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Abstract 
Healthcare's vast data volume is rapidly growing, of which over 80% is unstructured 

clinical notes, medical images, literature publications and social conversations. This 

big text data hides invaluable insights to enhance decisions, outcomes and discoveries. 

Natural language processing (NLP) enables extracting value from narratives using 

linguistics understanding to automatically convert free-text to structured data. This 

paper discusses NLP techniques applied in healthcare and practical benefits achieved. 

For electronic health records, dictionary and machine learning entity extraction 

accurately identifies clinical concepts like symptoms and treatments in notes for 

decision support, while relation extraction reveals links between medical problems 

and medications improving clinical modeling. Summarization of lengthy records also 

assists physicians. On social platforms, NLP helps accelerating discoveries by 

uncovering public health insights around outbreak forecasting, adverse drug events 

monitoring, and mental health conditions absent in curated medical datasets. For 

biomedicine's unstructured knowledge in publications, machine reading 

comprehension enables hypothesis generation and validation by answering complex 

questions with over 90% accuracy. While accuracy, security and interoperability 

challenges persist, innovations in transfer learning from language models like BERT, 

graph-based contextual representation, user-centered design and federated learning 

are overcoming adoption barriers. As ethical implications are addressed responsibly, 

NLP adoption is expected to rise steeply. Overall, NLP unlocks healthcare's big 

unstructured data, unlocking evidence and insights supporting improved clinical and 

operational outcomes, patient-centric care and transformative medical discoveries 

using AI techniques that perceive both the content and contexts encoded in natural 

language. 

Keywords: Natural language processing, Healthcare big data, Clinical text mining, 

Social media analytics, Biomedical literature mining, Healthcare insights 

Introduction 
In the contemporary healthcare landscape, the convergence of electronic health 

records (EHRs) and the proliferation of diverse healthcare information sources has 

propelled the industry into the realm of big data. The exponential growth of healthcare 

data is underscored by projections indicating that the global healthcare data volume is 

poised to attain 2,314 exabytes by 2020, with a compound annual growth rate (CAGR) 

of 36%. This surge in data quantity has positioned the healthcare sector at the forefront 

of harnessing big data analytics to derive meaningful insights, optimize operational 

efficiency, and enhance decision-making processes. One of the primary drivers behind 
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the adoption of big data analytics in healthcare is the realization of the vast untapped 

potential within the colossal repositories of health-related data. Electronic health 

records, being a cornerstone of modern healthcare, encapsulate comprehensive patient 

information, treatment histories, and diagnostic records. The integration of such data 

with external sources, including medical research databases, genomic information, 

and real-time patient monitoring devices, further amplifies the complexity and 

richness of the healthcare data landscape. 

The utilization of big data analytics in healthcare extends beyond mere data storage 

and retrieval. Healthcare organizations are increasingly deploying sophisticated 

analytical tools and algorithms to discern patterns, trends, and correlations within the 

voluminous datasets. These analytical endeavors empower healthcare professionals to 

extract actionable insights, facilitating evidence-based decision-making and 

personalized patient care. Predictive analytics, in particular, enables the identification 

of potential health risks and the customization of preventative measures, thereby 

contributing to proactive and preventive healthcare strategies. Moreover, the 

application of big data analytics in healthcare is pivotal in optimizing operational 

processes and resource allocation. From streamlining supply chain management to 

enhancing patient flow within healthcare facilities, data-driven insights offer a 

strategic advantage in achieving operational efficiency. Healthcare administrators 

leverage analytics to forecast patient admission rates, allocate resources judiciously, 

and improve overall service delivery. This not only enhances the quality of care but 

also mitigates the financial burden on healthcare systems by minimizing resource 

wastage. 

Interoperability and data integration emerge as critical challenges in the effective 

implementation of big data analytics in healthcare. The heterogeneity of data sources, 

coupled with varying data formats and standards, necessitates robust interoperability 

frameworks to ensure seamless data exchange and integration. Standardization efforts, 

such as the adoption of Health Level Seven International (HL7) standards and Fast 

Healthcare Interoperability Resources (FHIR), are instrumental in facilitating data 

interoperability and promoting a unified approach to healthcare data exchange. 

Despite the immense potential, the adoption of big data analytics in healthcare is not 

without ethical and privacy concerns. The sensitivity and confidentiality of health 

information mandate stringent data protection measures. Healthcare organizations 

must adhere to regulatory frameworks such as the Health Insurance Portability and 

Accountability Act (HIPAA) to safeguard patient privacy. Striking a balance between 

deriving valuable insights from healthcare data and ensuring patient confidentiality 

remains a paramount consideration in the ethical use of big data analytics in the 

healthcare domain. 

A defining characteristic of healthcare's big data is that over 80% consists of 

unstructured data, primarily in the form of text. This includes clinical notes, imaging 

reports, discharge summaries, correspondence between providers, contact center 

notes, social media posts, medical journal articles, clinical trial data, and more. 

Unfortunately, conventional analytics techniques work only on structured data fields. 

To analyze unstructured text and make healthcare's big data usable for actionable 

insights, advanced computational linguistics techniques are required. Natural 

language processing (NLP) provides such capabilities to automatically process 

narrative text data and convert unstructured information into machine-readable, 

structured data. NLP offers solutions on two levels - understanding text to derive 
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meaning and generating text from data. This allows unlocking insights contained 

within text documents and using these insights for improved decision making. 

This paper discusses the application of NLP techniques in the healthcare industry to 

derive value from unstructured big data. The scope encompasses NLP for major 

sources of healthcare text data - clinical documentation, social media conversations, 

and biomedical literature. For each data source, key NLP tasks and techniques are 

explained, followed by examples of real-world applications that have delivered 

clinical and business benefits. Current challenges and limitations hindering wider NLP 

adoption are analyzed, along with active areas of research and future directions. 

NLP for Clinical Documentation 
Electronic health records generate massive amounts of free-form clinical text 

documenting patient encounters, including physician notes, imaging exam 

impressions, correspondence, discharge papers and other narratives forming large 

repositories of big data across healthcare networks. But this unstructured data within 

EHR systems remains an untapped asset without computable value. NLP provides the 

capability to automatically interpret clinical narratives with advanced linguistics 

processing to encode medical language conventions and terminology usage into 

machine-readable structured output. Key techniques used are entity extraction with 

dictionary mapping and machine learning classifiers to detect critical information 

entities like symptoms, vital signs, diagnoses, medications from text to drive analytics, 

while relation extraction through recurrent neural network algorithms determines 

semantic links between problems and corresponding treatments or tests and results to 

represent clinical context for decision support. Information retrieval made possible 

through NLP allows point-of-care querying across patient records with higher 

accuracy than keywords to quickly gather relevant medical history. Likewise, 

summarization condenses lengthy notes generated over multiple encounters into 

concise overviews highlighting actionable insights to simplify chart review. Sentiment 

analysis estimates degree of positive or negative emotions and opinions regarding 

healthcare experiences detected in doctor-patient conversation documentation which 

offers unique cues into addressing gaps affecting satisfaction through natural language 

understanding capabilities. As NLP models continue maturing to represent both the 

content and contextual aspects within clinical narratives, adoption is accelerating 

across healthcare networks to unlock insights that can considerably enhance clinical 

workflows, improve outcomes and elevate patient-provider interaction through 

evidence derived from unstructured EHR text analytics. 

Key NLP Tasks and Methods: Some key NLP techniques applied to EHR 

documentation are: 

1.Entity Extraction: Identifying clinical entities like symptoms, diagnoses, tests, 

treatments, dosages from text and linking these to ontology concepts. Dictionary 

lookup, rule-based parsers, machine learning for entity classification. 

2.Relation Extraction: Identifying relations between clinical entities to capture 

semantic meaning. For example, relations between problems and treatments, or 

between tests and results. ML algorithms like recurrent neural networks.  

3.Information Retrieval: Quick access to patient information required for decision 

making, encoded within clinical notes. NLP can overcome lack of structure and 

encoding inconsistencies. Statistical algorithms like TF-IDF to search medical 

ontologies.   
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4.Summarization: Condensing lengthy patient histories and critical information from 

multiple notes over time into concise summaries. Helps clinicians make informed 

decisions faster. Extractive and abstractive methods using semantic analysis. 

5.Sentiment & Opinion Mining: Determining experiential aspects from patient-doctor 

interactions described in clinical text. For example, patient satisfaction, emotional 

state, care experience. Lexicon-based approaches combined with natural language 

understanding. 

Table 1 provides an overview of key NLP techniques for common unstructured data 

analytics tasks required in healthcare. 

Table 1. Overview of NLP Techniques for Healthcare Text Analytics 

Task NLP Techniques 

Entity Extraction Dictionary Lookup, Rule-based Parsing, ML Entity 

Classification 

Relation Extraction Recurrent Neural Networks, Knowledge Graphs 

Information Retrieval Statistical Algorithms (TF-IDF), Search in Medical 

Ontologies 

Summarization Extractive & Abstractive Methods, Semantic 

Analysis 

Sentiment & Opinion 

Mining 

Lexicon-based Approaches, Natural Language 

Understanding 
 

Real-World Applications and Impact 
NLP is gaining rapid adoption by healthcare systems to extract value from 

unstructured clinical notes and transform delivery. Entity extraction has enabled 

efficient screening of patient records to identify eligible candidates for clinical trials 

based on criteria in narrative eligibility criteria, raising enrollment rates three-fold. 

Automated coding of clinical text achieved through mastering classification improves 

coder throughput by over 20% and minimizes claim denial revenue losses. Clinical 

decision support apps provide timely, patient-specific assessments like probable 

diagnosis predictions and treatment options directly at point-of-care by analyzing 

notes, cutting mortality by 60% in ventilated patients. Pharmacovigilance from 

discharge summaries better detects adverse medication reactions not reported 

otherwise, strengthening drug safety monitoring. Patient risk scoring adjusts 

dynamically scanning new documentation. Historical patterns within clinical text also 

inform predictive forecasting models anticipating near-term complications. By 

accounting for Experiential aspects like emotional state captured in provider 

comments but absent from structured fields, sentiment analysis is enabling 

personalized care plans and identifying drivers of patient dissatisfaction. Unlocking 

insights from unstructured patient data is transforming clinical workflows, medical 

decisions and health outcomes through NLP's ability to encode natural language 

contained in EHRs into predictive, actionable and intelligible data assets that provide 

evidence supporting precision medicine. 

Table 2 shows sample statistics reflecting the clinical and business impact achieved 

by healthcare organizations from unlocking insights in clinical text with NLP across 

key objectives. 

Table 2. Sample Statistics on NLP Impact in Healthcare Organizations 

Key Objective Sample Statistics on NLP Impact 
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Clinical Trial Recruitment Matched trial eligibility criteria 3x more 

successfully  

Revenue Cycle 

Management 

Increased coder productivity by 20-30%  

Clinical Decision Support Reduced mortality rates by over 60%  

Pharmacovigilance Doubled adverse drug event detection rates  
 

Current Challenges Hindering Wider Adoption: Despite proven benefits, NLP 

adoption in healthcare still faces barriers like : 

1. Interoperability: Varied EHR documentation formats and lack of standardized 

templates impede mining insights across healthcare networks. For example, syntactic 

and semantic variability in how patient history is recorded across sites. 

2. Data Quality: Errors and inconsistencies in clinical documentation like ambiguity, 

incompleteness, misspellings negatively impact NLP accuracy. Physician frustration 

with EHRs exacerbates documentation quality issues. 

3. Privacy & Security: Health data privacy regulations complicate access to patient 

records required for developing accurate NLP solutions. Hospitals also fear security 

threats and operational risks from third-party NLP vendors.  

4. Historic Data Availability: Insufficient longitudinal patient data documented 

digitally obstructs identifying clinical patterns. Most records remain paper-based 

further limiting NLP applicability. 

5. Reporting Needs: Defining precise analytics requirements needed from 

unstructured data is difficult for healthcare providers lacking technical capabilities and 

data science resources. This impacts deploying suitable NLP solutions. 

6. Interpretability vs Accuracy: Inherent trade-off between performance metrics poses 

deployment challenges. Healthcare users mistrust black-box NLP predictions and 

demand explanations from transparent algorithms. 

The lack of standardization coupled with data complexity introduce technical barriers, 

while organizational constraints related to change management cause inertia in 

adopting AI-based solutions like NLP. 

Future Outlook and Emerging Trends 
Nonetheless, NLP is projected to become integral to mainstream medicine as a key 

enabler leveraging big data analytics for evidence-based care. Ongoing research 

focused on adapting NLP to medical language conventions and terminology usage 

will lead to performance improvements. 
Some emerging trends shaping NLP's future role in healthcare include: 

1. Transfer learning from language models like BERT allows creating accurate NLP 

pipelines faster across varied use cases. 

2. Graph-based knowledge representations are overcoming challenges in encoding 

clinical contexts, relations and temporality. 

3. User-centered design approaches place clinicians directly within the NLP 

development process to simplify adoption.   

4. Hybrid human-machine solutions combining automated analysis with human-in-

the-loop supervision bridge the interpretability-accuracy gap. 

5. Federated learning the paradigm will facilitate collaborative learning without 

exposing patient data by decentralizing model development across institutions. 

Overall, best practices for successfully deploying and scaling NLP strategies are 

emerging within healthcare groups pursuing data-driven transformation. Academic 
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medical centers are catalyzing research on NLP's medical applications. Technology 

vendors are also introducing solutions suites and partnering healthcare providers on 

targeted analytics projects to demonstrate return on investment. 

With appropriate evidence-based validation, NLP adoption is expected to rapidly 

accelerate, unlocking transformative benefits from big data to reimagine the future of 

evidence-based precision medicine. 

Social Media and NLP for Healthcare Insights: Beyond medical records, social 

media has emerged as a vast source of patient experiences and opinions sharing 

valuable information often not captured through formal healthcare processes. Twitter 

alone generates 500 million tweets daily with increasing content about health. NLP is 

invaluable for converting such unstructured big data into actionable insights for 

improving care services. 

Analysis of social conversations yields the patient perspective on healthcare issues 

generally unavailable in medical databases. Social NLP helps segment patient 

populations more intricately and enables understanding niche sub-groups. As an 

example, mining infertility-related conversations provided insights into differences in 

support needs between urban and rural patients. 

Some key applications of NLP in analyzing healthcare-related social data include: 

1. Infodemiology – Deriving epidemiological trends from analyzing content sharing 

patterns about diseases, treatments etc.   

2. Sentiment analysis – Identifying patient opinions and emotions regarding 

healthcare services, policies, providers etc. 

3. Risk factor identification – Discovering posts indicating lifestyle choices or 

behavior that increase health risk likelihood. 

Table 3 shows sample NLP implementations on social data generating useful 

healthcare insights. 

Table 3. Example NLP Implementations on social media for Healthcare Insights   

Data Source Use Case Insights Derived 

Twitter Tracking infectious disease 

outbreaks 

Early warning signs for the 

spread of flu 

Online health 

forums 

Analyzing patient experiences 

managing diabetes 

Key challenges faced in diet 

planning 

Reddit Monitoring medication side-

effects 

Adverse events not detected 

during trials 

Youtube Examining viewer comments 

on medical procedure videos 

Identifying information gaps 

and misconceptions 

Amazon 

reviews 

Assessing patient feedback on 

medical devices 

Product deficiencies and 

desirable improvements 
 

Thus, NLP applied to vast volumes of unstructured social data provides invaluable 

patient-centered insights to improve population health outcomes by: 

1. Enabling better lifestyle disease management through health education and targeted 

interventions tailored to community needs and attitudes. 

2. Strengthening healthcare policies, regulations, and delivery by factoring in patient 

experiences and preferences.   

3. Developing patient engagement communication strategies addressing concerns and 

information gaps. 

However, social NLP also raises technology ethics challenges regarding consent, 

transparency, and privacy that warrant careful consideration. 
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NLP for Biomedical Literature Mining: Tremendous amounts of unstructured 

knowledge is recorded in millions of published biomedical research articles and health 

science journals. Unlocking this knowledge has great potential to accelerate medical 

discoveries and scientific breakthroughs. For instance, gleaning drug-related insights 

from decades of publications fast-tracks developing targeted therapies. But mining 

such unstructured big data manually is impossible. NLP provides the techniques to 

automate search, extraction, and analysis - converting text from volumes of literature 

into machine-readable biomedical data. 

Some key applications of NLP-driven biomedical literature mining are:  

1. Semantic search and question answering: For researchers to find precise answers to 

complex questions across massive text corpora impossible through keyword search.  

2. Hypothesis generation: Identifying novel connections between biomedical 

concepts, events, genes, proteins etc. to uncover promising research directions. 

3. Biomarker discovery: Automatically associating disease mentions with genomic 

entities across literature to discover diagnostic markers. 

4. Drug repurposing: Linking compound-protein interactions with disease pathways 

across publications suggests additional therapeutic indications for existing drugs.  

5. Competitive intelligence: Patent mining using NLP determines research trends and 

activities of drug companies to understand the competitive landscape. 

Core NLP techniques like named entity recognition, relation extraction, temporal 

reasoning, and event trigger identification enable literature mining use cases. 

Additionally, domain-specific vocabularies, ontologies, and metadata are used to 

overcome lexical and semantic complexities in scientific language.   

For instance, machine reading comprehension approaches like Biomedical Extractor 

and Reasoner accurately answered complex questions from cancer text with over 90% 

precision by encoding domain knowledge into software agents.  

Overall, NLP delivers the breakthrough capability of perceiving the biomedical 

literature as one massive, interconnected, and computer-readable knowledge graph. 

This creates boundless possibilities for accelerating healthcare discoveries through AI 

in the future. 

Conclusion 
Advanced Natural Language Processing (NLP) techniques play a pivotal role in 

harnessing the vast volumes of unstructured big data within the healthcare domain. 

One of the significant applications is the automated extraction of valuable information 

from clinical notes, aiding clinicians in making more informed care decisions and 

ultimately improving patient outcomes. By employing sophisticated NLP algorithms, 

healthcare systems can sift through extensive clinical documentation, extracting 

pertinent details, and presenting a concise and relevant summary for medical 

professionals. This not only streamlines the information retrieval process but also 

ensures that critical insights are not overlooked, contributing to more efficient and 

effective healthcare delivery. Furthermore, the integration of NLP in healthcare 

extends beyond clinical settings to leverage patient-generated content on social media 

platforms. Analyzing patient expressions and experiences shared online provides a 

rich source of experiential context. This invaluable information can be utilized to 

enhance health services, enabling healthcare providers to better understand patient 

perspectives, preferences, and concerns. By tapping into the wealth of social media 

data, healthcare organizations can adapt their strategies, improving patient 
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engagement and satisfaction. Additionally, monitoring social media discussions 

allows for the early detection of emerging health trends or potential outbreaks, 

facilitating proactive public health interventions. 

In the realm of scientific research, NLP proves instrumental in accelerating 

discoveries within the biomedical domain. The vast amount of biomedical literature 

available poses a challenge for researchers to stay abreast of the latest advancements. 

NLP algorithms can efficiently process and analyze scientific texts, automatically 

extracting key insights, relationships, and trends. This not only expedites the literature 

review process but also aids researchers in identifying gaps in knowledge and 

potential avenues for further investigation. The ability of NLP to navigate and 

comprehend the intricacies of biomedical language facilitates the synthesis of 

information from diverse sources, fostering interdisciplinary collaboration and 

contributing to the rapid evolution of medical knowledge. Moreover, the application 

of NLP in biomedical literature mining goes beyond information retrieval. It enables 

the creation of knowledge graphs, semantic annotations, and other structured 

representations that enhance the accessibility and interoperability of research findings. 

Researchers can utilize these structured data outputs to build comprehensive models, 

perform meta-analyses, and generate new hypotheses. The result is a more dynamic 

and collaborative research environment, where NLP serves as a catalyst for innovation 

by empowering scientists with tools to navigate and extract meaningful insights from 

the ever-expanding body of biomedical literature. 

While accuracy and interpretability challenges remain, continuous technology 

innovations on multiple fronts are overcoming barriers to adoption. Cloud computing 

scale and efficiency facilitates applying complex deep learning NLP solutions. 

Transfer learning and pre-trained language models accelerate development of 

customized applications. Graph databases capture biomedical semantics more 

precisely. Interactive visualizations present multi-dimensional insights simply.  

As algorithms continue maturing, NLP adoption will rapidly gain momentum across 

the healthcare ecosystem to inform decision making at point-of-care, population 

health management, public policy, and life sciences R&D. This will unleash the true 

potential of healthcare's big data to transform medicine into a proactive, predictive, 

and patient-centric science focused on delivering precise, personalized, and timely 

interventions for optimizing health outcomes. 
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