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Background: The complexity and rapid progression of lesions in diabetic kidney disease pose significant challenges for clinical diagnosis and treatment. The advantages of Traditional Chinese Medicine (TCM) in diagnosing and treating this condition have gradually become evident. However, due to the disease’s complexity and the individualized approach to diagnosis and treatment in Traditional Chinese Medicine, Traditional Chinese Medicine guidelines have limitations in guiding the treatment of diabetic kidney disease. Most medical knowledge is currently stored in the process of recording medical records, which hinders the understanding of diseases and the acquisition of diagnostic and treatment knowledge among young doctors. Consequently, there is a lack of sufficient clinical knowledge to support the diagnosis and treatment of diabetic kidney disease in Traditional Chinese Medicine.
Objective: To build a comprehensive knowledge graph for the diagnosis and treatment of diabetic kidney disease in Traditional Chinese Medicine, utilizing clinical guidelines, consensus, and real-world clinical data. On this basis, the knowledge of Traditional Chinese Medicine diagnosis and treatment of diabetic kidney disease was systematically combed and mined.
Methods: Normative guideline data and actual medical records were used to construct a knowledge graph of Traditional Chinese Medicine diagnosis and treatment for diabetic kidney disease and the results obtained by data mining techniques enrich the relational attributes. Neo4j graph database was used for knowledge storage, visual knowledge display, and semantic query. Utilizing multi-dimensional relations with hierarchical weights as the core, a reverse retrieval verification process is conducted to address the critical problems of diagnosis and treatment put forward by experts.
Results: 903 nodes and 1670 relationships were constructed under nine concepts and 20 relationships. Preliminarily a knowledge graph for Traditional Chinese Medicine diagnosis and treatment of diabetic kidney disease was constructed. Based on the multi-dimensional relationships, the diagnosis and treatment questions proposed by experts were validated through multi-hop queries of the graphs. The results were confirmed by experts and showed good outcomes.
Conclusion: This study systematically combed the Traditional Chinese Medicine diagnosis and treatment knowledge of diabetic kidney disease by constructing the knowledge graph. Furthermore, it effectively solved the problem of “knowledge island”. Through visual display and semantic retrieval, the discovery and sharing of diagnosis and treatment knowledge of diabetic kidney disease were realized.
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1 INTRODUCTION
Diabetic kidney disease (DKD) is a common microvascular complication of diabetes mellitus (DM) (American Diabetes Association, 2020; Microvascular Complications Group of the Chinese Medical Association Diabetes Branch, 2021). It is a chronic kidney disease (CKD) caused by diabetes, characterized by a high incidence and rapid progression. DKD is currently recognized as the leading cause of CKD and end-stage renal disease (ESRD) (United States Renal Data System | USRDS | NIDDK, 2023). Studies have demonstrated that DKD can affect multiple systems and organs in the body, increasing the risk of cardiovascular disease and all-cause mortality (Zhang et al., 2009; Liang et al., 2017). Traditional Chinese medicine (TCM) diagnoses and treats DKD through syndrome differentiation and treatment, showing high efficacy in relieving clinical symptoms, delaying DKD progression, improving renal function, and enhancing patients’ quality of life. The advantages of TCM’s multi-target and multi-pathway characteristics in DKD treatment have also become increasingly prominent (Lin et al., 2020). Therefore, the mining and comb of TCM knowledge for DKD diagnosis and treatment, as well as the construction of a knowledge graph, are of great significance in guiding the clinical prevention of DKD, controlling disease progression, and improving prognosis.
The knowledge graph is an emerging technology for large-scale knowledge management and intelligent services in the era of big data. It serves as a technical method to describe knowledge and model the association relationships between various entities in the world using graph models (Singhal A, 2012). Knowledge graphs possess key characteristics such as knowledge semantics, easy data association, and expandable data resources (Xiao et al., 2021). And knowledge graphs gather and organize scattered knowledge based on the perspective of “association relationship,” facilitating the integration and fusion of knowledge resources. Knowledge graphs provide an ideal solution to the challenge of “knowledge islands.” In recent years, knowledge graphs have found wide applications in the medical field (Yu et al., 2017; Li X. et al., 2020; Huang et al., 2021; Santos et al., 2022). They offer essential technical means to integrate, share, and deeply explore relevant knowledge on disease diagnosis and treatment. However, most research in this area tends to focus on technical methods, such as optimizing and embedding algorithms like Named Entity Recognition and Disambiguation (Ma et al., 2021; Li et al., 2022; Kurbatova and Swiers, 2021; Qi et al., 2021). There is still a limited number of studies addressing practical clinical problems using knowledge graph technology, and specific challenges remain in the current research on medical knowledge graphs.
1) The source of knowledge is ex parte.
The knowledge sources of existing studies are mostly based on authoritative data such as guideline literature (Yu et al., 2017; Rossanez et al., 2020; Zhu et al., 2020; Huang et al., 2021), or on electronic medical record data (Li L. et al., 2020). While constructing a knowledge graph based on authoritative data, like guidelines, can guarantee data accuracy, the complexity of clinical diagnosis arises from substantial variations among individual patients in the real world. Individual patient factors, including diet, mood, and genetics, can influence doctors’ medication choices, making sole reliance on guidelines unsuitable for all patients and potentially impacting treatment efficacy (Li L. et al., 2020). Additionally, the iterative updating of knowledge lags behind. With the development of medical informatization, electronic medical records (EMR) have been widely popularized (Cheng et al., 2013). EMRs document the entire diagnosis and treatment process, encompassing disease progression, examination results, and medical records. EMR data provides a comprehensive and accurate picture, including comorbidities, confounding factors, and the unique aspects that define individuals. However, EMR data also shows the problem of confusing data structure and the need for more authority. Therefore, an accurate grasp of data sources is crucial for acquiring information.
2) Data entity and relationships are embodied as coroughse granularity.
The medical knowledge graph primarily relies on ontology for construction, which involves defining classes, relationships, and attributes within the graph. Ontology construction mainly revolves around reusing existing ontologies in the field. The data layer supplements the ontology layer by extracting entities and relationships from the original data. However, this approach leads to a coarse granularity of the conceptual and relational data obtained, potentially resulting in a relatively weak clinical guidance effect. Clinical data still contains a significant amount of implicit information, and organizing, mining, and analyzing the data can enrich the entities, attributes, and relationships, allowing for the expansion of knowledge into more refined granularity.
Although research on the rules for TCM diagnosis and treatment of DKD has increased in recent years, most previous studies have relied on data mining technology to analyze the diagnosis and treatment rules of DKD from a limited perspective (Wang et al., 2014; Li et al., 2016; Li et al., 2019). The acquisition of DKD knowledge has been relatively one-sided and has not formed a comprehensive knowledge system, which has contributed to the delayed progress in research on TCM diagnosis and treatment of DKD. This paper integrated DKD’s TCM diagnosis and treatment guidelines, consensus, and actual medical records data. The previous data mining results are introduced into the construction of DKD TCM diagnosis and treatment knowledge graph, and the relationships in the map are given corresponding weights and levels. The construction of DKD knowledge graph of TCM diagnosis and treatment makes future DKD knowledge reasoning research possible. The knowledge graph can make the acquisition of DKD diagnosis and treatment knowledge more intuitive and convenient. Through the retrieval of the relationship between diagnosis and treatment, we can further discover the tacit knowledge of DKD in TCM diagnosis and treatment, and continuously iterate and update the TCM diagnosis and treatment knowledge of DKD.
2 MATERIALS AND METHODS
2.1 Overview of the research process
The objective of this study is to develop an authoritative and practical knowledge graph of TCM diagnosis and treatment for DKD, and facilitate the in-depth discovery of knowledge based on this framework. The construction process of the DKD TCM diagnosis and treatment knowledge graph primarily adopts an ontology-based construction method. The steps involved in this process include data preprocessing, data analysis, ontology construction, knowledge extraction, knowledge fusion, and knowledge storage. Once the graph construction is completed, it can be applied to knowledge visualization, knowledge retrieval, and knowledge discovery (Figure 1). In contrast to the traditional approach to knowledge graph construction, this study initially conducts data mining on the original data to enhance the accuracy and interpretability of the knowledge graph. Subsequently, the study mines and analyzes the implicit knowledge within the data based on the two-dimensional relationship. Therefore, the input sources incorporated in the graph construction mainly encompass the following:
1) High-quality data on TCM diagnosis and treatment guidelines for DKD.
2) Clinical medical record data of DKD in TCM.
3) Relational data obtained through data mining.
[image: Figure 1]FIGURE 1 | The construction and application process of TCM diagnosis and treatment knowledge graph of DKD. The main method is based on ontology. Specific steps include data preprocessing, data analysis, construction of the ontology layer, knowledge extraction, Knowledge fusion, and knowledge storage. After the construction of the graph, it is applied to knowledge visualization, knowledge retrieval, and discovery.
2.2 Data sources
The data sources of this study mainly include two aspects: 1) Guidelines, expert consensus, standards, and protocols related to TCM diagnosis and treatment of diabetic kidney disease. These include “Guidelines for the diagnosis and treatment of DKD combined with disease and syndrome (2022)" (Yu et al., 2022), “TCM diagnosis and treatment plan for wasting-thirst kidney disease (diabetic kidney disease) (2017)" (Dongzhimen Hospital of Beijing University of Traditional Chinese Medicine, 2017), “TCM diagnosis and treatment standards for DKD (2011)" (Gao et al., 2011), and “DKD diagnosis, syndrome differentiation, and efficacy evaluation standards (2007)." (Yang and Liu, 2007). 2) Effective inpatient medical records were obtained from DKD patients hospitalized at Kaifeng Hospital of TCM from December 2018 - June 2021 (A total of 1105 cases were included). The medical record data in this study contains the essential characteristics, symptom description (including the tongue, pulse, urine and stool), treatment principles and methods, prescription names, auxiliary examination results, and curative effect evaluation statements of DKD patients. The medical record data include disease diagnosis (Western medicine diagnosis, complications, comorbidities), TCM syndrome diagnosis and prescribed medication.
2.3 Data preprocessing
2.3.1 Data screening
The data included in this research were selected through a combination of primary database screening and manual secondary screening. The specific screening criteria were 1) a confirmed diagnosis of type 2 diabetic kidney disease. 2) Age ≥18 years old. 3) complete set of crucial information in patients’ data and medical records was complete. (The medical record information includes TCM diagnosis, western medicine diagnosis, staging diagnosis, syndrome diagnosis, chief complaint, current symptoms, etc. The laboratory examination information comprises at least two examinations on admission and discharge). 4) Information related to efficacy evaluation is available (after treatment, the main symptoms of DKD have improved significantly, relevant indicators have improved or returned to normal, and “obvious remission,” “obvious relief,” “obvious improvement,” “disappearance,” etc. appear in the description of discharge summary).
2.3.2 Efficacy evaluation analysis of data
As this study is retrospective, the included data are mainly medical records of real-world TCM diagnosis and treatment of DKD. To reduce bias caused by confounding factors and improve the accuracy and clinical applicability of atlas discovery knowledge. This study evaluated the efficacy of the included data through primary database screening and manual secondary screening validation methods. Concerning the “DKD diagnosis, syndrome differentiation, and efficacy evaluation standards (2007).” (Yang and Liu, 2007); “Studies about Specification of Syndrome Differentiation on Different Stages and Efficacy Evaluation Proposal for Diabetic Kidney Disease. (2017).” (Zhao et al., 2017), in combination with the data included in this study and the suggestions of experts in the field, the efficacy evaluation indicators of retrospective medical record data in this study were formulated (Table 1). Finally, 1105 DKD patients’ TCM diagnosis and treatment data were included.
TABLE 1 | Efficacy evaluation indicators of DKD.
[image: Table 1]2.3.3 Data standardization
Targeting the problems of irregular use of terminologies, confusion of concepts, and clutter of terminology information in the data included in this study, the data standardization process can normalize, organize and improve the quality of the data. In this study, the Western medical diagnosis was standardized with reference to the International Classification of Diseases-11 (ICD-11) (ICD-11, 2023). The specification on the syndrome names was taken from “Clinic terminology of traditional Chinese medical diagnosis and treatment—Part 2: syndromes” (National Health Commission, State Administration of traditional Chinese medicine, 2020a). The classification standard of syndrome elements in TCM was guided by “syndrome differentiation of syndrome elements" (Zhu, 2008). The data of symptoms and signs were standardized with reference to the “Standardized Terminology of Common Clinical Symptoms in TCM" (Li and Ma, 2015), “Differential Diagnosis of Symptoms in TCM” (Yao, 2005), and “Terminology of TCM” (Committee for the examination and approval of terms in traditional Chinese medicine, 2005). The specification of the therapeutic methods was taken from “Clinic terminology of traditional Chinese medical diagnosis and treatment—Part 3: therapeutic methods” (National Health Commission, State Administration of traditional Chinese medicine, 2020b). Finally, the names of herbal medicines extracted from medical prescriptions were classified according to “the Pharmacopoeia of the People’s Republic of China (2020 edition)” (National Pharmacopoeia Committee, 2020). Data standardization included categorization of upper-level terminology, unification of synonymous terms, filling of referential terms, and simplification of redundant terms (Table 2).
TABLE 2 | Example of data standardization.
[image: Table 2]2.4 Data analysis
In order to obtain Fine Granularity objects and relationships in the process of DKD TCM diagnosis and treatment, and more comprehensive reflect the knowledge of DKD TCM diagnosis and treatment, this study conducted two-dimensional correlation knowledge mining from the perspective of “stage-number of comorbidities”, “comorbidity-syndrome groups”, “demographic characteristics-syndrome”, “syndrome groups-typical symptom”, “syndrome groups -medical examination”, “syndrome groups-Chinese herb”, and “symptom-Chinese herb” (Figure 2). According to the frequency distribution, corresponding weights were given to the relationships, and the corresponding levels were divided. Mining the relationships among entities can enrich the relational data in the knowledge graph and provide a foundation for organizing and discovering subsequent knowledge. Through two-dimensional relational data mining, we obtained 79 correlations, associations, and treatment relationships (Table 3).
[image: Figure 2]FIGURE 2 | Process of two-dimensional relational mining and combing. (A) The relationship between stages and the number of comorbidities (B). The relationship between “demographic characteristics and syndrome groups”. (C) the relationship between comorbidities and syndrome groups. (D) The relationship between syndrome groups and symptoms. Different subgraphs represent different syndrome groups, nodes represent symptoms, the size of nodes represents the frequency, green nodes are characteristics symptoms under the syndrome, and edges represents the weighting between two nodes (E). The relationship between syndrome groups and medical examinations. (F) The relationship between syndrome groups and Chinese herbs. Different subgraphs represent core prescriptions under various syndromes, nodes represent Chinese herbs, the size of nodes represents the frequency of Chinese herbs, and the edges between nodes represents the weight of drug co-occurrence. (G) Different sub-graphs represent different syndrome groups. The left node represents symptoms, and the right node represents Chinese herbs. Edges represents flow data between Chinese herbs and symptoms. The wider the edge, the larger the value. (p < 0.05 indicates a statistically significant difference. (A) is the syndrome group of qi and yin deficiency with blood stasis, yin deficiency in liver and kidney. (B) is the syndrome group of middle obstruction of turbid phlegm, phlegm and stasis obstructing the collaterals; (C) is the syndrome group of dampness-heat; (D) is the syndrome group of Yang deficiency in spleen and kidney; (E) is the syndrome group of water qi intimidating the upper).
TABLE 3 | Relationships from data mining.
[image: Table 3]2.5 Construction of ontology
The DKD TCM diagnosis and treatment knowledge graph consists of a pattern layer and a data layer. The pattern layer, also known as the ontology layer, represents the theoretical aspect of the knowledge graph and defines its high-level structure. The data layer, on the other hand, encompasses the specific instances related to diagnosis and treatment, serving as a concrete manifestation of the pattern layer. The goal of ontology construction is to acquire, describe, and represent domain knowledge, establish a shared understanding of the domain, identify commonly accepted terms, and provide clear definitions for these terms and their interrelationships across different levels of formal patterns (Liao, 2007; Guarino et al., 2009). The construction methods of knowledge graph technology can be categorized into two types: top-down and bottom-up. The “top-down” approach involves defining a schema layer (ontology) based on the logical relationships and hierarchical structure of knowledge, and subsequently mapping data entities to this schema. On the other hand, the “bottom-up” approach entails extracting entities and attributes from diverse data sources into the data layer of the knowledge graph, consolidating the extracted entities and attributes, and optimizing the schema layer of the knowledge graph to facilitate iterative updates of the ontology model (Wang et al., 2019). The top-down method ensures the professionalism and accuracy of the constructed domain ontology, while the bottom-up method ensures its practicality. Given the unique characteristics of medicine, this study employs both top-down and bottom-up methods to construct a DKD TCM diagnosis and treatment knowledge graph, aiming to enhance its guidance, accuracy, and practicality.
During the process of data screening, standardization, and analysis, this study has conducted initial organization and standardization of DKD TCM diagnosis and treatment knowledge. To achieve this, the study has leveraged the existing Chinese Medicine Language System (TCMLS) (ISO, 2014) for defining concepts and semantic relations, thus collaboratively building the ontology layer. The data layer aims to construct a comprehensive knowledge graph and facilitate the systematic categorization and exploration of DKD TCM diagnosis and treatment knowledge. This is achieved by mapping information and knowledge into concepts and relationships constructed in the pattern layer using a triple format of “entity-relationship-entity” and “entity-attribute-attribute value.” (Figure 3).
[image: Figure 3]FIGURE 3 | Logical framework of the pattern layer and data layer (A). Pattern layer (B). Data layer.
2.6 Knowledge extraction
The data in this study comprise unstructured data such as guidelines and consensus, as well as semi-structured and structured data from real-world clinical records. The data structure was complex, and the unstructured part of the medical records often contained pronouns and omissions in the language. Recently, methods like named entity recognition have been widely used to extract entities and relationships. However, automated systems are generally better at identifying sentences with common relationships, while they struggle to extract complex relationships and may miss less prominent relationships that are known. Given the complexity of DKD data in TCM diagnosis and treatment and the aim to ensure the accuracy of the knowledge graph, this study adopts an interactive approach where two TCM practitioners manually extract entities, relationships, and attributes, and organize them as triplets.
If there is a disagreement between the two TCM practitioners, a third senior TCM practitioner is invited to evaluate the extracted knowledge. This study takes concepts and the relationship between concepts as the extraction framework. Since the incorporated data contains data mining results, there are regular relationships with hierarchy and weight in relation extraction (hierarchy and weight are mainly determined by frequency). Therefore, it is important to take this fully into account when defining the extraction framework, filling in definitions of concepts and relationships.
2.7 Knowledge storage
This study used the Neo4j graph database for knowledge storage. The storage principle of this graph database is to use nodes, edges, and attributes to store graph data. Neo4j is currently the most popular high-performance NoSQL graph database (Gong et al., 2018), with features of high availability, stability, scalability, and strong intuitiveness. This study predominantly used the LOAD CSV statement of Cypher language to import data which allows the loading of data locally or remotely to import CSV files for real-time insertion, which is convenient for future data addition, deletion, and updating.
2.8 Potential applications of knowledge graphs
Knowledge graphs have found extensive application in the medical field. This study integrates knowledge graphs with expert experience to investigate the potential directions for knowledge discovery through human-computer collaboration. TCM is characterized by its experiential nature, with diagnostic and treatment knowledge predominantly derived from doctors’ clinical experience, which is highly subjective. Consequently, this study assesses the performance of the DKD TCM diagnosis and treatment knowledge graph by employing reverse validation based on expert diagnostic and treatment reasoning. Firstly, the Connected Components algorithm retrieves the multi-level correlation of different kinds of knowledge. At the same time, TCM experts in the field of nephrology and endocrinology are invited to elaborate on the critical links in the diagnosis and treatment of DKD in TCM and raise questions. Afterward, a Cypher statement was used to verify whether the results obtained from the DKD TCM knowledge graph met the experts’ expectations and whether it could achieve the sorting of diagnosis and treatment knowledge and the knowledge discovery of implicit treatment thinking.
After communication with clinical experts, the following five questions were summarized for knowledge retrieval.
1) There are many kinds of syndrome diagnoses in the process of TCM diagnosis of DKD. Can the knowledge graph reflect the coexistence of multiple syndromes (deficiency-excess complex) in TCM diagnosis of DKD?
2) Does it reflect the addition and subtraction of drugs for specific symptoms?
3) Is there a situation where a single Chinese herb treats different symptoms during drug addition and subtraction?
4) Does the selection of treatment plans vary based on patients with different underlying diseases?
5) Are there any differences in treatment options for the same syndrome diagnosis at different stages?
3 RESULTS
3.1 The concept and type of DKD TCM diagnosis and treatment ontology
In this study, a total of nine concepts and types in the ontology were defined using DKD’s TCM diagnosis and treatment guidelines, expert consensus, and real-world medical record data, including diseases, stages, syndrome groups, syndromes, medical examinations, symptoms, Chinese herbs, therapeutic methods, and formulae. In addition to the syndrome groups derived from real-world data, the other eight concepts were derived from guidelines and consensus (Table 4).
TABLE 4 | Sources and definitions of ontology concepts.
[image: Table 4]3.2 Semantic relationship between concepts of DKD TCM diagnosis and treatment
We defined a total of nine semantic relations (object properties) between concepts, including process, consisting of…, treat, coexist, use, contain, manifestation, property of, and correlation. Among them, the process, contain, manifestation, treat, use and consisting of were derived from guidelines and consensus. Combined with the analysis results of real medical record data, the above relationships were supplemented, and three relationships of coexist, property of and correlation were added (Table 5).
TABLE 5 | Sources and definitions of semantic relations.
[image: Table 5]In order to better express the strength of the relationship between entities and to have a clearer understanding of the knowledge of DKD TCM diagnosis and treatment, based on the frequency of the two-dimensional relationships between entities, we gave weights to the prominent relationships and divided them into grades. Ultimately, this study resulted in an ontological framework containing nine concepts and 20 relationships (Figure 4).
[image: Figure 4]FIGURE 4 | Ontology layer construction DKD TCM diagnosis and treatment knowledge graph.
3.3 DKD TCM diagnosis and treatment knowledge graph
Using results from previous data mining based on two-dimensional relationships, this study included the division of relationship existence grades and weights (grades and weights are mainly judged by frequency). A standardized manual review of knowledge extraction results was performed to correct errors and deficiencies in the results. At the same time, an EXCEL database was established for the extracted results. This database was then reviewed by two experts in the field, and the rationality and accuracy of the extracted results were re-evaluated from a professional perspective. Finally, a DKD TCM diagnosis and treatment knowledge graph with 903 nodes and 1669 relationships was formed.
In this study, nine conceptual nodes of “disease, stage, syndrome groups, syndromes, medical examination, symptoms, Chinese herbs, and formulas” were included. A total of 10 inter-nodal relationships were formed between “disease-disease”, “disease-stage”, “disease-syndrome groups”, “stage-syndrome groups”, “medical examination-syndrome groups”, “syndrome groups-symptoms”, “therapeutic method-formulae”, “syndrome-therapeutic method”, “Chinese herbs-symptoms”, and “formulae-Chinese herbs" (Figure 5).
[image: Figure 5]FIGURE 5 | Concept and relatonship distribution of DKD TCM diagnosis and treatment knowledge graph. (A) disease-disease. (B) disease-stage. (C) disease-syndrome groups. (D) stage-syndrome groups. (E) medical examination-syndrome groups. (F). syndrome group-symptoms. (G) therapeutic method-formulae. (H) syndrome-therapeutic method. (I) Chinese herbs-symptoms. (J) formulae-Chinese herbs. (Nodes represent entities, edges represent relationships, and different colors represent different entities. Orange nodes in A, B, and C represent diseases; light blue nodes in B and D represent stages; red nodes in C, D, E, and F represent syndrome group; green nodes in E represent mediical examination; purple nodes in F and I represent symptoms; yellow nodes in G and H represent therapeutic method; brown nodes in G and J represent formulae; dark blue nodes in H represent syndromes; pink nodes in I and J represent Chinese herbs).
3.4 Mining and verification of TCM diagnosis and treatment knowledge in DKD based on human-computer interaction
In this study, a knowledge graph of DKD TCM diagnosis and treatment was constructed by integrating guidelines and real-world clinical case data. Drawing upon the “multi-dimensional relationship” and “multi-hop query” characteristics of the knowledge graph, we extracted and organized the implicit knowledge embedded in case data. Through the utilization of the Connected Components community discovery algorithm and Cypher sentence search, we thoroughly explored and analyzed the DKD TCM diagnosis and treatment knowledge graph. Employing a human-computer combination approach guided by experts’ key concerns, we verified the performance of the graph.
3.4.1 Multi-hop hierarchical knowledge discovery of DKD TCM diagnosis and treatment
In this study, the community discovery algorithm of Connected Components was utilized to conduct community clustering analysis on the nodes within the DKD TCM diagnosis and treatment knowledge graph. Through this analysis, the multi-level relationship among stages, syndrome groups, syndromes, laboratory indicators, symptoms, and other entities was established. For instance, patients in DKD stage III and IV were predominantly diagnosed with spleen and kidney yang deficiency syndrome, which was associated with the level of mALB. The main clinical manifestation includes a white greasy coating or thin white coating on the tongue. On the other hand, patients in DKD stage V were mainly diagnosed with the syndrome of water qi intimidating the upper, which showed a close relationship with the SCr level. Additionally, these patients often exhibited symptoms such as vomiting, surrounding edema, abdominal distention, and cough (Figure 6). The results were evaluated by two TCM experts and found to be consistent with clinical practice.
[image: Figure 6]FIGURE 6 | Examples of multi-level knowledge discovered by the Connected Components community. (Nodes with different colors represent different entities).
3.4.2 DKD’s TCM syndrome diagnosis of " deficiency-excess complex."
According to experts, there are often many kinds of syndrome diagnosis in the DKD diagnosis and treatment process, that is, the situation of the deficiency-excess complex. This study conducted a search using Cypher sentences, which are as follows:
MATCH (t:`Therapeutic method`)-[r:Treats]->(s:Syndrome), (m:`Syndrome groups`)-[r2:Contains]->(s:Syndrome)
WHERE t. name = ‘replenishing qi and enriching yin, activating blood and resolving stasis’.
RETURN m,t,s,r,r2.
The results revealed that there were cases where multiple syndromes coexisted, and different syndromes were treated using the same therapeutic approach. For instance, in the diagnosis of the same patient, both the syndrome groups of “Qi and Yin deficiency with blood stasis, liver-kidney Yin deficiency” and “phlegm-turbid obstruction, phlegm-blood stasis blocking collateral” were identified. Furthermore, all of these syndromes were treated with the method of benefiting Qi and nourishing Yin, combined with invigorating blood and resolving stasis (Figure 7). This finding aligns with the concept of the “deficiency-excess complex” proposed by experts. During the progression of the disease, it is common for patients to experience the coexistence of multiple syndromes and a mixture of deficiency and excess.
[image: Figure 7]FIGURE 7 | Examples of “deficiency-excess complex” in Diagnosis of DKD Traditional Chinese Medicine Syndrome. (Red nodes represent the syndrome groups. blue nodes represent the syndromes, the yellow node represent the therapeutic method. And brown nodes represent formulae).
However, experts have pointed out that relying solely on search results may lead to certain ambiguities and misunderstandings. TCM emphasizes the principle of “treating different diseases with the same treatment” rather than “treating different syndromes with the same treatment.” The treatment process primarily revolves around syndrome differentiation. The knowledge obtained from the graphs indicates that applying the same treatment method for different syndromes is inconsistent with clinical practice. Therefore, clinicians should interpret and assess the knowledge graph in conjunction with their own expertise. In the presented results, different syndromes are identified, but the same therapeutic methods are employed. From the perspective of DKD pathogenesis, the syndromes of DKD exhibit a “deficiency of the root and excess of the symptoms” pattern, where a combination of deficiency and excess may be present in syndromes such as Qi-Yin deficiency, Qi-Yin damage, and blood stagnation and obstruction. In the first two syndromes, Qi-Yin deficiency is considered the primary issue, while blood stasis is secondary. Conversely, the syndrome of blood stagnation and obstruction is primarily characterized by excessive blood stasis, with less pronounced deficiency in both Qi and Yin. This underscores the importance of fully considering the characteristics of individual diseases during clinical syndrome diagnosis. The factors of “deficiency and excess” and “primary and secondary” should be distinguished, and similar considerations should also be taken into account during the treatment process.
3.4.3 Discovery of symptomatic knowledge of addition and subtraction of herbal treatment
TCM treatment has the characteristics of individualization. In addition to the process of syndrome differentiation and treatment, the addition or subtraction of herbs are also considered according to specific symptoms. Clinical addition and subtraction is also key issue in diagnosing and treating DKD in TCM. According to the experts put forward the problem of addition and subtraction medication. In this study, specific Cypher sentences were searched, taking skin itching as an example, and the specific sentences were as follows.
MATCH (c:`Chinese herb`)-[r]-(s:symptom).
WHERE s. name = ‘Itch of skin’ RETURN c, r, s.
Through semantic search, “symptomatic treatment” herbs can be discovered. Reference can be provided for clinical symptomatic herb selection according to the weight prompt. For example, for the symptoms of itchy skin, herbs such as Kochiae Fructus, Radix et Rhizoma Cynanchi Paniculati, Batryticatus Bombyx, Radix Saposhnikoviae, Dictamni Cortex can be selected. However, according to the weight in the DKD knowledge graph, Kochiae Fructus and Dictamni Cortex have a stronger relationship for the treatment of itchy skin. Therefore, these herbs are more recommended in the process of clinical herb selection. However, further consideration of the patient’s specific situation should be given (Figure 8). The retrieved drugs were basically consistent with the routine clinical medication through expert identification.
[image: Figure 8]FIGURE 8 | Knowledge discovery of Chinese herbs addition and subtraction. (Pink nodes represent Chines herbs, and the purple node represents the symptom).
3.4.4 Multiple treatments with one drug
Each Chinese herb usually has multiple effects and may play different roles in treating different diseases and prescriptions. The symptoms of patients with DKD are relatively complex, and doctors believe it is common to treat multiple symptoms with one Chinese herb during the TCM diagnosis and treatment of DKD. This study searched the question of “multiple treatments with one drug” using Cypher sentences. Taking “Poria” as an example. The specific sentences are as follows.
MATCH (c:`Chinese herb`)-[r]-(s:symptom).
WHERE c. name = ‘Poria’ RETURN c, r, s.
Through the association retrieval of the knowledge graph, it can be found that the same Chinese herb plays different roles in treating different symptoms, and the superior Chinese herbs for the symptom can also be found through the knowledge graph. For example, Poria can treat various symptoms such as edema, palpitation, insomnia, chest pain, foamy urine, dry mouth, etc. However, in the treatment of the dry mouth, Poria has a weak therapeutic effect, but a stronger therapeutic effect on edema and foam urine (Figure 9). We can quickly capture effective treatment plans through the knowledge graph and provide a reference for optimizing clinical diagnosis and treatment plans. After expert verification, the results are more consistent with clinical practice.
[image: Figure 9]FIGURE 9 | Knowledge discovery of “multiple treatments with one drug”. (The pink nodes represent Chines herbs, and the purple node represents the symptoms).
3.4.5 Comorbidities may affect the choice of therapeutic method
In the process of clinical diagnosis and treatment of diseases, doctors usually choose the corresponding therapeutic method according to the patient’s symptoms. Analysis of the knowledge in the knowledge graph found that in the choice of treatment method, not only are the clinical symptoms and syndromes of patients considered, but the relevant medical history of comorbidities may also influence the treatment. This study used Cypher statements to query, and the details are as follows:
MATCH(d:Disease)-[r:`Coexist-strong`]->(d1:Disease), (d:Disease)-[r1:`Property of`]->(s:`Syndrome groups`)-[r2:Contains]->(s1:Syndrome) <-[r3:Treats] - (t:`Therapeutic method`).
WHERE d. name = 'Diabetic kidney disease’ and s. name = 'Syndrome groups of dampness-heat'.
RETURN d,d1,s,s1,t,r,r2,r3.
The results showed the patient’s syndrome was diagnosed as a damp-heat syndrome, and the therapeutic method of tonifying the spleen and replenishing qi was chosen for treatment, which might be related to the patient’s complicated retinopathy, hypertension, and peripheral neuropathy (Figure 10). Experts believe that this performance improves the accuracy of diagnosis and treatment scheme recommendations. In the clinical diagnosis and treatment of DKD, comorbidities are critical links and are easily ignored. The graph can fully consider the influence of comorbidities, which is significant for improving the clinical efficacy of TCM diagnosis and treatment of DKD.
[image: Figure 10]FIGURE 10 | Comorbidities affect of the choice of therapeutic methods. (Orange nodes represent diseases (Diabetic kidney disease and comorbidities), the red node represents the syndrome group, blue nodes represent the syndromes, and yellow nodes represent therapeutic methods.).
3.4.6 The treatment plans for the same syndrome diagnosis can vary across different stages
The characteristic of TCM diagnosis and treatment for diabetic kidney disease is treatment based on stages. Fully understanding the differentiation of stages and syndromes is essential in diagnosing and treating DKD in TCM. In this study, retrieval analysis was conducted on the DKD knowledge graph, combining it with expert inquiries. The examples here are limited to nodes of DKD stages III and IV. The specific sentences are as follows:
MATCH (d:Disease)-[r:Process]->(s:Stage)
(s:Stage)-[r1]->(s1:`Syndrome groups`)-[r2:Contains]->(s2:Syndrome), (t:`Therapeutic method`)-[r3:Treats]->(s2:Syndrome), (t:`Therapeutic method`)-[r4]->(f:Formula)
WHERE s1. name = ‘Syndrome groups of Yang deficiency in spleen and kidney’ and s. name = ‘Phase III’ or s. name = ‘Phase IV’.
RETURN d,s,s1,s2,t,f,r,r1,r2,r3,r4.
The results showed that the stage might influence the choice of therapeutic formulae. For example, the syndrome of spleen and kidney yang deficiency is distributed in stages III and IV of DKD, with IV being the most common. The choice of formulae is also different in treating DKD with spleen-kidney yang deficiency. Spleen and kidney deficiency syndrome can be treated with Jianpi Yiqi Tiaotang Decoction or Shenqi Dihuang Decoction; The spleen and kidney yang deficiency syndrome can be treated with Linggui Zhugan Decoction. There are also corresponding differences in the selection of treatment options for different stages of the disease in the same syndrome group (Figure 11). According to the knowledge graph of TCM diagnosis and treatment for DKD, it is found that different stages may have a particular impact on the selection of basic treatment formulae for DKD.
[image: Figure 11]FIGURE 11 | The influence of Different Stages and Syndromes of Diabetic kidney disease on the choice of TCM. (The orange node represent diseases (Diabetic kidney disease), light blue nodes represent stages, red node represent therapeutic metods and brown nodes represent formulae.).
4 DISCUSSION
Clinical decision-making plays a vital role in the diagnosis and treatment process, as the development of clinical protocols directly impacts patients’ treatment outcomes and prognosis. Therefore, selecting the optimal treatment plan is of great significance. TCM emphasizes individualized syndrome differentiation and treatment, resulting in a relatively complex diagnosis and treatment process. The empirical knowledge of TCM practitioners is often accumulated through clinical practice, making it challenging to obtain effective diagnosis and treatment knowledge directly. Relying solely on medical guidelines may not address all clinical situations encountered. As an efficient and convenient knowledge management tool, a knowledge graph utilizes mathematical algorithms to construct knowledge structures and relationships. This approach enables more effective description and mining of relationships among entities, facilitating the efficient integration and management of TCM data resources (Li et al., 2020; Wang et al., 2022). By adopting a holistic perspective, knowledge graphs provide an effective and objective means to access the experience of TCM practitioners.
Currently, knowledge graphs are widely applied in the medical field. However, their application in the field of TCM is still relatively limited. Most research has focused on entity and relationship extraction methods, as well as the development of model algorithms (Qi et al., 2021; Jin et al., 2023). These research methods provide excellent technical support for discovering and reasoning TCM-related diagnosis and treatment knowledge. However, due to the lack of a standardized and comprehensive modeling strategy and process, they offer limited guidance for clinical application. In the field of TCM, research mainly involves organizing and exploring diagnosis and treatment knowledge found in ancient Chinese medical literature (Yu et al., 2017; Yang et al., 2021). There is relatively little research on implicit knowledge discovery in real-world TCM diagnosis and treatment data. This discrepancy between acquired knowledge and clinical reality may result in limited clinical guidance. Furthermore, most existing studies focus on general knowledge graphs (Long et al., 2019; Weng et al., 2022), with a relative lack of graph studies that incorporate clinical disease characteristics. The application of graphs aims to obtain more accurate and comprehensive knowledge of TCM diagnosis and treatment, screen effective diagnosis and treatment plans, and improve clinical efficacy. However, current research on TCM knowledge graphs has yet to yield a TCM knowledge system that integrates disease characteristics, ancient wisdom, and modern innovations.
This study focuses on the complexity of DKD and combines relevant literature, such as guidelines and consensus for TCM diagnosis and treatment of DKD, along with real-world clinical data. A knowledge graph of TCM diagnosis and treatment for DKD is then constructed, which incorporates disease characteristics, top-level wisdom, and aligns with clinical practice. Data mining is performed on the clinical data from TCM diagnosis and treatment of DKD to enhance the entities and relationships within the knowledge graph and include additional factors that may influence diagnosis and treatment decisions. By constructing a knowledge graph of DKD and exploring its tacit knowledge, a comprehensive and accurate understanding of DKD can be obtained from both a holistic and local perspective. This graph can assist junior doctors in enhancing their understanding of diseases, improving their diagnosis and treatment skills, and stimulating clinical thinking. Additionally, it provides methodological references for knowledge discovery in the diagnosis and treatment of specific diseases in TCM.
However, there are some limitations to this study. It only included DKD diagnosis and treatment data from a single tertiary referral hospital, resulting in limited types and quantity of data, and consequently, limited representativeness of mined tacit knowledge. Furthermore, due to these data limitations, the relationships included in the knowledge graph of DKD TCM diagnosis and treatment also have certain limitations. To address these limitations, future research should consider including DKD diagnosis and treatment data from multiple centers and regions, aiming to optimize the types of entities and relationships and uncover more tacit knowledge.
5 CONCLUSION
In this study, a knowledge graph of DKD TCM diagnosis and treatment was constructed by combining guidelines and real-world data. The association weights were obtained from data mining results, which enriched the relationship types of DKD knowledge graphs. The construction of the DKD knowledge graph not only realizes the systematic sorting of fragmented knowledge of DKD diagnosis and treatment but also provides an intuitive visualization of diagnosis and treatment knowledge. This study also explored tacit knowledge in the process of DKD diagnosis and treatment through the deep knowledge discovery of semantic retrieval, and realized the discovery and sharing of knowledge surrounding diabetic kidney disease diagnosis and treatment. The results of the study are of great significance in enhancing awareness of DKD TCM diagnosis and treatment knowledge among junior doctors. It provides valuable insights for supporting the development and refinement of TCM clinical diagnosis and treatment plans for DKD and serves as a foundation for building an intelligent diagnosis and treatment recommendation system for DKD.
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