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ARTICLE INFO ABSTRACT
Published: 28 Jun 2025 Social media provides information about patients' health issues, including medication
Keywords: side effects and unsuccessful treatments. Social media patient reports of adverse drug
Medical Knowledge base, events (ADEs) have the potential to significantly enhance pharmacovigilance
Semantic Filtering, Medical procedures as they are today. In health informatics, obtaining these reports is still
entity Extraction difficult, though. In this study, we develop a research framework with advanced natural
DOI: language processing techniques for integrated and high-performance ADE extraction.
10.5281/zenodo.15758051 The framework consists of medical entity extraction, ADE detection using shortest

dependency path kernel-based statistical learning, semantic filtering using medical
knowledge bases, and report source classification to reduce noise. Experiments were
conducted using posts from major U.S.-based diabetes and heart disease forums. The
results show each component significantly improves overall effectiveness. Our
framework significantly outperforms previous methods.

INTRODUCTION clinicians. These issues, if unrecorded, can lead to

non-compliance and preventable adverse events.
In recent years, more patients have shared their ~ Mining such data from social media is a novel
healthcare experiences online—creating a "cloud  approach to capture evidence about drug
of patient experience." Social platforms such as  effectiveness, compliance, and safety—providing
blogs and forums allow patients to share insights that are often missed in clinical settings.
diagnoses, treatments, medications, and side  An adverse drug reaction (ADR) is defined as “a
effects, especially for chronic conditions like  harmful or unpleasant reaction resulting from the
hypertension, diabetes, and heart disease. Self- yse of a medicinal product,” warranting

reports from patients frequently highlight medical  intervention such as treatment modification or
issues and drug side effects overlooked by drug withdrawal.
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Work Related °

e Pharmacovigilance in Health Social Media
Social media has become a crucial source for
pharmacovigilance, where users often report
adverse drug reactions that may not be
officially documented.

e Biomedical Relation Extraction

Limited use of advanced statistical learning in
social media ADE research.

Over-reliance on co-occurrence analysis,
which misses syntactic/semantic context.
Difficulty in distinguishing true patient
experiences from noise or third-party
narratives.

Extracting biomedical relations (e.g., gene- Research Questions:

disease or protein interactions) has been

extensively studied. Methods include co- I
occurrence analysis, rule-based systems,
statistical learning, and hybrid approaches. 2.

e Research Gaps and Questions
Key issues identified include:

How can we create a scalable framework for
mining patient-reported ADEs?

Can semantic filtering and statistical learning
improve ADE extraction?

How can we isolate true patient-reported
ADEs in noisy data?
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Research Method L
e Data Collection
An automated crawler and extractor were built

to collect forum data including post IDs,
URLSs, authors, dates, and content.
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Data Preprocessing

Text cleaning using regular expressions
removed URLs, personal data, and excess
punctuation. Sentence segmentation was
performed using Open NLP.
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e Adverse Drug Event Extraction
Forum discussions use informal language,
requiring a hybrid of machine learning and
rule-based methods. We wuse statistical
learning for relation detection and semantic
rules to filter drug indications and negated
ADEs.

Semantic Filtering

Our algorithm filters out false positives using drug
safety databases and negation detection tools,
improving precision.

Research Hypotheses

e Hla: Statistical learning outperforms co-
occurrence methods.

e Hl1b: Semantic filtering enhances extraction
accuracy.

e H2: Report source classification improves
identification of true ADE reports.

Experiments and Results

= Research Test Bed
We gathered data from leading U.S. forums
such as:

e American Diabetes Association

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

¢ Diabetes Forums
e Med Help’s Heart Disease boards

These platforms support patients managing
chronic  conditions  through  community
interaction.

¢ Evaluation Metrics

Standard metrics (Precision, Recall, FI-Score)
were used to evaluate the system's performance.

Experiments
Three main tasks:

1. Medical Entity Extraction
2. ADE Extraction
3. Report Source Classification

5-fold cross-validation was used. Each fold trained
on 80% of labeled data, tested on 20%.

* ADE Extraction

400 annotated sentences per forum were used to
evaluate drug-medical event relations within
single sentences.

RESULTS AND DISCUSSION
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Results of medacal entity extraction.
Forum name Ennty type  Precsion Recall A
(X) %) %)
Amencan Diabetes Drug 930 917 923
Association Medical 873 803 86
vent
Duabetes Forums Drug 825 87.1 897
Medical 885 787 825
event
Dizbetes Forum Drug 914 864 888
Medical 854 783 80.7
event
MedHelp (hean disease Drug 943 813 §73
Medical 793 735 %3
svent
Fig 3
ADE Extraction e Statistical learning (SL)
e SL + Semantic Filtering (SL+SF)
We compared:
SL+SF performed best across metrics
e Co-occurrence method (CO)
Forum name Method Precision (%) Recall (%) FI (%)
American Diabetes co 36.2 100.0 53.2
Association SL 62.0 56.5 59.1
SL+SF 820 56.5 66.9
Diabetes Forums cO 37.7 100.0 54.8
SL 64.2 604 62.2
SL+SF 786 604 62.2
Diabetes Forum co 338 100.0 50.5
SL 62.5 58.0 60.2
SL+SF 752 58.0 65.5
MedHelp (heart disease) co 44.9 100.0 62.0
SL 65.4 65.3 65.3
SL+SF  80.7 65.3 72.2
Fig.4
Hypothesis Testing hypotheses,  with  statistically  significant
improvements from SL and SL+SF.
We conducted one-tailed t-tests (n=50 samples)
using bootstrapping. Results validated all
Significance test on F1 for hypotheses testing
Significance test on FI
Hypothests Significance level
Hla SL>(0 00
Hib S+SPR 0.021'
H RSC > Without RSC 00"
Fig. 5
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CONCLUSIONS AND CONTRIBUTIONS

Social media offers unfiltered, real-time insights
patient  healthcare Our
framework:

into experiences.

e Outperforms traditional pharmacovigilance
methods
Leverages machine learning and semantic
filtering

Identifies true patient reports in noisy data

This contributes to safer, patient-informed
healthcare by enhancing adverse drug event
detection in informal digital environments.
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