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[Abstract]            Objective  To analyze the basic characteristics, drug features, prescription rules, and drug-symptom relationships of patients in the splenic deficiency and impairment stage, by data mining of medical records under the New Theory on Spleen Dampness Syndrome (Pi Dan Xin Lun, 《脾瘅新论》).  Methods  Medical records listed in the “New Theory on Spleen Dampness Syndrome – Understanding and Treatment of Metabolic Syndrome from the Perspective of Traditional Chinese Medicine”, and which were diagnosed with the spleen dampness syndrome at the splenic deficiency and impairment stage, during January 2004 and December 2016 were selected. These patients’ data, including basic information, clinical symptoms, laboratory examination results, traditional Chinese medicine (TCM) and western medicine diagnoses, treatment methods, prescriptions, etc., were collected. The collected data were subsequently compiled into a medical record database using the Epidata 3.1 data management software, followed by the use of Apriori algorithm provided in the SPSS Modeler 14.2 statistical software to investigate the association rules between drug-drug, drug-symptom, and drug-western medicine indices.  Results  (i) A total of 51 medical records were included, involving 17 types of syndromes. Among them, the top three with frequency ≥ 3 included “Phlegm and blood stasis, and thoracic obstruction” “Deficiency-weakness of the spleen Qi, and static blood blocking collaterals”, and “Deficiency-weakness of the spleen Qi, and static blood blocking collaterals”. Alternatively, of the 14 treatment methods, the top three treatments with frequency of ≥ 3 included “Activating Yang and eliminating turbidity, and removing phlegm and dredging channel blockage” “Strengthening the spleen and benefiting Qi, and eliminating phlegm to activate the channels”, and “Warming Yang and benefiting Qi, and expelling cold to remove obstructions”. Among the 15 prescriptions, the top three used with frequency ≥ 3 included Huangqi Guizhi Wuwu Tang (黄芪桂枝五物汤), Gualou Xiebai Banxia Tang (瓜蒌薤白半夏汤), and Ganjiang Huangqin Huanglian Renshen Tang (干姜黄芩黄连人参汤). Lastly, of the 83 drugs used for a total of 476 times, those with frequency ≥ 15 included Huanglian (Coptidis Rhizoma), Huangqi (Astragali Radix), Jiudahuang (Wine-processed Rhei Radix et Rhizoma), Jixueteng (Spatholobi Caulis), Shengjiang (Zingiberis Rhizoma Recens), Huangqin (Scutellariae Radix), and Guizhi (Cinnamomi Ramulus). (ii) For the drug-drug associations, under the criteria of support ≥ 15% and confidence =  100%, seven second-order association rules, seven third-order rules, and six fourth-order roles were identified. The top-ranking rule of each was “Huangqin (Scutellariae Radix) → Huanglian (Coptidis Rhizoma)” “Ganjiang (Zingiberis Rhizoma) + Huangqin (Scutellariae Radix) → Huanglian (Coptidis Rhizoma)”, and “Baishao (Paeoniae Radix Alba) + Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis) → Huangqin (Scutellariae Radix)”, respectively. Alternatively, the drug-symptom associations were analyzed under the criteria of support ≥ 5% and confidence = 100%, which derived eight second-order association rules, 31 third-order rules, and 30 fourth-order rules. The top-ranking association rule of each order was “Huangqi (Astragali Radix) → Limb edema” “Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis) → Limb numbness and pain”, and “Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis) + Huangqi (Astragali Radix) → Limb numbness and pain”, respectively. Similarly, the drug-western medicine index associations were investigated under the criteria of support ≥ 5% and confidence = 100%, and five second-order association rules, 16 third-order rules, and 16 fourth-order rules were identified. In this category, the top-ranking association rule of each order was “Qinpi (Fraxini Cortex) → Uric acid” “Huanglian (Coptidis Rhizoma) + Ganjiang (Zingiberis Rhizoma) → Glycated hemoglobin”, and “Huanglian (Coptidis Rhizoma) + Ganjiang (Zingiberis Rhizoma) + Huangqin (Scutellariae Radix) → Glycated hemoglobin”, respectively.  Conclusion  Through association rule mining, this study objectively and quantitatively demonstrated the drug-drug, drug-symptom, and drug-physicochemical index associations of patients with the spleen dampness syndrome at the splenic deficiency and impairment stage treated by Academician TONG Xiaolin. The results indicated that treatment for these patients adopted the “state-target” syndrome differentiation method. The drug combination was characterized by “small prescriptions”, targeting both the patient’s symptoms and signs (syndrome target) and western medicine indices (treatment target). This study could provide references for future research on the academic thoughts and medical experience of Academician TONG Xiaolin.       
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1  Introduction
The term “spleen dampness syndrome” first appeared in the text of Basic Questions · On Uncommon Diseases (Su Wen · Qi Bing Lun, 《素问·奇病论》), which stated that “Patients who are sick and have a sweet taste … is because of the overflow of the five Qi, and the disease was called the spleen dampness syndrome. This occurs because the five flavors enter through the mouth and store in the stomach. Meanwhile, the spleen promotes and enhances the circulation of Qi in the stomach. As the body fluid accumulates in the spleen, the patient feels a sweet taste.” Alternatively, the General Records of Holy Universal Relief (Sheng Ji Zong Lu,《圣济总录》) wrote that “Food processed by the spleen can activate Yang and benefit Qi. However, fatty and sweet food can increase the internal heat and cause abdominal distension, thereby resulting in hyperactive Yang. The patient first feels a sweet taste and later becomes thirsty when not treated in time, which is because of the overflow of the excessive interior heat.” The spleen dampness syndrome covers multiple diseases in modern medicine, such as diabetes, insulin resistance, obesity, etc. [1-3]. Academician TONG Xiaolin divided the development of the spleen dampness syndrome into four stages, i.e., stagnation, heat, deficiency, and impairment [4], and creatively proposed the treatment principle of “state-target causality” based on relevant pathological mechanisms. Of the four stages, the deficiency and impairment stages are equivalent to the middle and late stages of the spleen dampness syndrome, with a more complicated pathogenesis than that of the other two stages. The deficiency stage features various deficiencies as the main contradictions, manifested as spleen deficiency, Qi-Yin deficiency, Yang deficiency of the spleen and the kidney, etc. The impairment stage is characterized by collateral damage (microvascular disease), vascular damage (macrovascular disease), and resultant impairment to the viscera. Therefore, treatment of patients in the splenic deficiency and impairment stage should utilize drugs that not only benefit Qi, warm Yang, eliminate phlegm, and regulate Qi, but also invigorate the blood circulation, nourish the blood, and activate the channels.
On the basis of theories on the spleen dampness syndrome in the Yellow Emperor’s Inner Classic (Huang Di Nei Jing, 《黄帝内经》), the “New Theory on Spleen Dampness Syndrome – Understanding and Treatment of the Metabolic Syndrome from the Perspective of Traditional Chinese Medicine” [5] [hereinafter referred to as the New Theory on Spleen Dampness Syndrome (Pi Dan Xin Lun, 《脾瘅新论》)] linked the spleen dampness syndrome with the metabolic syndrome, thereby realizing the implementation of  traditional Chinese medicine (TCM) theories in the treatment of  the metabolic syndrome, a modern disease, for the first time. This study adopted frequency analysis and association rule mining to systematically analyze the basic information, drug characteristics, prescription rules, and drug-symptom relationships of patients with the spleen dampness syndrome at the deficiency and impairment stage, who were treated by Academician TONG Xiaolin.
2  Materials and methods
2.1  Data source
Medical records (during the period of January 2004 to December 2016) under the New Theory on Spleen Dampness Syndrome were collected. Subsequently, the patients’ data, including name, gender, age, treatment time, height, weight, body mass index (BMI), clinical symptoms and signs, laboratory examination results, western medical diagnosis, TCM diagnosis, TCM syndrome differentiation, TCM treatment records, prescription drugs, etc., were analyzed.
2.2  Medical record selection criteria
2.2.1  Inclusion criteria
(i) Patients recorded according to the New Theory on Spleen Dampness Syndrome, who were diagnosed with the metabolic syndrome by western medicine and the spleen dampness syndrome at the deficiency and impairment stage by TCM were selected. The diagnostic criteria for the metabolic syndrome were according to the “Standard of care of type 2 diabetes in China (Version 2020) (Volume 2)” formulated by the Diabetes Branch of the Chinese Medical Association [6]. More specifically, a patient was diagnosed with metabolic syndrome if he or she met three or more of the following criteria. (a) Abdominal obesity (central obesity): waist circumference ≥ 90 cm in male and ≥ 85 cm in female; (b) hyperglycemia: fasting blood glucose ≥ 6.1 mmol/L or blood glucose ≥ 7.8 mmol/L 2 h after glucose load, and/or patients who were already diagnosed with diabetes and were receiving treatment; (c) hypertension: blood pressure ≥130/85 mmHg (1 mmHg =  0.133 kPa), and/or patients who were already diagnosed with hypertension and were receiving treatment; (d) fasting triglyceride (TG) ≥ 1.70 mmol/L; and (e) fasting high density liptein cholesterol (HDL-C) < 1.04  mmol/L. Alternatively, for the staging of the spleen dampness syndrome, the patient’s disease was categorized as the deficiency stage if he or she had syndromes of spleen deficiency and Qi stagnation, and retained mass of middle energizer; exterior Yang deficiency, and heat concentration in the stomach; spleen deficiency and wind-phlegm disturbance; Yin deficiency of the liver and kidney, and hyperactivity of liver Yang; stagnation of Yang Qi, and retention of water-dampness; spleen deficiency and stomach heat, and intermingled cold and heat; hyperactivity of fire due to Yin deficiency; and upper heat and lower cold. In contrast, the disease was categorized as the impairment stage if he or she had syndromes of deficiency-cold of the spleen and stomach; deficiency of kidney Yang; obstruction of collaterals; weakness of the spleen and stomach, and interior heat stagnation; spleen deficiency and Qi sinking; Qi deficiency and blood stasis during stroke; Qi deficiency and blood stasis; and intermingled phlegm and blood stasis. (ii) The prescription in the medical record listed the specific TCM compositions. (iii) In addition to the main symptom, at least two or more secondary symptoms as well as the conditions of both the tongue and the pulse were described in the medical record.
2.2.2  Exclusion criteria
(i) Cases where oral administration of TCM was not the primary treatment method. (ii) Patients were treated with a single prescription. (iii) Patients whose spleen dampness syndrome was complicated with tumor or the failure of heart, liver, kidney, and other organs. (iv) Duplicate sets of medical records.
2.3  Database establishment
2.3.1  Data entry
A database was established in Epidata 3.1 by entering the detailed information of patients with the spleen dampness syndrome treated by Academician TONG Xiaolin. A total of 117 input fields were selected, including the patients’ name, age, occupation, treatment time, height, weight, BMI, chill and fever symptoms, sweat, sleep, stool, urination, diet, thirst, past history, tongue condition, pulse condition, TCM diagnosis, syndrome differentiation, TCM treatment method, and specific prescriptions, etc.
2.3.2  Data mining
A medical record analysis data stream (Figure 1) was first developed, after which the Apriori algorithm provided in the SPSS Modeler 14.2 statistical software was adopted for association rule mining. The association rule mining process shown in this research mainly included two stages. In the first stage, all frequent item sets were identified from the dataset. Association rules [7] were then generated from these frequent item sets, followed by analysis based on the number of the common appearances of items, i.e., the association rules were based on the principle of “the simultaneous occurrence of frequent items” [8]. The analysis results were expressed in terms of “Support” “Confidence”, and “Lift”. “Support” refers to the ratio of the number of transactions containing A and B to the total number of transactions. If the proportion of transactions containing A is P (A), then Support = P (A&B). Alternatively, “Confidence” refers to the ratio of the number of transactions containing both A and B to the number of transactions that contain A, i.e., Confidence = P (A&B)/P (A). Lastly, “Lift” refers to the ratio of the “proportion of transactions containing A that also contain B” to the “proportion of transactions containing B”, i.e., Lift = [P (A&B)/P (A)]/P (B)= P (A&B)/P (A)/P (B).
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Fig. 1  Data stream of the association rule analysis of patients with the spleen dampness syndrome treated by Academician TONG Xiaolin
3  Results
3.1  Frequency analysis of medical records under the New Theory on Spleen Dampness Syndrome
A total of 51 medical records were included in this study, including 17 types of syndromes (Table 1), 14 treatment methods (Table 2, where other denotes homemade prescriptions), and 15 prescriptions (Table 3). In addition, 83 types of drugs were used for a total of 476 times, 14 of which had a frequency of more than 10 (Table 4). Among the different syndromes, phlegm and blood stasis had a frequency of six times and a relative frequency of 11.76%. Among the different treatment methods, activating Yang and eliminating turbidity together with removing phlegm and dredging channel blockage had a frequency of five times and a relative frequency of 9.80%. Among the different prescriptions, Huangqi Guizhi Wuwu Tang (黄芪桂枝五物汤) had a frequency of seven times and a relative frequency of 13.73%. Among the different drugs, Huanglian (Coptidis Rhizoma) had a frequency of 30 times. The proportion of drugs with a relative frequency (ratio of the frequency of the drug divided by the total number of medical records) of 1 was 58.82%, and that of drugs with a relative frequency of 2 was 6.30%.

Table 1  Frequency of 17 different syndromes among the 51 medical records under the New Theory on Spleen Dampness Syndrome
	Syndrome
	Frequency (n)
	Relative frequency (%)

	Phlegm and blood stasis, and thoracic obstruction
	6
	11.76  

	Deficiency weakness of the spleen Qi, and static blood blocking collaterals
	4
	7.80

	Spleen deficiency and interior heat, and meridian cold dampness
	4
	7.80

	Blood deficiency and cold limbs
	4
	7.80

	Spleen deficiency and stomach heat
	3
	5.90

	Intermingled cold and heat
	3
	5.90

	Kidney deficiency and collateral stasis, and downward flow of cold dampness
	3
	5.90

	Obstruction of collaterals
	3
	5.90

	Deficiency weakness of the spleen Qi, and dampness and statis blocking collaterals
	3
	5.90

	Blood stasis due to cold coagulation, and deficiency of Qi and blood
	3
	5.90

	Yang deficiency of the heart, spleen, and kidney, and water pathogen attacking the heart and lung
	3
	5.90

	Hyperactivity of Yang due to asthenic Yin, and disharmony between the heart and kidney
	3
	5.90

	Spleen deficiency and stomach heat, and intermingled phlegm and heat
	2
	3.92

	Spleen deficiency and stomach heat, and intermingled deficiency and excessiveness
	2
	3.92

	Accumulation of wind-cold dampness, and obstruction of collaterals
	2
	3.92

	Kidney Yang deficiency, and obstruction of turbidity and stasis
	2
	3.92

	Asthenia Yin generating interior heat, deficiency of Qi and Yin, and hyperactivity of liver Yang
	1
	1.96

	Relative frequency = frequency of syndromes/number of all medical records.
	
	

	
	
	




Table 2  Frequency of 14 different treatment methods among the 51 medical records under the New Theory on Spleen Dampness Syndrome
	Treatment method
	Frequency (n)
	Relative frequency (%)

	Activating Yang and eliminating turbidity, and removing phlegm and dredging channel blockage
	5
	9.80

	Strengthening the spleen and benefiting Qi, and eliminating phlegm to activate the channels
	4
	7.84

	Warming Yang and benefiting Qi, and expelling cold to remove obstructions
	4
	7.84

	Clearing the upper body and warming the lower body, and restoring the coordination and warming Yang
	3
	5.88

	Warming Yang and tonifying the kidney, and expelling pathogenic dampness
	3
	5.88

	Invigorating the spleen for diuresis, and benefiting Qi to active the channels
	3
	5.88

	Benefiting Qi and expelling dampness, and eliminating phlegm to active the channels
	3
	5.88

	Dispelling cold by warming the meridians, benefiting Qi and nourishing blood, and promoting blood circulation to active the channels
	3
	5.88

	Warming Yang for diuresis, and eliminating turbidity
	3
	5.88

	Nourishing Yin and subsiding Yang, and restoring the coordination between the heart and kidney
	3
	5.88

	Relieving heat and removing phlegm, and invigorating the spleen and clearing the stomach
	2
	3.92

	Dispelling cold and dampness and relieving heat, and nourishing blood and activating the channels tostop the pain
	2
	3.92

	Relieving heat and purging pathogenic fire, benefiting Qi and invigorating Yin, and suppressing hyperactive liver and subsiding Yang
	1
	1.97

	Removing phlegm and dispelling blood stasis, and activating Yang and removing obstructions
	1
	1.97

	Other (Homemade prescriptions)
	11
	21.58

	Relative frequency = frequency of treatment methods/number of all medical records.
	
	

	
	
	




Table 3  Frequency of 15 different prescriptions among the 51 medical records under the New Theory on Spleen Dampness Syndrome
	Prescription
	Frequency (n)
	Relative frequency (%)

	Huangqi Guizhi Wuwu Tang (黄芪桂枝五物汤)
	7
	13.73  

	Gualou Xiebai Banxia Tang (瓜蒌薤白半夏汤)
	6
	11.76  

	Ganjiang Huangqin Huanglian Renshen Tang (干姜黄芩黄连人参汤)
	5
	9.80

	Didang Tang (抵当汤)
	4
	7.85

	Danggui Sini Tang (当归四逆汤)
	4
	7.85

	Wumei Wan (乌梅丸)
	3
	5.89

	Qidan Junzhi Tang (芪丹军蛭汤)
	3
	5.89

	Didang Tang combined with Buyang Huanwu Tang (抵当汤合补阳还五汤)
	3
	5.89

	Da Wutou Jian (大乌头煎)
	3
	5.89

	Lingui Zhugan Tang combined with Dahuang Fuzi Tang (苓桂术甘汤合大黄附子汤)
	3
	5.89

	Suanzaoren Tang (酸枣仁汤)
	3
	5.89

	Ganjiang Huangqin Huanglian Renshen Tang combined with Xiao Xianxiong Tang and Didang Tang (干姜黄芩黄连人参汤合小陷胸汤合抵当汤)
	2
	3.90

	Simiao San combined with Wutou Tang (四妙散合乌头汤)
	2
	3.90

	Fuzi Xiexin Tang (附子泻心汤)
	2
	3.90

	Danggui Liuhuang Tang (当归六黄汤)
	1
	1.97

	Relative frequency =   frequency of prescriptions/number of all medical records.
	
	

	
	
	




Table 4  Frequency of different drugs among the 51 medical records under the  New Theory on Spleen Dampness Syndrome
	Drug
	Frequency (n ≥ 10)
	Relative frequency 1 (%)
	Relative frequency 2 (%)

	Huanglian (Coptidis Rhizoma)
	30
	58.82
	6.30

	Huangqi (Astragali Radix)
	26
	50.98
	5.46

	Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	24
	47.06
	5.04

	Jixueteng (Spatholobi Caulis)
	19
	37.25
	3.99

	Shengjiang (Zingiberis Rhizoma Recens)
	18
	35.29
	3.78

	Huangqin (Scutellariae Radix)
	15
	29.41
	3.15

	Guizhi (Cinnamomi Ramulus)
	15
	29.41
	3.15

	Shuizhifen (Hirudo powder)
	14
	27.45
	2.94

	Ganjiang (Zingiberis Rhizoma)
	13
	25.49
	2.73

	Sanqi (Notoginseng Radix et Rhizoma)
	12
	23.53
	2.52

	Gegen (Pueraria Lobata Radix)
	11
	21.57
	2.31

	Weilingxian (Clematidis Radix et Rhizoma)
	11
	21.57
	2.31

	Zhichuanwu (Aconiti Radix Cocta)
	10
	19.61
	2.10

	Baishao (Paeoniae Radix Alba)
	10
	19.61
	2.10

	Relative frequency 1 = frequency of drugs/number of all medical records; Relative frequency 2 = frequency of drugs/number of all medical records.
	
	
	

	
	
	
	



3.2  Drug-drug association rule mining
The drug-drug association rules were investigated under the criteria of support ≥ 15% and confidence = 100%, which found seven second-order association rules (Table 5), seven third-order rules (Table 6), and six fourth-order roles (Table 7).

Table 5  Drug-drug second-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Huangqin (Scutellariae Radix)
	Huanglian (Coptidis Rhizoma)
	29.41
	100.00
	1.70

	Ganjiang (Zingiberis Rhizoma)
	Huanglian (Coptidis Rhizoma)
	25.49
	100.00
	1.70

	Ganjiang (Zingiberis Rhizoma)
	Huangqin (Scutellariae Radix)
	25.49
	100.00
	3.40

	Baishao (Paeoniae Radix Alba)
	Shengjiang (Zingiberis Rhizoma Recens)
	19.61
	100.00
	2.83

	Yunfuling (Wolfiporia extensa)
	Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	15.69
	100.00
	2.13

	Heye (Nelumbinis Folium)
	Sanqi (Notoginseng Radix et Rhizoma)
	15.69
	100.00
	4.25

	Gualouren (Trichosanthis Semen)
	Qingbanxia (Pinelliae Rhizoma Praeparatum Cum Alumine)
	15.69
	100.00
	5.67




Table 6  Drug-drug third-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Ganjiang (Zingiberis Rhizoma) + Huangqin (Scutellariae Radix)
	Huanglian (Coptidis Rhizoma)
	25.49
	100.00
	1.70

	Guizhi (Cinnamomi Ramulus) + Huangqi (Astragali Radix)
	Jixueteng (Spatholobi Caulis)
	21.57
	100.00
	2.68

	Baishao (Paeoniae Radix Alba) + Guizhi (Cinnamomi Ramulus)
	Shengjiang (Zingiberis Rhizoma Recens)
	17.65
	100.00
	2.83

	Baishao (Paeoniae Radix Alba) + Jixueteng (Spatholobi Caulis)
	Shengjiang (Zingiberis Rhizoma Recens)
	17.65
	100.00
	2.83

	Baishao (Paeoniae Radix Alba) + Huangqi (Astragali Radix)
	Guizhi (Cinnamomi Ramulus)
	15.69
	100.00
	3.40

	Baishao (Paeoniae Radix Alba) + Huanglian (Coptidis Rhizoma)
	Shengjiang (Zingiberis Rhizoma Recens)
	15.69
	100.00
	2.83

	Baishao (Paeoniae Radix Alba) + Huangqi (Astragali Radix)
	Jixueteng (Spatholobi Caulis)
	15.69
	100.00
	2.68




Table 7  Drug-drug fourth-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Baishao (Paeoniae Radix Alba) + Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis)
	Huangqi (Astragali Radix)
	15.69
	100.00
	1.96

	Guizhi (Cinnamomi Ramulus) + Shengjiang (Zingiberis Rhizoma Recens) + Jixueteng (Spatholobi Caulis)
	Baishao (Paeoniae Radix Alba)
	15.69
	100.00
	5.10

	Baishao (Paeoniae Radix Alba) + Guizhi (Cinnamomi Ramulus) + Huangqi (Astragali Radix)
	Shengjiang (Zingiberis Rhizoma Recens)
	15.69
	100.00
	2.83

	Baishao (Paeoniae Radix Alba) + Shengjiang (Zingiberis Rhizoma Recens) + Huangqi (Astragali Radix)
	Jixueteng (Spatholobi Caulis)
	15.69
	100.00
	2.68

	Guizhi (Cinnamomi Ramulus) + Shengjiang (Zingiberis Rhizoma Recens) + Jixueteng (Spatholobi Caulis)
	Huangqi (Astragali Radix)
	15.69
	100.00
	1.96

	Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis) + Huanglian (Coptidis Rhizoma)
	Huangqi (Astragali Radix)
	15.69
	100.00
	1.96



3.3  Drug-symptom association rule mining
The drug-symptom associations were analyzed under the criteria of support ≥ 5% and confidence = 100%, which found eight second-order association rules (Table 8), 31 third-order rules (Table 9), and 30 fourth-order rules (Table 10).

Table 8  Drug-symptom second-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Huangqi (Astragali Radix)
	Limb edema
	19.61  
	100.00
	1.96

	Huanglian (Coptidis Rhizoma)
	Deep and taut pulse
	15.69  
	100.00
	1.70

	Huangqi (Astragali Radix)
	Blurred vision
	13.73  
	100.00
	1.96

	Huanglian (Coptidis Rhizoma)
	Deep and rapid pulse
	13.73  
	100.00
	1.70

	Huanglian (Coptidis Rhizoma)
	Aversion to wind and cold
	7.84
	100.00
	1.70

	Huanglian (Coptidis Rhizoma)
	Hyperhidrosis
	7.84
	100.00
	1.70

	Huanglian (Coptidis Rhizoma)
	Tongue with thin and yellow coating
	5.88
	100.00
	1.70

	Huanglian (Coptidis Rhizoma)
	Deep and thready pulse
	5.88
	100.00
	1.70




Table 9  Drug-symptom third-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis)
	Limb numbness and pain
	23.53 
	100
	2.04

	Jixueteng (Spatholobi Caulis) + Huangqi (Astragali Radix)
	Limb numbness and pain
	23.53 
	100
	2.04

	Guizhi (Cinnamomi Ramulus) + Huangqi (Astragali Radix)
	Limb numbness and pain
	21.57 
	100
	2.04

	Jiugancao (Wine-processed Glycyrrhizae Radix et Rhizoma) +Zhichuanwu (Aconiti Radix Cocta)
	Cold limbs
	5.88
	100
	3.00

	Jiugancao (Wine-processed Glycyrrhizae Radix et Rhizoma) +Guizhi (Cinnamomi Ramulus)
	Cold limbs
	5.88
	100
	3.00

	Jiugancao (Wine-processed Glycyrrhizae Radix et Rhizoma) +Jixueteng (Spatholobi Caulis)
	Cold limbs
	5.88
	100
	3.00

	Zhimu (Anemarrhenae Rhizoma) + Huanglian (Coptidis Rhizoma)
	Fatigue
	9.80
	100
	2.68

	Zexie (Alismatis Rhizoma) + Shuizhifen (Hirudo powder)
	Fatigue
	7.84
	100
	2.68

	Zexie (Alismatis Rhizoma) + Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	Fatigue
	7.84
	100
	2.68

	Zexie (Alismatis Rhizoma) + Huangqi (Astragali Radix)
	Fatigue
	7.84
	100
	2.68

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) +Duanlonggu (Fossilia Ossia Mastodi)
	Insomnia
	5.88
	100
	5.10

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) +Duanmuli (Calcined Ostreae Concha)
	Insomnia
	5.88
	100
	5.10

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Wuweizi (Schisandrae Chinensis Fructus)
	Insomnia
	5.88
	100
	5.10

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Fuzi (Aconiti Lateralis Radix Praeparata)
	Polyuria
	5.88
	100
	3.64

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Jiugancao (Wine-processed Glycyrrhizae Radix et Rhizoma)
	Polyuria
	5.88
	100
	3.64

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Yunfuling (Wolfiporia extensa)
	Polyuria
	5.88
	100
	3.64

	Heye (Nelumbinis Folium) + Ganjiang (Zingiberis Rhizoma)
	Blocked bottom of tongue
	9.80
	100
	2.13

	Heye (Nelumbinis Folium) + Huangqi (Astragali Radix)
	Blocked bottom of tongue
	9.80
	100
	2.13

	Heye (Nelumbinis Folium) + Huanglian (Coptidis Rhizoma)
	Blocked bottom of tongue
	9.80
	100
	2.13

	Dangshen (Codonopsis Radix) + Wumei (Mume Fructus)
	Enlarged and pale tongue body
	5.88
	100
	8.50

	Dangshen (Codonopsis Radix) + Huangbo (Phellodendron chinense Schneid.)
	Enlarged and pale tongue body
	5.88
	100
	8.50

	Dangshen (Codonopsis Radix) + Ganjiang (Zingiberis Rhizoma)
	Enlarged and pale tongue body
	5.88
	100
	8.50

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Duanlonggu (Fossilia Ossia Mastodi)
	Dark red tongue body
	5.88
	100
	5.67

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) +Shanzhuyu (Corni Fructus)
	Dark red tongue body
	5.88
	100
	5.67

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Rougui (Cinnamomi Cortex)
	Dark red tongue body
	5.88
	100
	5.67

	Jiugancao (Wine-processed Glycyrrhizae Radix et Rhizoma) +Baishao (Paeoniae Radix Alba)
	Deep and rapid pulse
	5.88
	100
	7.29

	Jiugancao (Wine-processed Glycyrrhizae Radix et Rhizoma) +Jixueteng (Spatholobi Caulis)
	Deep and rapid pulse
	5.88
	100
	7.29

	Jiugancao (Wine-processed Glycyrrhizae Radix et Rhizoma) +Huangqi (Astragali Radix)
	Deep and rapid pulse
	5.88
	100
	7.29

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Fuzi (Aconiti Lateralis Radix Praeparata)
	Tongue with a greasy coating
	5.88
	100
	6.38

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Hongshen (Ginseng Radix et Rhizoma Rubra)
	Tongue with a greasy coating
	5.88
	100
	6.38

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Jiugancao (Wine-processed Glycyrrhizae Radix et Rhizoma)
	Tongue with a greasy coating
	5.88
	100
	6.38




Table 10  Drug-symptom fourth-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis) +Huangqi (Astragali Radix)
	Limb numbness and pain
	21.57  
	100.00
	2.04

	Baishao (Paeoniae Radix Alba) + Guizhi (Cinnamomi Ramulus) +Jixueteng (Spatholobi Caulis)
	Limb numbness and pain
	15.69  
	100.00
	2.04

	Zhichuanwu (Aconiti Radix Cocta) + Guizhi (Cinnamomi Ramulus) +Jixueteng (Spatholobi Caulis)
	Limb numbnessand pain
	15.69  
	100.00
	2.04

	Zhichuanwu (Aconiti Radix Cocta) + Guizhi (Cinnamomi Ramulus) +Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	Cold limbs
	7.84
	100.00
	3.00

	Baishao (Paeoniae Radix Alba) + Guizhi (Cinnamomi Ramulus) +Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	Cold limbs
	7.84
	100.00
	3.00

	Guizhi (Cinnamomi Ramulus) + Jiudahuang (Wine-processed Rhei Radix et Rhizoma) + Huanglian (Coptidis Rhizoma)
	Cold limbs
	7.84
	100.00
	3.00

	Zexie (Alismatis Rhizoma) + Shuizhifen (Hirudo powder) + Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	Fatigue
	7.84
	100.00
	2.68

	Zexie (Alismatis Rhizoma) + Shuizhifen (Hirudo powder) + Huangqi (Astragali Radix)
	Fatigue
	7.84
	100.00
	2.68

	Zexie (Alismatis Rhizoma) + Jiudahuang (Wine-processed Rhei Radix et Rhizoma) + Huangqi (Astragali Radix)
	Fatigue
	7.84
	100.00
	2.68

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Duanlonggu (Fossilia Ossia Mastodi) + Duanmuli (Calcined Ostreae Concha)
	Insomnia
	5.88
	100.00
	5.10

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Duanlonggu (Fossilia Ossia Mastodi) + Wuweizi (Schisandrae Chinensis Fructus)
	Insomnia
	5.88
	100.00
	5.10

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Duanlonggu (Fossilia Ossia Mastodi) + Huanglian (Coptidis Rhizoma)
	Insomnia
	5.88
	100.00
	5.10

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Fuzi (Aconiti Lateralis Radix Praeparata) + Hongshen (Ginseng Radix et Rhizoma Rubra)
	Polyuria
	5.88
	100.00
	3.64

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Fuzi (Aconiti Lateralis Radix Praeparata) + Jiugancao (Radix Glycyrrhizae Preparata)
	Polyuria
	5.88
	100.00
	3.64

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Fuzi (Aconiti Lateralis Radix Praeparata) + Yunfuling (Wolfiporia extensa)
	Polyuria
	5.88
	100.00
	3.64

	Heye (Nelumbinis Folium) + Sanqi (Notoginseng Radix et Rhizoma) +Ganjiang (Zingiberis Rhizoma)
	Blocked bottom of tongue
	9.80
	100.00
	2.13

	Heye (Nelumbinis Folium) + Sanqi (Notoginseng Radix et Rhizoma) +Huangqi (Astragali Radix)
	Blocked bottom of tongue
	9.80
	100.00
	2.13

	Heye (Nelumbinis Folium) + Sanqi (Notoginseng Radix et Rhizoma) +Huanglian (Coptidis Rhizoma)
	Blocked bottom of tongue
	9.80
	100.00
	2.13

	Dangshen (Codonopsis Radix) + Wumei (Mume Fructus) + Huangbo (Phellodendron chinense Schneid.)
	Enlarged and pale tongue body
	5.88
	100.00
	8.50

	Dangshen (Codonopsis Radix) + Wumei (Mume Fructus) + Danggui (Angelica sinensis)
	Enlarged and pale tongue body
	5.88
	100.00
	8.50

	Dangshen (Codonopsis Radix) + Wumei (Mume Fructus) + Ganjiang (Zingiberis Rhizoma)
	Enlarged and pale tongue body
	5.88
	100.00
	8.50

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Duanlonggu (Fossilia Ossia Mastodi) + Duanmuli (Calcined Ostreae Concha)
	Dark red tongue body
	5.88
	100.00
	5.67

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Duanlonggu (Fossilia Ossia Mastodi) + Wuweizi (Schisandrae Chinensis Fructus)
	Dark red tongue body
	5.88
	100.00
	5.67

	Chaosuanzaoren (Parched Ziziphi Spinosae Semen) + Duanlonggu (Fossilia Ossia Mastodi) + Huanglian (Coptidis Rhizoma)
	Dark red tongue body
	5.88
	100.00
	5.67

	Jiugancao (Radix Glycyrrhizae Preparata) + Shengjiang (Zingiberis Rhizoma Recens) + Huanglian (Coptidis Rhizoma)
	Deep and rapid pulse
	7.84
	100.00
	7.29

	Zhichuanwu (Aconiti Radix Cocta) + Guizhi (Cinnamomi Ramulus) +Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	Deep and rapid pulse
	7.84
	100.00
	7.29

	Baishao (Paeoniae Radix Alba) + Guizhi (Cinnamomi Ramulus) +Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	Deep and rapid pulse
	7.84
	100.00
	7.29

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Fuzi (Aconiti Lateralis Radix Praeparata) + Hongshen (Ginseng Radix et Rhizoma Rubra)
	Tongue with a greasy coating
	5.88
	100.00
	6.38

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Fuzi (Aconiti Lateralis Radix Praeparata) + Jiugancao (Radix Glycyrrhizae Preparata)
	Tongue with a greasy coating
	5.88
	100.00
	6.38

	Chuanguizhi (Cinnamomum wilsonii Gamble) + Fuzi (Aconiti Lateralis Radix Praeparata) + Yunfuling (Wolfiporia extensa)
	Tongue with a greasy coating
	5.88
	100.00
	6.38



3.4  Drug-western medicine index association rule mining
The drug-western medicine index association rules were investigated under the criteria of support ≥5% and confidence = 100%, which found five second-order association rules (Table 11), 16 third-order rules (Table 12), and 16 fourth-order roles (Table 13).

Table 11  Drug-western medicine index second-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Qinpi (Fraxini Cortex)
	Uric acid
	13.73
	100
	3.19

	Weilingxian (Clematidis Radix et Rhizoma)
	Uric acid
	13.73
	100
	3.19

	Qinjiao (Gentianae Macrophyllae Radix)
	Uric acid
	5.88
	100
	3.19

	Shengdihuang (Rehmanniae Radix)
	Fasting blood glucose
	5.88
	100
	2.83

	Chaobaizhu (Stir-fried Atractylodis Macrocephalae Rhizoma)
	Fasting blood glucose
	5.88
	100
	2.83




Table 12  Drug-western medicine index third-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Huanglian (Coptidis Rhizoma) + Ganjiang (Zingiberis Rhizoma)
	Glycated hemoglobin
	9.80
	100.00
	3.40

	Huanglian (Coptidis Rhizoma) + Huangqin (Scutellariae Radix)
	Glycated hemoglobin
	9.80
	100.00
	3.40

	Shengdihuang (Rehmanniae Radix) + Ganjiang (Zingiberis Rhizoma)
	Fasting blood glucose
	5.88
	100.00
	2.83

	Shengdihuang (Rehmanniae Radix) + Huangqin (Scutellariae Radix)
	Fasting blood glucose
	5.88
	100.00
	2.83

	Shengdihuang (Rehmanniae Radix) + Huanglian (Coptidis Rhizoma)
	Fasting blood glucose
	5.88
	100.00
	2.83

	Zexie (Alismatis Rhizoma) + Yunfuling (Wolfiporia extensa)
	2 h postprandial blood glucose
	5.88
	100.00
	4.64

	Rougui (Cinnamomum Cortex) + Ganjiang (Zingiberis Rhizoma)
	2 h postprandial blood glucose
	5.88
	100.00
	4.64

	Rougui (Cinnamomum Cortex) + Huangqin (Scutellariae Radix)
	2 h postprandial blood glucose
	5.88
	100.00
	4.64

	Qianshi (Euryales Semen) + Shuizhifen (Hirudo powder)
	Creatinine
	5.88
	100.00
	4.25

	Qianshi (Euryales Semen) + Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	Creatinine
	5.88
	100.00
	4.25

	Qianshi (Euryales Semen) + Huangqi (Astragali Radix)
	Creatinine
	5.88
	100.00
	4.25

	Qinjiao (Gentianae Macrophyllae Radix) + Qinpi (Fraxini Cortex)
	Uric acid
	5.88
	100.00
	3.19

	Qinjiao (Gentianae Macrophyllae Radix) + Weilingxian (Clematidis Radix et Rhizoma)
	Uric acid
	5.88
	100.00
	3.19

	Qinjiao (Gentianae Macrophyllae Radix) + Jixueteng (Spatholobi Caulis)
	Uric acid
	5.88
	100.00
	3.19

	Dilong (Rheretima) + Hanfangji (Sinomenium acutum)
	24 h urinary protein quantity
	5.88
	100.00
	10.20  

	Dilong (Rheretima) + Shuizhifen (Hirudo powder)
	24 h urinary protein quantity
	5.88
	100.00
	10.20  




Table 13  Drug-western medicine index fourth-order associations
	Antecedent
	Succedent
	Support (%)
	Confidence (%)
	Lift

	Huanglian (Coptidis Rhizoma) + Ganjiang (Zingiberis Rhizoma) +Huangqin (Scutellariae Radix)
	Glycated hemoglobin
	9.80
	100.00
	3.40

	Shengdihuang (Rehmanniae Radix) + Ganjiang (Zingiberis Rhizoma) + Huangqin (Scutellariae Radix)
	Fasting blood glucose
	5.88
	100.00
	2.83

	Shengdihuang (Rehmanniae Radix) + Ganjiang (Zingiberis Rhizoma) + Huanglian (Coptidis Rhizoma)
	Fasting blood glucose
	5.88
	100.00
	2.83

	Shengdihuang (Rehmanniae Radix) + Huangqin (Scutellariae Radix) + Huanglian (Coptidis Rhizoma)
	Fasting blood glucose
	5.88
	100.00
	2.83

	Rougui (Cinnamomi Cortex) + Ganjiang (Zingiberis Rhizoma) +Huangqin (Scutellariae Radix)
	2 h postprandial blood glucose
	5.88
	100.00
	4.64

	Rougui (Cinnamomi Cortex) +Ganjiang (Zingiberis Rhizoma) +Huanglian (Coptidis Rhizoma)
	2 h postprandial blood glucose
	5.88
	100.00
	4.64

	Rougui (Cinnamomi Cortex) + Huangqin (Scutellariae Radix) +Huanglian (Coptidis Rhizoma)
	2 h postprandial blood glucose
	5.88
	100.00
	4.64

	Qianshi (Euryales Semen) + Shuizhifen (Hirudo powder) +Jiudahuang (Wine-processed Rhei Radix et Rhizoma)
	Creatinine
	5.88
	100.00
	4.25

	Qianshi (Euryales Semen) + Shuizhifen (Hirudo powder) +Huangqi (Astragali Radix)
	Creatinine
	5.88
	100.00
	4.25

	Qianshi (Euryales Semen) + Jiudahuang (Wine-processed Rhei Radix et Rhizoma) +Huangqi (Astragali Radix)
	Creatinine
	5.88
	100.00
	4.25

	Qinjiao (Gentianae Macrophyllae Radix) + Qinpi (Fraxini Cortex) +Gegen (Pueraria Lobata Radix)
	Uric acid
	5.88
	100.00
	3.19

	Qinjiao (Gentianae Macrophyllae Radix) + Qinpi (Fraxini Cortex) +Weilingxian (Clematidis Radix et Rhizoma)
	Uric acid
	5.88
	100.00
	3.19

	Qinjiao (Gentianae Macrophyllae Radix) + Qinpi (Fraxini Cortex) +Jixueteng (Spatholobi Caulis)
	Uric acid
	5.88
	100.00
	3.19

	Dilong (Pheretima) + Hanfangji (Sinomenium acutum) + Shuizhifen (Hirudo powder)
	24 h urinary protein quantity
	5.88
	100.00
	10.20

	Dilong (Pheretima) + Hanfangji (Sinomenium acutum) + Weilingxian (Clematidis Radix et Rhizoma)
	24 h urinary protein quantity
	5.88
	100.00
	10.20

	Dilong (Pheretima) + Hanfangji (Sinomenium acutum) + Huangqi (Astragali Radix)
	24 h urinary protein quantity
	5.88
	100.00
	10.20



4  Discussion
In order to address the shortcomings of conventional TCM treatment methods, which were “focusing on the symptoms at the moment rather than the entire treatment course” “focusing on conditioning the state rather than targeting the disease”, and “focusing on individualized treatment rather than a consistent approach”, Academician TONG Xiaolin proposed a novel TCM theoretical system centered around “state-target syndrome differentiation”. The system has two key contents, with the first being a “disease and syndrome integration” model for the “classification-staging-differentiation” of disease, and the second being the “stage and target integration” model that combines “macro-conditioning” with “micro-targeting” [9]. Academician TONG Xiaolin pointed out that the spleen dampness syndrome was first caused by food stagnation, which was then converted to heat. Heat consumption subsequently led to deficiency and eventually impairment. Therefore, he divided the initiation and progression of the disease into four stages, i.e., stagnation, heat, deficiency, and impairment [10]. Patients at the deficiency stage would primarily experience syndromes including spleen deficiency and stomach stagnation, spleen deficiency and stomach heat, and upper heat and lower cold. As the disease further progresses, liver, spleen and kidney functions start to fail, indicating that the disease has entered the impairment stage. Main syndromes experienced during this stage include Yin deficiency of the liver and kidney, simultaneous deficiency of both Yin and Yang, and Yang deficiency of the spleen and kidney.
This study collected the medical records of patients diagnosed with the deficiency and impairment stage under the New Theory on Spleen Dampness Syndrome, which, according to the staging differentiation model, involved 17 types of syndromes. The most common syndrome was phlegm and blood stasis and thoracic obstruction. In addition, it was found that all 17 types of syndromes belonged to the category of intermingled deficiency and excessiveness. Factors leading to excessiveness included phlegm, blood stasis, cold, dampness (turbidity), water, and heat, whereas those leading to deficiency included Qi deficiency, blood deficiency, Yang deficiency, and Yin deficiency, involving organs such as the spleen, kidney, heart, liver, and meridian. Therefore, it indicated that despite the progression of the disease to the deficiency and impairment stage, the pathogenesis of the spleen warm syndrome was still due to intermingled deficiency and excessive or intermingled heat and cold. Frequency analysis of treatment methods against corresponding syndromes showed that activating Yang and eliminating turbidity together with removing phlegm and dredging channel blockage was the most frequently used method. Treatment methods used to eliminate pathogens included removing, reducing, and clearing phlegm; invigorating the blood circulation and activating the channels, dredging channel blockage, removing obstructions, and dispersing hard mass; dispelling cold and activating Yang; eliminating turbidity, dispelling pathogenic dampness, inducing diuresis, and dispelling dampness; and relieving heat, clearing the upper body, purging fire, clearing the stomach, and soothing the liver. Alternatively, methods focusing on strengthening the body included benefiting Qi, warming Yang, nourishing blood, nourishing Yin, replenishing Yin, subsiding Yang, strengthening the spleen, tonifying the kidney, warming the meridians, etc. The treatment methods adopted by Academician TONG Xiaolin were both comprehensive and precise. Alternatively, a total of 51 prescriptions were used, of which Huangqi Guizhi Wuwu Tang was the most frequently used one. The most commonly used drug was Huanglian (Coptidis Rhizoma), which indicated that Academician TONG Xiaolin frequently used the drug to not only reduce  blood glucose levels, but also to relieve heat and dispel dampness to regulate the patient’s pathological state of phlegm dampness, thereby realizing the concept of “state-target” via macro-conditioning and micro-targeting.
The drug-drug association rule mining showed Academician TONG Xiaolin’s drug prescription patterns. The second-order drug-drug association rule mining mainly reflected the concept of “drug pairs”. Among various second-order drug-drug associations, the most common combination was “Huangqin (Scutellariae Radix) → Huanglian (Coptidis Rhizoma)”, which had a support of 29.41% and a confidence of 100%. Other drugs that could form a pair with Huanglian (Coptidis Rhizoma) included Ganjiang (Zingiberis Rhizoma), Rougui (Cinnamomi Cortex), Baishao (Paeoniae Radix Alba), and Chuanwu (Radix Aconiti). As a bitter cold drug, Huanglian (Coptidis Rhizoma) can damage the stomach Qi upon long-term use. Therefore, Academician TONG Xiaolin prescribed it together with Ganjiang (Zingiberis Rhizoma), Rougui (Cinnamomi Cortex), and Chuanwu (Radix Aconiti), which could not only suppress the cold from Huanglian (Coptidis Rhizoma), but also warm Yang to activate the channels. Academician TONG Xiaolin believed that Chuanwu (Aconiti Radix) was the top “Yang-activating” drug owing to its function of warming the meridians and activating the channels as well as removing obstructions and dispelling cold [11]. The combination of Huanglian (Coptidis Rhizoma) and Baishao (Paeoniae Radix Alba) could harmonize the body and astringe Yin as well as relieve pain, making it particularly effective against spleen dampness diabetes caused by the hyperactivity of fire due to Yin deficiency. Similarly, the “Huangqin (Scutellariae Radix) - Ganjiang (Zingiberis Rhizoma)” drug pair served to dispel cold. In contrast, drugs that could form a pair with Huangqi (Astragali Radix) mainly consisted of Shuizhifen (Hirudo powder), Weilingxian (Clematidis Radix et Rhizoma), and Baishao (Paeoniae Radix Alba). Academician TONG Xiaolin treated the spleen-warm syndrome frequently with Huangqi Guizhi Wuwu Tang, and on the basis of large doses of Huangqi (Astragali Radix), added Shuizhifen (Hirudo powder) to address the issue of increased urine protein, Weilingxian (Clematidis Radix et Rhizoma) to address the issue of increased uric acid, and Baishao (Paeoniae Radix Alba) to benefit Qi, harmonize the body, and astringe Yin. Subsequently, drugs that were paired with Jixueteng (Spatholobi Caulis) included Gegen (Pueraria Lobata Radix), Chuanwu (Radix Aconiti), Baishao (Paeoniae Radix Alba), and Guizhi (Cinnamomi Ramulus). Academician TONG Xiaolin proposed the “Glucose-collateral disease” theory [12], which took advantage of the capability of Jixueteng (Spatholobi Caulis) to nourish blood, promote blood circulation, and activate channels, and supplemented it with the aforementioned drugs to remove obstructions in the collaterals and relieve pain. In contrast, the third- and fourth-order drug-drug associations mainly reflected the concept of “small prescriptions” and “subtle prescriptions” [13]. Basic Questions ·  Essentials on Disease and Therapy (Su Wen · Zhi Zhen Yao Da Lun Pian, 《素问·至真要大论篇》) mentioned that “One monarch drug and two ministerial drugs make a small prescription”. In clinical practice, treatment of the disease’s “treatment target” and “syndrome target” using small prescriptions has achieved good therapeutic effects [14]. Among the third-order associations, the “Huangqin (Scutellariae Radix) + Huanglian (Coptidis Rhizoma) + Ganjiang (Zingiberis Rhizoma)” combination utilized the idea of using Ganjiang (Zingiberis Rhizoma) to promote the effect of Huangqin (Scutellariae Radix) and Huanglian (Coptidis Rhizoma) in dispelling cold. Alternatively, the combination of “Huangqi (Astragali Radix) +Guizhi (Cinnamomi Ramulus) +Baishao (Paeoniae Radix Alba) + Shengjiang (Zingiberis Rhizoma Recens)” embodied Academician TONG Xiaolin’s academic thoughts on using Huangqi Guizhi Wuwu Tang to treat deficiency and impairment. It is worth noting that the combination of “Huangqi (Astragali Radix) +Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis)”, a tailored version of Huangqi Guizhi Wuwu Tang, was frequently used by Academician TONG Xiaolin to replace the latter [15]. Finally, a combination of “Chuanwu (Radix Aconiti) + Guizhi (Cinnamomi Ramulus) + Jixueteng (Spatholobi Caulis)” was commonly used by Academician TONG Xiaolin against the blockage of channels.
Results of the drug-symptom association rule mining is a manifestation of Academician TONG Xiaolin’s prescriptions against the “syndrome target” in his “stage-target” syndrome differentiation method. For example, Academician TONG Xiaolin used large doses of Huangqi (Astragali Radix) to treat limb edema. Basic Questions · Acupuncture treatment in Water and Febrile Diseases (Su Wen · Shui Re Xue Lun, 《素问·水热穴论》) stated that “The kidneys are the door to the stomach. If the door is not properly closed, water will gather and become excessive. The excessive water will then overflow to the skin and cause edema.” The source of edema is the kidneys. Huangqi (Astragali Radix) is sweet in taste and slightly warm in nature and is capable of replenishing Qi and strengthening the exterior as well as inducing diuresis to alleviate edema. Therefore, the use of Huangqi (Astragali Radix) can benefit Qi and promote diuresis [16]. Modern research has reported that Astragaloside IV can effectively prevent and treat various nephropathy, such as acute kidney injury, diabetic nephropathy, and membranous nephropathy [17]. Alternatively, limb numbness and pain were treated with drug pairs or small prescriptions of Huangqi (Astragali Radix), Guizhi (Cinnamomi Ramulus), Jixueteng (Spatholobi Caulis), Chuanwu (Radix Aconiti), and Baishao (Paeoniae Radix Alba). It is worth noting that in addition to the aforementioned combinations, Academician TONG Xiaolin added Dahuang (Rhei Radix et Rhizoma) to the treatment of cold limbs. He believed that “Dahuang (Rhei Radix et Rhizoma) can eliminate kidney turbidity (toxin)” and pointed out that “(A small dose of) Dahuang (Rhei Radix et Rhizoma) is the channel ushering drug of the kidneys” [18]. In contrast, fatigue was treated with the combination of Huangqi (Astragali Radix), Dahuang (Rheum Officinale), and Zexie (Alismatis Rhizoma) to benefit Qi, induce diuresis, and eliminate turbidity, along with Shuizhifen (Hirudo powder) to promote blood circulation and reduce protein concentration. The treatment of insomnia adopted Suanzaoren (Ziziphi Spinosae Semen), Wuweizi (Schisandrae Chinensis Fructus), and Duanmuli (Calcined Ostreae Concha) to astringe Yin and repose, and the prescription was sometimes supplemented with a small dose of Huanglian (Coptidis Rhizoma) to purge the heart-fire. Polyuria, on the other hand, was treated with Guizhi (Cinnamomi Ramulus) to transform Qi and induce diuresis, supplemented with Fuzi (Aconiti Lateralis Radix Praeparata) to warm Yang and Yunfuling (Wolfiporia extensa) to strengthen the spleen and excrete dampness. Enlarged tongue body was predominantly treated with Dangshen (Codonopsis Radix) to benefit Qi and Wumei (Mume Fructus) to collect acid. Collateral stasis at the bottom of the tongue was treated with Heye (Nelumbinis Folium) to ascend lucidity and eliminate dampness, and if heat needed to be removed from the blood, Sanqi (Notoginseng Radix et Rhizoma) was added to promote blood circulation, dispel blood stasis, and activate the channels. Lastly, tongue with a greasy coating was treated with Guizhi (Cinnamomi Ramulus) and Fuzi (Aconiti Lateralis Radix Praeparata) to warm Yang and transform Qi, together with Yunfuling (Wolfiporia extensa) to eliminate dampness or Hongshen (Ginseng Radix et Rhizoma Rubra) to benefit Qi.
The data analysis of this study specifically included drug-western medicine index association rule mining to explore Academician TONG Xiaolin’s prescription rules against the “treatment target”. Drugs associated with uric acid consisted of “Qinpi (Fraxini Cortex), Weilingxian (Clematidis Radix et Rhizoma), Qinjiao (Gentianae Macrophyllae Radix)”, and their combinations. These three drugs can dispel wind, eliminate dampness, and relieve pain, thereby promoting the excretion of uric acid. The latest research has found that the main chemical components of Qinpi (Cortex Fraxini) are coumarins, lignans, secoiridoid glycosides, phenethyl alcohol glycosides, flavonoids, phenolic acids, and triterpenes [19]. Pharmacological research on Qinpi (Fraxini Cortex) primarily focused on its antibacterial, antibacterial, anti-inflammatory, antioxidant, diuretic, and anti-hyperuricemia effects [20]. Alternatively, the ethanol extract of Qinjiao (Gentianae Macrophyllae Radix) can alleviate the joint injury of rat models of sodium urate gouty arthritis, the mechanism of which is related to the downregulation of serum TNF-α, IL-1β, IL-6, PGE2, and MMP-3 expressions [21]. Meanwhile, Weilingxian (Clematidis Radix et Rhizoma) can significantly reduce the blood uric acid, the erythrocyte sedimentation rate, and the C-reactive protein level [22]. In addition, modern pharmacology has shown that owing to their obvious effects of reducing uric acid, Qinpi (Fraxini Cortex) and Weilingxian (Clematidis Radix et Rhizoma) are considered the “target” drugs for the treatment of hyperuricemia, and their effects are universal regardless of the disease type [23]. In contrast, drugs associated with fasting blood glucose and glycosylated hemoglobin included Shengdihuang (Rehmanniae Radix), Huangqin (Scutellariae Radix), Huanglian (Coptidis Rhizoma), Ganjiang (Zingiberis Rhizoma), and their combinations. The adoption of Huangqin (Scutellariae Radix) and Huanglian (Coptidis Rhizoma) was because of their bitter and sour taste that could precisely resolve the target. Composed mainly of berberine, Huanglian (Rhizoma Coptidis) has been shown by clinical studies to demonstrate a superior control effect on fasting insulin and fasting blood glucose levels [24]. In addition, Huangqin (Scutellariae Radix) can relieve lung heat, while Huanglian (Coptidis Rhizoma) can relieve stomach heat. The mechanism of the treatment of type 2 diabetes with the “Huangqin (Scutellariae Radix) + Huanglian (Coptidis Rhizoma)” pair was likely related to the improvement of insulin resistance, the protection of pancreatic islet B cells, and the regulation of glucose metabolism. In addition, the efficacy of the combined prescription is better than that of using either of the drug alone [25]. Lastly, treatment targeting creatinine utilized Qianshi (Euryales Semen) supplemented with Huangqi (Astragali Radix), Dahuang (Rhei Radix et Rhizoma), and Shuizhifen (Hirudo powder), the main purpose of which was to preserve the kidney function.
This study adopted association rule mining to investigate the drug combinations used by Academician TONG Xiaolin to treat patients with the spleen dampness syndrome in the deficiency and impairment stage. Through frequency analysis and association rule mining, the study explored the common drug combinations Academician TONG Xiaolin used against the spleen dampness syndrome and summarized the basic prescriptions as well as their characteristics. The drug-symptom associations revealed Academician TONG Xiaolin’s prescription rules for the “syndrome target”, while the drug-western medicine index associations showed his prescription rules for the “treatment target”, both of which were consistent with his views in related articles. The results of this study can reveal Academician TONG Xiaolin’s academic thoughts and provide references for future research on his ideas and medical experience.
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