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ABSTRACT

The rapid growth of social media platforms has
generated vast amounts of user-generated content
that can provide valuable insights into
individuals’ mental health conditions. Early
identification of mental health risks such as
depression, anxiety, stress, and suicidal ideation
is essential for timely intervention and preventive
healthcare. This paper presents a machine
leaming-based framework for early mental health
risk detection using social media analytics. The
proposed system collects textual data from social
media platforms and applies natural language
processing  (NLP) techniques for data
preprocessing, sentiment analysis, feature
extraction, and behavioral pattern identification.
Various machine learning algorithms, including
Support Vector Machine (SVM), Random Forest,
Naive Bayes, and Deep Learning models, are
utilized to classify users based on mental health
risk levels. The framework analyzes linguistic
patterns, emotional  expressions,  posting
frequency, and user engagement metrics to
improve prediction accuracy. Experimental
results demonstrate that the proposed approach
achieves higher detection performance, improved
accuracy, and faster prediction compared to
traditional manual assessment methods. The
system can assist healthcare professionals,
counselors, and support organizations in
identifying high-risk individuals at an early stage
and enabling proactive mental health
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intervention. Furthermore, the integration of
explainable Al techniques enhances the
transparency and reliability of the prediction
process, making the system more suitable for
real-world mental healthcare applications.
Keywords: Mental Health Detection, Social
Media Analytics, Machine Learning, Deep
Leaming, Natural Language Processing,
Sentiment Analysis, Early Risk Prediction,
Artificial Intelligence, Behavioral Analysis,
Explainable Al

I. INTRODUCTION
Mental health disorders have become a major
global health concem, affecting millions of
individuals across different age groups and social
backgrounds. Conditions such as depression,
anxiety, stress, bipolar disorder, and suicidal
behavior significantly impact an individual’s
emotional well-being, productivity, and quality of
life. According to the World Health Organization
(WHO), mental health disorders are among the
leading causes of disability worldwide,
emphasizing the urgent need for early diagnosis
and intervention [1]. Traditional mental health
assessment methods mainly rely on clinical
interviews, questionnaires, and self-reporting
techniques, which are often time-consuming,
expensive, and dependent on the availability of
healthcare professionals [2]. As a result, many
individuals remain undiagnosed during the early
stages of mental illness, leading to severe
psychological and social consequences.
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The widespread use of social media platforms
such as Twitter, Facebook, Reddit, and Instagram
has created new opportunities for analyzing
human emotions, behavior, and communication
patterns. Users frequently express their feelings,
opinions, stress levels, and personal experiences
through posts, comments, and online interactions
[3]. These digital footprints can serve as valuable
indicators for identifying potential mental health
risks. Researchers have increasingly focused on
leveraging social media analytics and artificial
intelligence techniques to detect emotional
distress and behavioral abnormalities at an early
stage [4]. The integration of Natural Language
Processing (NLP) and machine learning
algorithms enables automated analysis of textual
content, sentiment patterns, and user engagement
behavior for mental health prediction [5].
Machine leaming techniques have shown
significant potential in healthcare applications
due to their ability to identify hidden patterns and
make accurate predictions from large datasets.
Algorithms such as Support Vector Machine
(SVM), Random Forest, Naive Bayes, Decision
Trees, and Deep Learning models have been
widely used for sentiment analysis and mental
health classification tasks [6]. These techniques
can efficiently process large volumes of social
media data and classify users into different
mental health risk categories based on linguistic,
emotional, and behavioral features [7].
Furthermore, deep leaming approaches such as
Recurrent Neural Networks (RNN) and Long
Short-Term Memory (LSTM) networks provide
improved performance in analyzing sequential
textual data and detecting complex emotional
expressions [8].

Despite significant advancements, existing
mental health detection systems still face several
challenges, including data privacy concems,
noisy social media content, imbalanced datasets,
and lack of interpretability in Al models [9].
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Moreover, many existing systems focus only on
sentiment classification rather than
comprehensive mental health risk assessment.
Therefore, there is a growing need for intelligent,
explainable, and scalable systems capable of
providing accurate early-stage mental health
predictions using social media analytics [10].

This paper proposes a machine learning-based
framework for early mental health risk detection
through social media analytics. The proposed
system utilizes NLP techniques, sentiment
analysis, and supervised machine learning
models to analyze social media text and identify
individuals at risk of mental health disorders. The
framework aims to improve prediction accuracy,
support early intervention, and assist healthcare
professionals in proactive mental health
monitoring and decision-making.
II. LITERATURE SURVEY

De Choudhury et al. (2013) developed one of the
earliest social media-based depression prediction
models using Twitter data and machine learning
techniques. The authors analyzed user behavior,
emotional expressions, and linguistic patterns to
identify depressive symptoms. Their study
demonstrated that social media content can
effectively support early mental health
assessment and intervention [11].

Coppersmith, Dredze, and Harman (2014)
investigated the use of natural language
processing techniques for detecting mental health
conditions from Twitter posts. The researchers
collected user-generated content related to
depression, PTSD, and bipolar disorder and
applied supervised learning models for
classification. Their findings showed that
linguistic features and emotional indicators are
valuable for mental health prediction [12].
Resnik et al. (2015) proposed a topic modeling
approach for identifying signs of depression in
social media users. The study utilized Latent
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Dirichlet Allocation (LDA) and machine learning
classifiers to analyze user posts and emotional
trends. Experimental results indicated improved
detection accuracy when combining textual and
behavioral features [13].

Tsugawa et al. (2015) developed a machine
leaming framework to detect depressive
tendencies from Twitter activities. The authors
used user profile information, posting behavior,
and sentiment analysis to classify mental health
conditions. Their research highlighted the
importance of behavioral analytics in identifying
mental health risks [14].

Yates et al. (2017) introduced a deep learning-
based mental health detection model using Reddit
posts. The study employed neural network
architectures and word embedding techniques to
classify users with depression and anxiety
disorders. Their approach achieved higher
performance compared to traditional machine
learning methods [15].

Orabi et al. (2018) proposed a deep learning
architecture using Recurrent Neural Networks
(RNN) and Long Short-Term Memory (LSTM)
models for depression detection from social
media text. The system analyzed semantic and
contextual information in user posts and achieved
significant improvements in classification
accuracy [16].

Aldarwish and Ahmed (2017) focused on
sentiment analysis and emotional behavior
mining for detecting mental health conditions on
Twitter. The researchers applied machine
leaming classifiers such as Naive Bayes and
Support Vector Machine (SVM) to categorize
user emotions and depressive behavior patterns
[17].

Guntuku et al. (2019) explored language-based
psychological analysis using large-scale social
media datasets. The study emphasized the role of
linguistic markers, stress indicators, and
emotional patterns in predicting mental health
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disorders. Their findings demonstrated the
effectiveness of Al-driven social media analytics
in healthcare applications [18].

Chancellor and De Choudhury (2020) presented
a comprehensive review of predictive techniques
for mental health analysis using social media
platforms. The authors discussed various
machine learning approaches, ethical challenges,
privacy concerns, and limitations associated with
mental health prediction systems [19].

Ji et al. (2021) conducted a detailed review of
suicidal ideation detection methods using
machine learning and deep learning approaches.
The study highlighted the advantages of neural
networks, NLP techniques, and social media
analytics in identifying high-risk individuals and
improving mental health monitoring systems
[20].

III. PROPOSED METHODOLOGY

3.1 System Overview

The proposed system presents a machine
learmning-based framework for early mental health
risk detection using social media analytics. The
architecture consists of social media data
collection modules, a preprocessing unit, a
feature extraction module, machine learning
classifiers, and a monitoring interface. User-
generated textual content from platforms such as
Twitter, Reddit, and Facebook is continuously
collected and analyzed to identify signs of mental
health disorders such as depression, anxiety,
stress, and suicidal ideation. The system aims to
automate mental health risk assessment, reduce
dependency on manual psychological evaluation,
and provide early intervention support.

3.2 Data Collection and Preprocessing

The system collects textual data from publicly
available social media posts, comments,
hashtags, and user interaction records. The
collected dataset includes various emotional
expressions, behavioral patterns, and linguistic
features under different social and psychological
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conditions. Preprocessing techniques such as
noise removal, stop-word  elimination,
tokenization, stemming, lemmatization, and text
normalization are applied to improve data quality.
Duplicate and irrelevant information such as
URLs, emojis, punctuation marks, and special
symbols are removed to ensure efficient model
training. This preprocessing stage helps in
transforming raw social media data into
structured input suitable for machine learning
analysis.

3.3 Feature Extraction and Sentiment Analysis
Feature extraction is performed using Natural
Language Processing (NLP) techniques such as
Bag of Words (BoW), Term Frequency—Inverse
Document Frequency (TF-IDF), and word
embedding models. The system extracts
important features including emotional polarity,
sentiment scores, posting frequency, stress-
related keywords, negative expressions, and
behavioral indicators. Sentiment analysis is used
to classify user emotions into positive, negative,
or neutral categories. These extracted linguistic
and emotional features play a crucial role in
identifying mental health risk patterns from social
media content.

3.4 Machine Learning Model Training and
Classification

The processed data is provided to machine
leaming and deep leaming models such as
Support Vector Machine (SVM), Random Forest,
Naive Bayes, and Long Short-Term Memory
(LSTM) networks. The models are trained using
labeled datasets containing different categories of
mental health conditions. During training,
optimization algorithms such as gradient descent
and backpropagation are used to improve
prediction accuracy. Once trained, the models
classify users into different mental health risk
levels such as low risk, moderate risk, and high
risk. Deep leaming techniques further enhance
contextual  understanding and  improve
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classification
emotional expressions.

3.5 Real-Time Monitoring and Alert System
The trained model is integrated into a real-time
monitoring system that continuously analyzes
live social media activity. When high-risk
emotional patterns or suicidal indications are
detected, the system generates alerts and
notifications for healthcare professionals,
counselors, or support organizations. The system
can also maintain logs of user behavioral trends
and emotional changes over time. This enables
early intervention and proactive mental
healthcare support. Additionally, periodic reports
can be generated to analyze mental health trends
and improve decision-making processes.

3.6 Cloud Integration and Data Analytics

To improve scalability and accessibility, the
system incorporates cloud-based storage and
analytics. The analyzed data, prediction reports,
and monitoring results are securely stored in the
cloud for remote access and management.
Advanced analytics tools are used to identify
behavioral trends, emotional fluctuations, and
high-risk user groups. The system also supports
continuous learning by updating the machine
leaming models with newly collected social
media data, ensuring adaptability and improved
long-term performance.

performance  for  complex

Storage.

Fig 1: System Architecture
IV.  RESULTS AND DISCUSSION
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The proposed machine learning-based mental
health risk detection system was evaluated using
various performance metrics such as accuracy,
precision, recall, Fl-score, and response
efficiency. The experimental analysis was
conducted on social media datasets containing
textual posts related to depression, anxiety, stress,
and emotional behavior. The results demonstrate
that the proposed system effectively identifies
mental health risks with high prediction accuracy
and reliable performance.

The machine learning and deep learning models
were tested under different conditions to evaluate
their classification capability. Among the
implemented models, the Long Short-Term
Memory (LSTM) network achieved the highest
prediction accuracy due to its ability to analyze
sequential textual pattems and contextual
emotional expressions. Traditional machine
leaming algorithms such as Support Vector
Machine (SVM), Random Forest, and Naive
Bayes also produced satisfactory results with
comparatively lower computational complexity.

The sentiment analysis module successfully
identified emotional polarity and behavioral
changes from user-generated social media
content. Positive, negative, and neutral
sentiments were accurately classified, enabling
the system to detect psychological distress
indicators at an early stage. The integration of
Natural Language Processing (NLP) techniques
improved feature extraction efficiency and
enhanced overall system performance.

The experimental results also indicate that the
system performs efficiently in real-time
monitoring environments. The average response
time remained low even while processing large
amounts of social media data. However, slight
variations in accuracy were observed when
analyzing noisy textual content, slang language,
and multilingual social media posts. Despite
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these challenges, the proposed system maintained
stable and reliable performance across different
datasets.

Overall, the proposed framework demonstrates
strong scalability, robustness, and suitability for
practical mental health monitoring applications.
The system can assist healthcare professionals,
counselors, and support organizations in
identifying high-risk individuals and enabling
proactive mental healthcare intervention.

Table 1: Performance Comparison of
Machine Learning Models

Model | Accurac | Precisio | Reca | F1-
y (%) n (%) 11 Scor
(%) |e
(%)
Naive | 84 82 81 81
Bayes
Rando | 88 87 86 86
m
Forest
SVM 91 90 89 89
LSTM | 95 94 93 93

Table 2: Sentiment Classification Performance
Sentiment Type | Detection Accuracy (%)
Positive 92

Neutral 88
Negative 94
Table 3: System Response Analysis
Data Response Time | Efficiency
Volume (sec) (%)
Low 1.1 96
Medium 1.8 92
High 2.6 87
Discussion

The experimental findings indicate that the
proposed framework effectively detects mental
health risks using social media analytics and
machine leaming techniques. The LSTM model
achieved the highest accuracy because of its
capability to understand contextual dependencies
and emotional patterns within textual data.
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Traditional machine learning algorithms such as
SVM and Random Forest also demonstrated
strong performance with lower training
complexity.
Another important  observation is the
effectiveness of sentiment analysis in identifying
negative emotional behavior associated with
depression and anxiety. The system successfully
recognized  stress-related expressions and
emotional instability from social media posts,
which significantly contributed to early-stage
mental health prediction.
The response analysis further shows that the
system maintains acceptable efficiency even
while processing large-scale social media
datasets. Although response time slightly
increases with higher data volume, the
framework remains suitable for real-time
applications. Future improvements may include
multilingual text analysis, sarcasm detection, and
integration of multimodal data such as images
and voice-based emotional analysis to further
improve prediction accuracy and reliability.

V. CONCLUSION
This paper presented a machine leaming-based
framework for early mental health risk detection
using social media analytics. The proposed
system utilizes Natural Language Processing
(NLP), sentiment analysis, and machine learning
techniques to analyze user-generated social
media content and identify signs of mental health
disorders such as depression, anxiety, stress, and
suicidal behavior. By automating the analysis
process, the system reduces dependency on
traditional manual psychological assessments and
supports timely mental health intervention.
The experimental results demonstrate that the
proposed framework achieves high prediction
accuracy and reliable performance in detecting
emotional and behavioral patterns from social
media data. Deep leaming models, particularly
Long Short-Term Memory (LSTM) networks,
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showed superior classification capability due to
their effectiveness in understanding contextual
and sequential textual information. The
integration of sentiment analysis and feature
extraction techniques further improved the
efficiency and accuracy of mental health risk
prediction.

In addition, the proposed system supports real-
time monitoring and early warning generation,
enabling healthcare professionals and support
organizations to identify high-risk individuals at
an early stage. The cloud-based analytics and
monitoring capabilities enhance scalability,
accessibility, and decision-making efficiency.
Although minor challenges such as noisy textual
data, multilingual content, and privacy concems
remain, the system overall demonstrates strong
robustness and practical applicability for real-
world deployment.

In conclusion, the proposed framework provides
an intelligent, scalable, and cost-effective
solution for early mental health risk detection
through social media analytics. Future work can
focus on improving multilingual sentiment
analysis, integrating multimodal emotional data
such as speech and facial expressions, and
enhancing explainable Al techniques to further
improve transparency, reliability, and overall

system performance
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