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Abstract: Objective To investigate the medication patterns of Chinese medicine in treating diabetic nephropathy through data
mining analysis. Methods A comprehensive collection of medical prescriptions for Chinese medicine treatment of diabetic
nephropathy was gathered from databases including CNKI, VIP, Wanfang, and the Chinese Journal of Traditional Chinese
Medicine Literature Database from January 2013 to December 2024. An Excel-based database was constructed, and a Chinese
medicine data mining system was applied to conduct frequency analysis, medicinal nature and flavor classification, meridian
entry, efficacy categorization, hierarchical clustering, association rules, and complex network analysis. The compatibility patterns
and significance within the same cluster were also explored. Results According to established inclusion and exclusion criteria,
327 articles on Chinese medicine treatment for diabetic nephropathy were selected, involving 327 prescriptions and 205 types
of herbs with a cumulative usage frequency of 2 624 times. The top ten most frequently used herbs are Astragali Radix (Huangqi),
Poria (Fuling), Salviae Miltiorrhizae Radix et Rhizoma (Danshen), Dioscoreae Rhizoma (Shanyao), Corni Fructus (Shanzhuyu),
Angelicae Sinensis Radix (Danggui), Rhel Radix et Rhizoma (Dahuang), Rehmanniae Radix Praeparata (Shudahuang), Atractylodis
Macrocephalae Rhizoma (Baizhu) and Chuanxiong Rhizoma (Chuanxiong). These herbs predominantly exhibit cold or warm
properties and are mainly sweet or bitter in flavor, mostly entering the liver, kidney, and spleen meridian. The 205 herbs can be
categorized into 17 classes based on their efficacy, with the highest frequencies being tonifying herbs, blood-activating and
stasis-resolving herbs, urine excretion to strain off dampness herbs, heat-clearing herbs, and astringent herbs. The Apriori
algorithm was used to mine herb pair combinations, and 29 association rules were finally obtained. Among them, the most
frequent two-herb combinations were Huangqi-Fuling, Huanggi-Danshen, Huanggi-Danggui, Huanggi-Shanyao, and
Huanggi-Shanzhuyu; the most frequent three-herb combinations were Huanggi-Fuling-Shanzhuyu, Huangqi-Fuling-Shanyao,
Huangqi-Fuling-Zexie, Huangqi-Shanyao-Danshen, and Huangqi-Shanyao-Zexie. Complex system entropy clustering
identified 10 core Chinese medicine combinations for treating diabetic nephropathy, while 5 new formulae were discovered by
entropy clustering and improved mutual information method. Conclusion Astragali Radix (Huangqi), Poria (Fuling), Salviae
Miltiorrhizae Radix et Rhizoma (Danshen), Dioscoreae Rhizoma (Shanyao), Corni Fructus (Shanzhuyu) are the high-frequency
core medications used by modern physicians in the treatment of diabetic nephropathy. Chinese medicine treatments for diabetic
nephropathy mainly focus on tonifying drugs, complemented by blood-activating and stasis-resolving drugs, diuretic and
dampness-resolving drugs, heat-clearing drugs, and astringent drugs to achieve both symptomatic and radical treatment. The
pairing of drugs, core combinations, and new formula combinations further illuminate the common compatibility rules of
Chinese medicine in treating diabetic nephropathy, providing new perspectives and methodologies for its treatment.
Keywords: Literature research; Data mining; Chinese medicine; Diabetic nephropathy; Medication rule
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Diabetic kidney disease falls within the categories of
"wasting-thirst disorder (xiaoke, JH & )" "kidney
wasting-thirst (shenxiao, ¥¥4)" and "edema (shuizhong,
7K A" in traditional Chinese medicine (TCM). According
to TCM theory, the disease is located in the kidney and is
essentially characterized by deficiency in the root and
excess in the manifestation; therefore, treatment should
primarily focus on tonifying of qi and yin, activating blood
and resolving stasis, and draining dampness to eliminate
turbidity [1]. The holistic approach and principle of
syndrome differentiation that TCM follows in the
treatment of diabetic kidney disease allow for the
formulation of individualized regimens based on the
patient's constitution and symptoms, thereby alleviating

diabetic kidney disease have concentrated on the efficacy
validation of single Chinese herbal medicines or formulas,
with relatively little systematic mining of the medication
rules derived from massive clinical prescriptions, which is
not conducive to the innovation of TCM compound
formulas [3]. Moreover, TCM treatment of diabetic kidney
disease exhibits multi-target and multi-level characteristics.
Integrating TCM theory with data analysis to explore the
synergistic effects and mechanisms of action among
different drug combinations may also facilitate the
discovery of novel therapeutic targets, optimize existing
treatment regimens, and thereby improve the therapeutic
outcomes for diabetic kidney disease [4]. Data mining
techniques have provided new methodological support for

symptoms while regulating the balance of yin and yang to
achieve simultaneous treatment of both the root and the
branch [2]. However, current studies on TCM treatment of

TCM research. Algorithms including association rule
analysis, complex network clustering, and entropy-based
hierarchical clustering can extract core drug combinations
from large volumes of medical record data, reveal implicit
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compatibility patterns, and infer potential new formulas,
thereby providing scientific evidence for the clinical
practice of TCM in treating diabetic kidney disease [5]. On
this basis, this study aimed to analyze clinical prescriptions
for TCM treatment of diabetic kidney disease over the past
decade using data mining techniques, to explore the
medication rules and underlying mechanisms, so as to
assist clinicians in deepening their understanding of TCM
treatment for this disease, provide theoretical foundations
and technical support for the development of novel
therapeutic strategies, and offer methodological references
for the inheritance and innovative research of TCM.

1 Subjects and Methods
1.1 Data Sources

Using "diabetic kidney disease", "wasting-thirst
disorder (xiaoke, jH8)", "kidney wasting-thirst (shenxiao,
5S4 )" "diabetes complicated by edema", "Chinese
medicine treatment" and " Chinese medicine" as search
terms, comprehensive searches were conducted in the
China National Knowledge Infrastructure (CNKI), VIP
Chinese Science and Technology Periodical Database,
Wanfang Database, and the Chinese Traditional Medicine
Periodical Literature Database. Literature was screened
according to inclusion and exclusion criteria, with the
retrieval period from January 2013 to December 2024. A
total of 327 relevant literature records were collected.

1.2 Inclusion and Exclusion Criteria

1.2.1 Inclusion Criteria

(1) Meeting the TCM and Western medicine
diagnostic criteria for diabetic kidney disease [6-7] and
definitively diagnosed with diabetic kidney disease;

(2) clinical research literature on TCM treatment of
diabetic kidney disease;

(3) using TCM compound formulas as the main
treatment regimen;

(4) the prescriptions in the literature included the
complete composition of medicinal materials, with clear
formula names and dosages;

(5) for clinical observational studies, the difference in
treatment efficacy between different groups was
statistically significant (P<0.05).

1.2.2 Exclusion Criteria

(1) Animal experimental or cell experimental studies;

(2) review articles or experience summaries;

(3) duplicate publications;

(4) use of external TCM therapies such as
acupuncture or Chinese herbal medicineal fumigation and
washing;

(5) only describing symptomatic relief without
objective indicators.

1.3 Data Standardization

With reference to the Standard Terminology of
Clinical Diagnosis and Treatment in Traditional Chinese
Medicine [8], Chinese  Materia  Medica [9],

Pharmacopoeia of the People's Republic of China [10],
and the Dictionary of Chinese Materia Medica [11], the
names of TCM syndromes and medicinal materials were
standardized. For the statistics of properties, flavors, and
meridian affinities, the "single primary attribute count”
rule was adopted: for each Chinese herbal medicine used
in a prescription, only one primary property, one primary
flavor, and one primary meridian affinity (as defined in
Chinese Materia Medica [9] and the Pharmacopoeia of the
People's Republic of China [10]) were counted per
occurrence, with no repeated superposition; within each
dimension, the sum of frequencies across all categories
equaled the total frequency of Chinese herbal medicine
usage.

1.4 Data Analysis

The standardized data on TCM diagnoses, syndrome
types, and formula compositions were entered into Excel
2019 software to construct a database. Excel conditional
formatting was used to highlight unusual drug dosages,
which were then verified and corrected against the original
texts. The standardized Excel data were imported into the
TCM Data Mining System V2.5 software for further
analysis. The "frequency statistics" function was used to
calculate the occurrence frequency of each Chinese herbal
medicine in the prescriptions, and the results were ranked
to identify the most frequently used Chinese herbal
medicines. The "property, flavor, and meridian tropism"
function was employed to generate the distribution of the
four properties, five flavors, and meridian affinities, and to
produce visual charts. The "association rule mining,"
"cluster mining," and "new formula analysis" functions
were applied to explore the associations among Chinese
herbal medicines, identify high-frequency drug pair
combinations, and construct a compatibility network for
TCM treatment of diabetic kidney disease, with Chinese
herbal medicines as nodes and associations as edges, and
to present the compatibility patterns through visual charts.
Finally, based on the results of frequency analysis, efficacy
statistics, high-frequency drug pairs, and compatibility
network analysis, combined with the characteristics of
Chinese Chinese herbal medicineal medicine (properties,
flavors, efficacy, etc.) and clinical experience, the
prescription formulation rules for TCM treatment of
diabetic kidney disease were systematically analyzed.

2 Results
2.1 Analysis of Medication Frequencies

Based on the inclusion and exclusion criteria, a total
of 327 articles on Chinese medicine treatment of diabetic
kidney disease were screened in the present study. The
included literature involved 327 TCM prescriptions,
comprising 205 distinct medicinal Chinese herbal
medicines, with a total medication frequency of 2,624
occurrences. Ranked according to frequency of use, the top
10 Chinese herbal medicines were, in descending order,
Astragali Radix (Huangqi), Poria (Fuling), Salviae
Miltiorrhizae Radix et Rhizoma (Danshen), Dioscoreae
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Rhizoma  (Shanyao), Corni Fructus (Shanzhuyu), 2.2 Efficacy Analysis of High-Frequency Herb
Angelicae Sinensis Radix (Danggui), Rhei Radix et
Rhizoma (Dahuang), Rehmanniae Radix Praeparata
(Shudahuang), Atractylodis Macrocephalae Rhizoma
(Baizhu) and Chuanxiong Rhizoma (Chuanxiong). In
terms of medicinal properties, cold and warm properties
predominated; in terms of flavors, sweet and bitter were

the most common; and the Chinese herbal medicines were ) i " , e
most frequently attributed to the liver, kidney, and spleen clearing medicinal [238 (9.07%)] and astringent medicinal

meridians. See Table 1, Table 2, and Figure 1. [165 (6.29%)]. See Table 3.
Tab.1 Medication frequency statistics (top 30)

Based on their therapeutic effects, the 205 Chinese
herbal medicines were classified into 17 categories. The
top five categories in terms of frequency were: tonifying
and replenishing medicinal [998 (38.03%)], blood-
activating and stasis-dispelling medicinal [445 (16.96%)],
dampness-draining medicinal [314 (11.97%)], heat-

Chinese - . Frequenc Formula Chinese - . Frequenc Formula
No. Name Pinyin Latin Name ?o %) ¥ Coverage (%) No. Name Pinyin Latin Name ?‘, %) ¥ Coverage (%)
1 HE Huangqi  Astragali Radix 184(7.01) 56.27 16 K% Taizishen Pseudostellariae Radix  55(2.10) 16.82
2 RE Fuling Poria 161(6.14) 49.24 17 ¥4  Huangjing Polygonati Rhizoma 55(2.10) 16.82
3 = Danshen Salviae  Miltiorrhizae 18 4 Niuxi Achyranthis Bidentatae 53(2.02) 16.21
’ . 131(4.99) 40.06 :
Radix et Rhizoma Radix
4 iz Shanyao Dioscoreae Rhizoma 115(4.38) 35.17 19 Jh3%  Dihuang Rehmanniae Radix 53(2.02) 16.21
5 iZE#E  Shanzhuyu Corni Fructus 97(3.7) 29.66 20 #4%&  Maidong  Ophiopogonis Radix 47(1.79) 14.37
6 M4 Danggui Anﬁsz;e Sinensis 94(3.58) 2875 21 ki Taoren Persicae Semen 46(1.75) 14.07
7 K Dahuang  Rhei Radix et Rhizoma ~ 90(3.43) 27.52 22 MfdF Gouqizi  Lycii Fructus 44(1.68) 13.46
8 #hi%  Shudahuang Rehmanniae Radix 23 1 Zhimu Anemarrhenae Rhizoma  42(1.60) 12.84
Pl 88(3.35) 26.91
9 HAR Baizhu Atractylodis ' Macro- 82(3.13) 25.08 24 iy Dilong  Pheretima 40(1.52) 12.23
cephalae Rhizoma
10 )i Chuanxiong Chuanxiong Rhizoma 73 25 fibk T Wuweizi  Schisandrae Chinensis 38(1.45) 11.62
(2.78) 22.32 Fructus
11 FE Zexie Alismatis Rhizoma 73(2.78) 22.32 26 #1{¢  Honghua Carthami Flos 30(1.14) 9.17
12 25Rt%EE Yimucao  Leonuri Herba 72(2.74) 22.02 27 Hitzf- Tusizi Cuscutae Semen 27(1.03) 8.26
13 Hig Gancao Gl)]}echyi;gis;zaae Radix et 70(2.67) 2141 28 K Shuizhi  Hirudo 24(0.91) 7.34
14 %% Dangshen  Codonopsis Radix 69(2.63) 21.10 29 FRAj Chishao  Paeoniae Radix Rubra  24(0.91) 7.34
15 4PhHz Mudanpi  Moutan Cortex 64(2.44) 19.57 30 WE  Rougui  Cinnamomi Cortex 23(0.88) 7.03
Tab.2 Statistics of main Chinese medicine nature, flavor and meridian tropism
Four Properties Five Flavors Meridian Tropism
Name Frequency Percentage [ Name Frequency Percentage | Name Frequency Percentage
Cold 855 32.58 Sweet 998 38.03 Liver Meridian 497 18.94
Warm 793 30.22 Bitter 696 26.52 Kidney Meridian 448 17.07
Neutral 705 26.87 Pungent 458 17.45 Spleen Meridian 440 16.77
Cool 182 6.94 Sour 197 7.51 Heart Meridian 345 13.15
Hot 89 3.39 Astringent 166 6.33 Lung Meridian 318 12.12
Salty 109 4.16 Stomach Meridian 183 6.97
Bladder Meridian 102 3.89
Pericardium Meridian 100 3.81
Small Intestine Meridian 79 3.01
Gallbladder Meridian 57 2.17
Small Intestine Meridian 34 1.30
Triple energizer Meridian 21 0.80
Cold Liver

Sweet
10¢

1000 Kidney Triple Energizer

Bitter Salty Spleen Small Intestine
Sa
Warm Heat
Heart Gallbladder
Pungent Astringent Lung Large Intestine
Neutral Cool Stomach Pericardium
@ Sour ® ©

Bladder

Note: A, four properties; B, five flavors; C, meridian tropism.

Fig.1 Statistical radar chart of four natures, five flavors and meridian tropism
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2.3 Analysis of Herb Association Rules

The 205 Chinese herbal medicines included in this
study were analyzed using the Apriori algorithm for
mining Chinese herbal medicine-pair combinations. With
a support threshold set to >0.2, a confidence threshold of
>0.8, and only association combinations with a lift
value >1 considered meaningful, a total of 29 association
rules were obtained. See Table 4 and Table 5.

Based on the results presented in Section 2.3, with a
correlation coefficient set to 5 and a penalty factor set to 2,
the complex system entropy clustering method was applied
to analyze core combinations, yielding 10 core Chinese
herbal medicine combinations for the treatment of diabetic
kidney disease. Using entropy clustering and the improved
mutual information method for mining new formula
combinations, 5 novel prescription combinations for
treating diabetic kidney disease were identified. See Table
6 and Figure 2.

2.4 Analysis of Prescription Formulation Rules

Tab.3 Statistical analysis results of main drugs in various categories of high-frequency medication efficacy

Efficacy Classification Main drugs and frequency of use

Tonifying and qi-tonifying Astragali Radix (Huangqi) (184), Dioscoreae Rhizoma (Shanyao) (115), Atractylodis Macrocephalae
replenishing Rhizoma (Baizhu) (82), Glycyrrhizae Radix et Rhizoma (Gancao) (70), Codonopsis Radix (Dangshen) (69),
medicinal Pseudostellariae Radix (Taizishen) (55), Ginseng Radix et Rhizoma (Renshen) (15), Panacis Quinquefolii

Blood-activating
and stasis-
dispelling
medicinal

Dampness-draining
medicinal

Heat-clearing
medicinal

Astringent
medicinal

Blood-tonifying

Yin-tonifying

Yang-tonifying

Blood-activating
menstruation-
regulating

Blood-activating
analgesic

Blood-breaking
eliminating

Water-draining
swelling-dispersing

Strangury-relieving

mass-

and

Dampness-draining anti-
icteric
Heat-clearing
cooling
Heat-clearing
detoxicating
Heat-clearing
purging
Heat-clearing
dampness-drying
Deficiency heat-clearing
Lung-intestine astringent
Securing essence
reducing urination
Relieving leukorrhea

blood-

fire-

and

Radix (Xiyangshen) (7), Jujubae Fructus (Dazao) (2), Rhodiolae Crenulatae Radix et Rhizoma
(Hongjingtian) (2), Ginseng Radix et Rhizoma Rubra (Hongshen) (1)

Angelicae Sinensis Radix (Danggui) (94), Rehmanniae Radix Praeparata (Shudahuang) (88), Paeoniae Radix
Alba (Baishao) (12), Asini Corii Colla (Ejiao) (6), Polygoni Multiflori Radix (Heshouwu) (4)

Polygonati Rhizoma (Huangjing) (55), Ophiopogonis Radix (Maidong) (47), Dendrobii Caulis (Shihu) (15),
Ligustri Lucidi Fructus (Nvzhenzi) (10), Adenophorae Radix (Shashen) (5), Mori Fructus (Sangshen) (2),
Asparagi Radix (Tiandong) (1)

Cuscutae Semen (Tusizi) (27), Eucommiae Cortex (Duzhogn) (11), Cordyceps (Dongchongxiacao) (10),
Psoraleae Fructus (Buguzhi) (5), Morindae Officinalis Radix (Bajitian) (3), Curculiginis Rhizoma
(Xianmao) (1)

Salviae Miltiorrhizae Radix et Rhizoma (Danshen) (131), Leonuri Herba (Yimucao) (72), Achyranthis
Bidentatae Radix (Niuxi) (53), Persicae Semen (Taoren) (46), Carthami Flos (Honghua) (30), Spatholobi
Caulis (Jixueteng) (6)

Chuanxiong Rhizoma (Chuanxiong) (73), Curcumae Longae Rhizoma (Jianghuang) (5), Faeces Trogopteri
(Wulingzhi) (2)

Hirudo (Shuizhi) (24), Ramulus Euonymi (Guijianyu) (2), Sparganii Rhizoma (Sanleng) (1)

Poria (Fuling) (161), Alismatis Rhizoma (Zexie) (73), Coicis Semen (Yiyiren) (22), Stigma Maydis (Yumixu)
(16), Benincasae Exocarpium (Dongguapi) (5)

Plantaginis Semen (Cheqianzi) (18), Dioscoreae Hypoglaucae Rhizoma (Bixie) (10), Plantaginis Herba
(Chegiancao) (6)

Polygoni Cuspidati Rhizoma et Radix (Huzhang) (3)

Moutan Cortex (Mudanpi) (64), Rehmanniae Radix (Dihuang) (53), Paeoniae Radix Rubra (Chishao) (24)

Forsythiae Fructus (Liangiao) (5), Galium Aparine L (Baxiancao) (2), Isatidis Radix (Banlangen) (2),
Scutellariae Barbatae Herba (Banzhilian) (1), Lonicerae Japonicae Flos (Jinyinhua) (1)
Anemarrhenae Rhizoma (Zhimu) (42), Prunellae Spica (Xiakucao) (13), Cassiae Semen (Juemingzi) (4)

Coptidis Rhizoma (Huanglian) (13), Phellodendri Chinensis Cortex (Huangbai) (6), Centellae Herba
(Jixuecao) (2)

Lycii Cortex (Digupi) (5), Artemisiae Annuae Herba (Qinghao) (1)

Schisandrae Chinensis Fructus (Wuweizi) (38)

Corni Fructus (Shanzhuyu) (97), Mantidis Odtheca (Sangpiaoxiao) (12)

Euryales Semen (Qianshi) (15), Rosae Laevigatae Fructus (Jinyingzi) (3)

Tab.4 Statistics of high-frequency 2-Chinese herbal medicine
combinations (top 10)

Tab.5 Statistics of high-frequency 3-Chinese herbal medicine
combinations (top 10 )

No. Couplet Medicinals Support Lift Main Efficacy No. Combination Medicinals Support Main Efficacy
1 Huanggi-Fuling 0.40 1.26 Tonify qi and induce diuresis 1 Huangq?-Ful?ng-Shanzhuyu 0.38 Toni'fy qi and Yin,' reinforc'e kidney.
2 Huanggi-Danshen  0.39 1.57 Tonify qi and activate blood 2 Huanggi-Fuling-Shanyao 0.37 Fortify spleen, tonify qi, reinforce kidney
. . . . R 3 Huangqi-Fuling-Zexie 0.36 Induce diuresis, subside swelling, tonify qi
3 Huangq%-Danggul 0.37 1.33 Ton%fy a and replfenlsh blood 4  Huangqi-Shanyao-Danshen  0.36 Activate blood, remove blood stasis, tonify qi
4  Huangqi-Shanyao  0.35 1.24 Tonify qi and fortify spleen 5  Huanggqi-Shanyao-Zexie 0.34 Tonify qi, drain dampness, reinforce kidney
5 Huanggi-Shanzhuyu 0.33 1.36 Tonify qi and reinforce qi 6  Huangqi-Shanyao- 0.34 Replenish yin, tonify the kidney, strength body
6  Fuling-Shanyao 0.33 1.30 Fortify spleen and drain dampness _— Shan;héll}lru b {034 Tonif . fenish  blood {
7  Huanggqi-Baizhu 0.32 1.27 Fortify spleen and replenish qi uangqi-shanyao-Langgu ’ Orrrlllezstrucz{;t’ion replenis ood,  regulate
8 Huangqi- ) 031 1.11 Move qi and tonify qi 8 Huangqi-Dansher}-Zexie 0.33 Blogd-activating, indl}ce d@uresis, tonify qi
Chuanxiong 9  Huanggqi-Danggui- 0.31 Enrich blood, move qi, activate blood
9  Shanyao-Danggui  0.30 1.18 Fortify spleen and tonify blood Chuanxiong ) ) ) )
10 Huanggi-Zexie 0.30 1.08 Induce diuresis to alleviate edema 10 Huanggi-Shanzhuyu- 031 Replenish yin, tonify the kidney, secure
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Tab.6 Core combinations based on complex system entropy
clustering method

No. Core combination No. Core combination

1 Fuling-Baizhu-Huangqi 6 Danshen-Chuanxiong-Chishao

2 Dahuang-Rougui-Huangqi 7 Duzhong-Xuduan-Niuxi

3 Shanzhuyu-Shanyao- 8 Taoren-Honghua-Chishao
Shudihuang

4  Taizishen-Maidong-Wuweizi |9 Dahuang-Fuzi-Xixin

5 Shuizhi-Huanggi-Danggui 10  Sangpiaoxiao-Jinyingzi-Qianshi

Shanyao
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Note: A, core combination; B, New prescription.

Fig.2 Combination map of Chinese medicine in the treatment of
diabetic nephropathy

3 Discussion

Diabetic kidney disease, as the most common
complication of diabetes mellitus, has consistently been a
research focus among scholars both domestically and
internationally. Current Western medical treatment for
diabetic kidney disease mainly employs approaches such
as glycemic control, blood pressure reduction, and lipid
regulation, which are beneficial to a certain extent in
improving long-term renal endpoint events. However,
Western medical therapies primarily target a single
molecular target and are therefore insufficient for
comprehensive  intervention; moreover, long-term
administration of multiple medications may expose
patients to the risks of adverse drug reactions and relapse

upon discontinuation [12-14]. TCM possesses unique
advantages in ameliorating the clinical symptoms of
patients with diabetic kidney disease and delaying disease
progression, yet systematic mining of TCM formulas
remains inadequate. On the basis of 327 TCM
prescriptions, the present study employed data mining
techniques to investigate the core medication combinations
and potential novel formula combinations for TCM
treatment of diabetic kidney disease, with the aim of
providing further scientific evidence for the prevention and
management of this condition.

According to TCM theory, the pathogenesis of
diabetic kidney disease is influenced by the interplay of
multiple factors, with deficiency of kidney qi, dysfunction
of the spleen and stomach, and impaired liver qi dispersion
being important predisposing factors for the development
of'this disease [15-16]. It is evident that systematic analysis
of clinical TCM prescriptions, revealing frequently used
Chinese herbal medicines and their combination patterns,
can facilitate the formulation of more precise treatment
strategies based on individual variability and enable a
greater number of patients to understand and benefit from
TCM therapy. A total of 327 TCM prescriptions were
included in this study, involving 205 distinct medicinal
Chinese herbal medicines. The most frequently used
Chinese herbal medicines were predominantly Astragali
Radix (Huangqi), Poria (Fuling), Salviae Miltiorrhizae
Radix et Rhizoma (Danshen), Dioscoreae Rhizoma
(Shanyao), Corni Fructus (Shanzhuyu), among which
Astragali  Radix (Huangqi) ranked first with an
overwhelming predominance. This finding is highly
consistent with the TCM pathogenesis theory that
"spleen-kidney deficiency constitutes the root, while
phlegm, stasis, turbidity, and toxin constitute the
manifestation" [17]. Astragali Radix (Huangqi), as a
qi-supplementing Chinese herbal medicine, has the effects
of supplementing qi, consolidating the exterior, promoting
diuresis, and alleviating edema; its high frequency of use
suggests that "tonifying qi" plays a significant role in the
treatment of diabetic kidney disease [18]. Poria (Fuling) is
renowned for its effect of draining dampness and
promoting diuresis, while Dioscoreae Rhizoma (Shanyao)
assists in supplementing qi and nourishing yin, and
tonifying the spleen, lung, and kidney. The frequent use of
these two Chinese Chinese herbal medicineal medicines
reflects the emphasis placed on spleen and kidney function
in TCM treatment of diabetic kidney disease [19-20].
Blood stasis constitutes an indispensable component in the
disease progression of diabetic kidney disease; the
application of Salviae Miltiorrhizae Radix et Rhizoma
(Danshen) can not only ameliorate symptoms attributable
to blood stasis but also alleviate qi and blood deficiency in
patients [21]. For patients with diabetic kidney disease, the
astringent and securing effects of Corni Fructus
(Shanzhuyu) can help enhance the body's resistance,
prevent the leakage of essential qi, and play a critical role
in maintaining internal environmental homeostasis [22].
Analysis of the properties, flavors, and meridian affinities
of the Chinese herbal medicines revealed that the majority
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of Chinese herbal medicines used in TCM treatment of
diabetic kidney disease are cold or warm in property,
predominantly sweet and bitter in flavor, and are most
frequently attributed to the liver, kidney, and spleen
meridians. This reveals a dynamic equilibrium strategy in
the treatment of this disease that employs both warm and
cold Chinese herbal medicines in combination, uses sweet
and bitter flavors in mutual assistance, and attaches equal
importance to the liver meridian, spleen meridian, and
kidney meridian.

In this study, the 205 Chinese herbal medicines were
classified into 17 categories based on therapeutic efficacy,
among which tonifying and replenishing medicinal, blood-
activating and stasis-dispelling medicinal, dampness-
draining medicinal, heat-clearing medicinal and astringent
medicinal occupied a relatively large proportion. This
distribution pattern reflects the emphasis placed on
supplementing the spleen and kidney, draining dampness
and promoting diuresis, activating blood and resolving
stasis, and clearing heat and purging fire in TCM treatment
of diabetic kidney disease. In addition, the extensive
application of astringent Chinese herbal medicines reflects
the TCM concept of "consolidation and securing" which,
in synergy with Chinese herbal medicines of other
therapeutic categories, can form a multi-dimensional
intervention network. This further validates the composite
therapeutic principle of "tonifying deficiency-promoting
diuresis-activating blood" for this disease, and also
corresponds to the requirement for multi-target
intervention in the modern medical pathological axis of
"metabolism-inflammation-fibrosis."  The  synergistic
effects of these Chinese herbal medicines are not only
manifested in the harmonization of the four properties and
five flavors and the multi-directional intervention of
meridian tropism, but are also fully demonstrated in
high-frequency Chinese herbal medicine-pair
combinations and Chinese herbal medicine compatibility
patterns. The 29 association rules mined using the Apriori
algorithm in the present study provide novel perspectives
for TCM treatment of diabetic kidney disease. For example,
among two-Chinese herbal medicine combinations, the
most frequent pair was Huangqi-Fuling: Astragali Radix
(Huangqi) supplements qi and raises yang to promote the
vaporization of body fluids, while Poria (Fuling)
strengthens the spleen, permeates dampness, and guides
water downward; their combined application—one
ascending and one descending—achieves the effects of
supplementing qi and promoting diuresis, embodying the
concept of "simultaneous treatment of qi and water."
Among three-Chinese herbal medicine combinations, the
most frequent was Huangqi-Fuling-Shanzhuyu: Astragali
Radix (Huangqi) tonifies the spleen and supplements qi,
Poria (Fuling) promotes diuresis and strengthens the
spleen, and Corni Fructus (Shanzhuyu) tonifies the kidney
and consolidates essence; the three Chinese herbal
medicines together form a closed-loop regulation
characterized by "supplementation without stagnation and
diuresis without compromising the healthy qi," which
aligns with the theory of "simultaneous regulation of the

spleen and kidney". This study further employed the
complex system entropy clustering method to analyze core
combinations, yielding 10 core Chinese herbal medicine
combinations for the treatment of diabetic kidney disease,
which represent relatively mature and effective therapeutic
regimens currently used in clinical practice. The five novel
formula combinations derived from entropy clustering and
the improved mutual information method demonstrate a
well-integrated fusion of data mining and TCM theory.
These novel combinations break through the fixed
framework of traditional formulas and embody the precise
treatment thinking of "integrating disease and syndrome
with dynamic adjustment," and may possess greater
clinical adaptability than single therapeutic approaches.
For instance, the core combination of Fuling-Baizhu-
Huangqi exerts the core effects of supplementing qi,
strengthening the spleen, permeating dampness, and
promoting diuresis, and may improve water-sodium
retention and proteinuria in patients at the stage of "spleen
deficiency with exuberant dampness." The addition of
Ophiopogonis Radix (Maidong), which has yin-nourishing
effects, can achieve the effects of supplementing qi,
promoting diuresis, nourishing yin, and generating fluids,
making it applicable to a broader range of patients. The
combination of Shanzhuyu-Shanyao-Shudihuang can
effectively improve clinical manifestations such as fatigue,
weakness, and frequent nocturia in patients with
spleen-kidney deficiency pattern through tonifying the
kidney, nourishing yin, consolidating, and securing
essential qi. The addition of Moutan Cortex (Mudanpi) can
enhance the regulation of blood-level stasis-heat; while the
core combination targets "deficiency" and "failure of
consolidation," the addition of Moutan Cortex (Mudanpi)
targets "heat" and 'stasis,” forming a composite
therapeutic approach of "tonifying deficiency-clearing
heat-resolving stasis," thereby rendering the novel
formulas more comprehensive in addressing complex
symptoms. It is evident that the evolutionary pathway from
"core combinations" to "novel formula combinations" not
only reflects the capability of data mining to reveal implicit
patterns but also aligns with the clinical thinking of TCM
of "treatment based on syndrome differentiation and
modification according to the syndrome".

In summary, Astragali Radix (Huangqi), Poria
(Fuling), Salviae Miltiorrhizae Radix et Rhizoma
(Danshen), Dioscoreae Rhizoma (Shanyao), Corni Fructus
(Shanzhuyu) are the high-frequency core Chinese herbal
medicines employed by contemporary practitioners in the
treatment of diabetic kidney disease. TCM treatment of
this condition primarily utilizes deficiency-supplementing
Chinese  herbal  medicines, complemented by
blood-activating and stasis-resolving Chinese herbal
medicines, water-draining and dampness-permeating
Chinese herbal medicines, heat-clearing Chinese herbal
medicines, and astringent Chinese herbal medicines, in
order to achieve simultaneous treatment of both the root
and the branch. The Chinese herbal medicine-pair
combinations, core combinations, and novel formula
combinations further reveal the common compatibility
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patterns in TCM treatment of diabetic kidney disease,
providing novel ideas and methods for the TCM
management of this condition.
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Data mining on the medication rules of Chinese medicine for
diabetic nephropathy
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Department of Nephrology and Rheumatology , Baoding Hospital, Guang’anmen Hospital, Chinese Academy of Traditional
Chinese Medicine, Baoding, Hebei 071000, China
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Abstract: Objective To investigate the medication patterns of Chinese medicine in treating diabetic nephropathy
through data mining analysis. Methods A comprehensive collection of medical prescriptions for Chinese medicine
treatment of diabetic nephropathy was gathered from databases including CNKI, VIP, Wanfang, and the Chinese
Journal of Traditional Chinese Medicine Literature Database from January 2013 to December 2024. An Excel - based
database was constructed, and a Chinese medicine data mining system was applied to conduct frequency analysis,
medicinal nature and flaver classification, meridian entry, efficacy categorization, hierarchical clustering, association
rules, and complex network analysis. The compatibility patterns and significance within the same cluster were also
explored. Results According to established inclusion and exclusion criteria, 327 articles on Chinese medicine
treatment for diabetic nephropathy were selected, involving 327 prescriptions and 205 types of herbs with a cumulative

usage frequency of 2 624 times. The top ten most frequently used herbs are Asiragalus, Poria, Salvia miltiorrhiza,

DOT: 10.13429/j.cnki.cjcr.2026.06.012

E&WA : b B 2GR PR T (2021418)
EIE1ES : FMININ, E-mail : 646874071@qq.com > Pyo
HAR B HA: 2026-06-20 QR code for English version




- 874 -

I R AT 5

2026 4 6 H55 39 545 6 ] Chin J Clin Res, June 2026, Vol.39 , No.6

Dioscorea, Cornus officinalis, Angelica sinensis, Rheum palmatum, Rehmannia glutinosa, Atractylodes macrocephala,
and ligusticum chuanxiong. These herbs predominantly exhibit cold or warm properties and are mainly sweet or bitter in
flaver, mostly entering the liver, kidney, and spleen entry. The 205 herbs can be categorized into 17 classes based on
their efficacy, with the highest frequencies being tonifying herbs, blood -activating and stasis -resolving herbs, urine
excretion to strain off dampness herbs, heat-clearing herbs, and astringent herbs. The Apriori algorithm was used to
mine herb pair combinations, and 29 association rules were finally obtained. Among them, the most frequent two-herb
combinations were Astragalus - Poria, Astragalus - Salvia miltiorrhiza, Astragalus - Angelica sinensis, Astragalus -
Dioscorea, and Astragalus-Cornus officinalis ; the most frequent three-herb combinations were Astragalus-Poria-Cornus
officinalis, Astragalus - Poria - Dioscorea, Astragalus - Poria - Alisma, Astragalus - Dioscorea - Salvia miltiorrhiza, and
Astragalus - Dioscorea-Alisma. Complex system entropy clustering identified 10 core Chinese medicine combinations for
treating diabetic nephropathy, while 5 new formulae were discovered by entropy clustering and improved mutual
information method. Conclusion Astragalus, Poria, Salvia miltiorrhiza, Dioscorea, and Cornus officinalis are among
the high - frequency core medications used by modern physicians in the treatment of diabetic nephropathy. Chinese
medicine treatments for diabetic nephropathy mainly focus on tonifying drugs, complemented by blood-activating and
stasis-resolving drugs , diuretic and dampness-resolving drugs, heat-clearing drugs , and astringent drugs to achieve
both symptomatic and radical treatment. The pairing of drugs, core combinations, and new formula combinations

further illuminate the common compatibility rules of Chinese medicine in treating diabetic nephropathy, providing new

perspectives and methodologies for its treatment.

Keywords: Literature research; Data mining; Chinese medicine; Diabetic nephropathy; Medication rule
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Tab.1 Medication frequency statistics (top 30)

5 24 R Wi (%) AITE (%)
1 R 184 7.01 56.27
2 eSS 161 6.14 49.24
3 FZ 131 4.99 40.06
4 1124 115 4.38 35.17
5 ILZE8E 97 3.70 29.66
6 5 94 3.58 28.75
7 K 90 3.43 27.52
8 L8Ny 88 3.35 2691
9 HAR 82 3.13 25.08
10 = 73 2.78 2232
11 5 73 2.78 22.32
12 f BERE 72 2.74 22.02
13 RS 70 2.67 21.41
14 e 69 2.63 21.10
15 LRV S 64 2.44 19.57
16 KFZ 55 2.10 16.82
17 HORG 55 2.10 16.82
18 g 53 2.02 16.21
19 ¥ 53 2.02 16.21
20 A 47 1.79 14.37
21 B~ 46 1.75 14.07
22 iy 44 1.68 13.46
23 Ik 42 1.60 12.84
24 ik 40 1.52 12.23
25 T 38 1.45 11.62
26 Fawid 30 1.14 9.17
27 HWeLT 27 1.03 8.26
28 7Kg 24 0.91 7.34
29 A 24 091 7.34
30 I 23 0.88 7.03

F2 FEhMIRIOSSIT
Tab.2 Statistics of main Chinese medicine nature, flavor and

meridian entry

M FIUS S Eo

AR PR PE(%) HAFR PR (%) AR IR B (%)

J€ 855 3258  H 998 38.03 FE 497 18.94
793 3022 ¥ 696 2652 g 448 17.07
F- 705 2687 ¥ 458 1745 JRg 440 16.77
s 182 694 @197 151 D% 345 1315
# 89 339 @ 166 633  filiz 318 1212

B 109 416 B4 183 6.97

ks 102 3.89
DL 100 3.81
Kipz 79 3.01

Rz 57 217
MeZz 34 130
=fEZ 21 080
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Tab.3 Statistical analysis results of main drugs in various

categories of high-frequency drug efficacy

a3k FEZ Sl AR R
2
R FHE(184) (LZH(115) \HAR(82) JHH(70) 382 (69)

KTFZ(55) AZ(15) PGHEZ(7) KEQ) AH5K(2).
212(1)

#hfi 24 MI5(94) BT (88) AT (12) BT (6) [T (4)

N2 FRE(55) E & (47) AfH1S) LT (10)
W2(5) FJM(2) KA&(1)
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R
TEPEIZE R (64) HLHE(53) -2 (24)
IR EA(S) SN (2) AR (2) SERGE(D) AARAE(1)
TG K2y FEE(42) STAGEE(13) T (4)
WPRITZE HE(13) HHI(6) T H(2)
I SHED
RS MR (5) (D)
SitRA 2y TkT(38)
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R4 EI2RGH GG (FT1047)
Tab.4 Statistics of high-frequency 2-herb combinations (top 10)

5 EOpoEiRe SHE EEE O RIHE EEI
1 WA 0.40 0.88 126 #MEAIK
2 HIE-1Z 0.39 0.90 1.57 MR
3 HEE-YH 0.37 0.86 133 AUk
4 -2 0.35 0.77 124 FMAfENg
5 - 033 0.80 136 #RERH
6 RE-1L24 0.33 0.72 130 MR
7 HEE-FAR 0.32 0.85 127 flEER
8 W) 0.31 0.82 L1177
9 1hZ5-419 0.30 0.87 118 fillFRm
10 WS 0.30 0.79 1.08  FKIF M
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Tab.5 Statistics of high-frequency 3-herb combinations (top 10)
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7 -2 0.34 ML=
8 HE-PFS-PEE 0.33 T RN
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10 BEC - LU 2 B 0.31 VIR SRS

®6 HTHEARGMBERLENR AR
Tab.6 Core combinations based on complex system entropy
clustering method
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Fig.4 The core combination map of Chinese medicine in the
treatment of diabetic nephropathy
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Fig.5 New prescription combination map of Chinese medicine
in the treatment of diabetic nephropathy
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