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Abstract
Pattern differentiation and treatment determination constitutes the core diag-
nostic and therapeutic thinking in Traditional Chinese Medicine (TCM) and
represents the key determinant of clinical efficacy. At present, research based on
clinical data serves as the principal methodology for exploring TCM syndrome-
treatment patterns; however, such approaches have failed to genuinely and com-
prehensively dissect the intrinsic relationships among the critical factors of “dis-
ease - pattern - formula - herb - efficacy,” consequently yielding research out-
comes of limited clinical value. Therefore, we systematically delineate core chal-
lenges including the suboptimal alignment between electronic medical records
and clinical research requirements, the influence of data governance on data
accuracy, and the inadequacy of existing data analysis methodologies in exca-
vating TCM syndrome-treatment patterns. Within a data-driven framework, we
propose the establishment of a big data platform for TCM clinical research and
the development of artificial intelligence-centric data governance and analytical
technologies, thereby realizing the integration of clinical practice and scientific
research, furnishing novel concepts and methodologies for investigating TCM
syndrome-treatment patterns, and advancing the development of Traditional
Chinese Medicine.
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Abstract

Treatment based on syndrome differentiation constitutes the core diagnostic
and therapeutic thinking of Traditional Chinese Medicine (TCM) and is criti-
cal to determining clinical efficacy. Currently, research based on clinical data
represents the primary method for exploring the law of TCM syndrome and
treatment. However, these studies have not truly and comprehensively ana-
lyzed the intrinsic relationships among the key factors of “disease-syndrome-
formula-medicine-effect,” resulting in research findings with low clinical value.
Therefore, we systematically examined the core problems of poor matching be-
tween electronic medical records (EMR) and clinical research requirements, the
impact of data governance on data accuracy, and the difficulty of current data
analysis methods to uncover TCM syndrome and treatment patterns. In the
context of data-driven research, we propose establishing a big data platform for
TCM clinical research and developing AI-centered data governance and analysis
technologies to achieve the integration of clinical practice and research. This ap-
proach provides new ideas and methods for studying the law of TCM syndrome
and treatment, thereby promoting the development of TCM.

Keywords: Traditional Chinese medicine therapy; Law of syndrome and treat-
ment; Data driven; Data mining; Electronic medical record; Core problems;
Solving strategies

1. EMR as an Important Carrier for Research on the Law of TCM
Syndrome and Treatment

Treatment based on syndrome differentiation is considered the core diagnostic
thinking of TCM, representing the fundamental principle guiding clinical prac-
tice and the key to determining therapeutic efficacy. However, due to different
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syndrome differentiation systems, non-standardized terminology, complex clin-
ical situations, and the lack of holistic assessment of disease occurrence and
development—coupled with susceptibility to false appearances and subjective
factors—syndrome differentiation often varies among practitioners. This cre-
ates a situation of “different treatments for different individuals,” limiting the
inheritance and innovation of TCM. TCM follows a cyclical, spiraling develop-
ment pattern of “practice-theory-guiding practice-perfecting theory.” Research
on the law of TCM syndrome and treatment based on clinical data can un-
cover implicit knowledge of syndrome differentiation and treatment patterns,
summarizing diagnostic and therapeutic principles in response to holistic dis-
ease changes. This helps enhance the initiative and predictability of clinical
syndrome differentiation and improve therapeutic effectiveness.

Currently, with the increasing digitization of healthcare information, TCM
EMRs not only reflect the comprehensive application of principles, methods,
formulas, and medicines but also surpass other data sources in terms of au-
thenticity and reliability. Therefore, research on the law of TCM syndrome and
treatment based on EMRs can discover hidden therapeutic knowledge. However,
existing studies have not truly dissected the intrinsic relationships among the
key factors of “disease-syndrome-formula-medicine-effect,” yielding low clinical
value. This deficiency stems from a series of underlying problems.

2. Core Problems in Data-Driven Research

2.1 Poor Matching Between EMR and Clinical Research Require-
ments EMRs were originally designed to facilitate clinical workflows and hos-
pital management, inevitably creating mismatches with clinical research require-
ments. First, the effectiveness of clinical treatment forms the foundation for
data-driven TCM research. Currently, there is no suitable method for evaluat-
ing clinical efficacy in TCM, making it difficult to scientifically and objectively
interpret the actual therapeutic effects documented in EMRs. Consequently, the
applicability of research findings based on EMRs for guiding clinical practice re-
mains questionable. Second, although there has been increasing emphasis on
establishing integrated clinical-research platforms in recent years, several objec-
tive factors persist regarding clinical data: (1) Low quality: Due to factors such
as lack of standardized TCM clinical terminology, incomplete documentation by
healthcare staff, inadequate quality control by medical institutions, and varying
patient conditions, the obtained data information is often not detailed or accu-
rate. (2) Complex structure: Various hospital information system databases—
including Laboratory Information System (LIS) data, Picture Archiving and
Communication Systems (PACS) data, and Hospital Information System (HIS)
data—have not achieved true integration, resulting in complex structures with
predominantly unstructured text information that hinders data processing and
application. (3) Information “islanding”: Data from different regions, hospital
levels, and categories exhibit variations and relative isolation. Combined with
the inherent characteristics of non-standardized data that limit sharing, as well
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as immature collaboration mechanisms, uneven distribution of interests, and
incomplete legal frameworks, data remains fragmented.

2.2 Data Governance Affecting Data Traceability, Completeness, and
Accuracy

2.2.1 Data Extraction The process of extracting data from storage mod-
ules presents numerous challenges. Variable information across different mod-
ules varies in format, values, completeness, and accuracy. Moreover, extraction
methods—including manual entry, system export, and electronic data capture
(EDC) technology tools—affect data accuracy and security. Simultaneously, the
lack of unified, standardized collection guidelines complicates and prolongs the
extraction process.

2.2.2 Data Cleaning Currently, there remains no complete, standardized,
and effective system of TCM clinical medical terminology standards. Although
researchers can refer to textbooks, pharmacopeias, and syndrome guidelines to
standardize disease names, syndromes, and herbal medicines, this still leads to
data inaccuracies. For example, categorizing “Fa Banxia” (processed pinellia)
or “Jiang Banxia” (ginger pinellia) simply as “Banxia” (pinellia), or classify-
ing “vertigo,” “headache,” and “dementia” under chronic cerebral ischemia in-
evitably introduces biases into research results. When structuring text data,
natural language processing (NLP) technology is primarily employed, but it suf-
fers from labor-intensive processes, sensitivity to data conditions, and poor rule
transparency. Additionally, various methods for handling outliers, anomalies,
and missing values—such as mean imputation for missing data and smooth-
ing for outliers—each have their own advantages and disadvantages and fail to
adequately resolve these issues.

2.3 Difficulty in Analyzing Complex Relationships

2.3.1 Limitations of Data Analysis Methods Themselves Based on con-
structed databases, data analysis methods are employed to uncover implicit syn-
drome and treatment patterns. However, current approaches are constrained by
the inherent limitations of various algorithms, lack technological innovation, and
have not integrated TCM academic thinking. provides a brief summary of the
defects in data analysis methods.

2.3.2 Difficulty in Analyzing the Complex System of “Disease-
Syndrome-Formula-Medicine-Effect” Complex, non-uniform, asymmet-
ric, and non-additive causal relationships exist between syndromes and their
related factors. Meanwhile, treatment methods follow syndrome establish-
ment and change, while formulas derive from methods and are composed
of medicines. This flexibility and principled nature of therapeutic methods
and formulas reflects the complexity of TCM’s dynamic thinking. However,
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various data analysis algorithms explore correlations with syndromes based
on extracted high-frequency syndrome elements and laboratory indicators,
ignoring the fact that these relationships are not simple linear associations and
separating the intrinsic connection between treatment methods and syndromes.
Additionally, when analyzing core formulas and medicines, it is important to
note that high-frequency drugs are not necessarily the core efficacy components
in formulas, and the reasonableness of relationships between drugs and thera-
peutic effects remains questionable. Furthermore, the lack of interdisciplinary
talent combining TCM, computer science, and mathematical statistics prevents
effective communication and integration across professional domains, leading
to fragmentation. Consequently, current data mining technologies remain
incapable of analyzing the implicit knowledge patterns of TCM.

3. Solving Strategies

3.1 Establishing a Big Data Platform for TCM Clinical Research In
recent years, the state has attached great importance to the analysis and uti-
lization of medical big data, issuing numerous policies to encourage hospital
exploration and emphasizing that medical data should originate from patients
and serve patients. This “data-driven” concept makes the construction of an
integrated clinical-research platform imperative. In implementation, it is nec-
essary to establish a national-level major disease-specific research data man-
agement platform, upgrade and optimize clinical systems, integrate HIS, LIS,
PACS, and other data, and collect clinical data information in a large-scale,
structured, and dynamic manner. Policies should be improved to explore disease-
specific data sharing mechanisms and integrate intra- and extra-hospital data
sources to achieve interconnectivity. The database should feature high quality
with macro-micro and pathophysiological integration, covering multi-level con-
tent including disease-symptom-syndrome-formula-medicine-related diagnostic
information, clinical biological samples, and multi-omics data. Additionally,
to ensure high data quality, a clinical-research integrated EMR quality con-
trol system and framework must be established. Based on healthcare workers’
emphasis on medical record quality and accurate documentation of patient con-
ditions, standardized electronic medical records should be created and quality-
controlled through corresponding clinical-research integration standards. Si-
multaneously, to standardize TCM terminology, principles of simplification,
systematicity, and consensus should be followed, combining the characteristics
of TCM terminology to establish conceptual and terminological systems for
TCM-related “etiology and pathogenesis, diagnosis, diseases, treatment princi-
ples and methods, and formulas,” standardizing TCM terms and definitions.
These methods should be continuously revised according to social conditions
and disciplinary development. Therefore, fundamental data problems can be
solved, achieving national-level, high-quality, structured clinical research data
that promotes clinical-research integration and facilitates research on the law of
TCM syndrome and treatment.
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3.2 Developing AI-Centered Data Governance and Analysis Technolo-
gies

3.2.1 Strengthening Data Governance Methods For data-driven clinical
research scenarios, the core technology of clinical-research integrated platforms
is the clinical data governance engine. Every step—from data governance to
analysis—requires technological support. In terms of data governance, future
trends point toward electronic and intelligent data collection and management.
A standardized data collection and entry guide must be specified, strictly fol-
lowed, and suitable EDC systems or electronic data management tools for TCM
should be actively created. Knowledge graphs, with their powerful semantic pro-
cessing and data organization capabilities, combined with advanced NLP and
other AI technologies, will enable automatic transformation of data into struc-
tured, standardized, and normalized formats. This fundamentally addresses
data quality and structural issues.

3.2.2 Organically Integrating TCM Thinking with AI Existing data
analysis methods still have inherent defects. Researchers must correctly un-
derstand the performance characteristics and implications of different methods,
selecting analysis approaches accurately and appropriately from various research
perspectives, or even combining multiple methods to leverage complementary
advantages through repeated mining, thereby enhancing result completeness
and systematicity. For example, analyzing TCM syndromes from symptom
and patient population perspectives using different methods and angles can
yield better research results. However, future data analysis methods oriented
toward simulating TCM syndrome and treatment thinking require continuous
development and innovation as crucial measures for achieving intelligent syn-
drome differentiation and treatment. Integrating knowledge graphs with TCM
characteristics and deep learning in AI, combined with algorithmic modeling of
logical rules and their introduction into machine neural networks, enables more
orderly and progressively deeper machine knowledge learning and understand-
ing under rule guidance. This promotes the construction and improvement of
deep neural network models, advancing AI-centered technology development.
Researchers have also proposed dual data-and-knowledge-driven methods, con-
structing domain-specific knowledge graphs and embedding them into neural
networks for training. Examples include embedding semantic network knowl-
edge graphs into Graph Neural Networks (GNN) for fusion research, and im-
plementing multi-relational reasoning for disease diagnosis based on laboratory
knowledge graphs and Logistic Regression (LR) algorithms. These approaches
provide ideas and references for developing targeted TCM syndrome differentia-
tion and treatment knowledge graphs and big data-fused AI algorithm models,
achieving data analysis technology that simulates the human brain and fully in-
tegrates TCM thinking for intelligent syndrome differentiation and treatment.

Overall, future efforts will create a clinical-research integrated platform with
high-quality, multi-dimensional data and intelligent research analysis, requiring
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collaborative efforts from interdisciplinary, applied, and cross-disciplinary tal-
ents in TCM, clinical research management, bioinformatics, computer science,
and statistics. This will emphasize comprehensive and coordinated development
of medical care and scientific research, forming a professional talent team.

4. Thoughts and Prospects

In today’s big data era, as data resources have become a national strategic
resource, China continuously advocates improving data utilization efficiency,
promoting data empowerment, and enhancing data value. However, some stud-
ies merely “speak with data” through simplistic data acquisition and analysis for
decision-making and action—processes that are insufficiently automated, intelli-
gent, or valuable. In contrast, data-driven approaches provide guiding decisions
and actions through more automated, intelligent, and scientific data analysis
and processing, continuously generating positive feedback loops and promoting
decision optimization. Centered on lean analysis and data closed-loop concepts,
this ultimately forms a decision-making and action system based on data. Based
on this, researchers use continuously emerging clinical data to explore the law
of TCM syndrome and treatment, representing both the inheritance of TCM
theoretical thinking and its continuous exploration and innovation. However,
due to issues such as low-quality TCM clinical data, complex structures, frag-
mentation, and limitations in data governance and analysis technologies, results
cannot comprehensively and accurately cover the complex relationships among
disease, symptom, formula, and medicine, yielding low value for guiding clinical
syndrome differentiation and treatment.

This paper systematically examined existing core problems and identified key
difficulties in using clinical data for scientific research. Therefore, following
the principle of clinical-research integration, we propose establishing a big data
platform for clinical research and developing AI-centered data governance and
analysis technologies, providing ideas and directions for building a national re-
search platform and technological innovation. However, most medical institu-
tions currently lack the platform conditions and professional research teams
needed to conduct standardized clinical research, inevitably facing challenges
in data resource integration, sharing, management, and analysis. Therefore,
achieving clinical-research integration is a long-term and arduous process in-
volving the evolution and optimization of many core aspects of clinical practice,
medical management, and technology. This requires national government atten-
tion to the comprehensive development of medical care and scientific research,
continuous efforts from medical institutions and interdisciplinary talents, coordi-
nated cooperation, and the gradual establishment of mechanisms and platforms
conducive to translating research findings into clinical application, ultimately
realizing TCM inheritance and innovation.
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