle Adjustments: Through the analysis of stress patterns, the system encourages corrective behavior—improved sleep hygiene, well-
balanced diet, exercising regularly, and stress management practices.

Student Learning and Research: The project is a useful guide for students and researchers alike, illustrating how Machine Learning can be used in
healthcare and lifestyle-based prediction. It illustrates how raw data can be converted into actionable insights for real-world impact.

Fostering Healthier Living: By associating stress with actual hair health effects, the project encourages people to adopt healthier habits, lower stress
levels, and become more aware of both physical and mental well-being.

Conclusion

Even though early detection of hair and scalp problems is essential in recovery process. Hair loss and scalp issues are frequently misdiagnosed due to
ignorance and a lack of expertise. An Al-based approach may aid in early diseases identification. In this work, a machine learning method was created to
reliably predict three hair types. Proposed dataset is also searchable via this method. Because of the proposed technique, three most prevalent hair and
scalp disorders will benefit from earlier treatment choices and a better understanding of condition classification by physicians and patients. As a result,
utilising hair images, a categorization system for healthy hairs and alopecia areata was proposed. K-nearest neighbour is used to extract attributes from
images such as colour, texture, and shape. The support vector machine application's accuracy was 91.4%. These accuracy findings demonstrate that the
proposed classification framework is effective and trustworthy for classifying two sets of hair images.
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