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ABSTRACT

Background: This study analyzes medicinal herbs in Traditional Chinese Medicine (TCM) formulations for post-ischemic stroke
cognitive impairment, identifying key herbs, their interactions, and potential therapeutic mechanisms through systematic review,
frequency analysis, and association rule mining.

Methods: Systematic searches were performed across major databases (CBM, CNKI, VIP, Wanfang Data) to find studies on TCM
for post-ischemic stroke cognitive impairment. Inclusion criteria focused on studies reporting TCM formulas and their cognitive
effects. Data extraction standardized herb names, and frequency analysis identified high-frequency herbs (>10%). Association rule
mining was done using Python with a minimum support of 10%, a minimum confidence of 50%, and a maximum antecedent size
of 5 to uncover key herb associations for therapeutic insights.

Results: A systematic review identified 56 studies on TCM formulas for post-ischemic stroke cognitive impairment, extracting 114
herbs. Frequency analysis found 27 herbs used in over 10% of formulas, with Ligusticum chuanxiong, Acorus tatarinowii, and Salvia
miltiorrhiza being most common. Association rule mining revealed key combinations, suggesting potential synergistic effects in
TCM treatments.

Conclusion: This study highlights key traditional Chinese herbs and herb combinations commonly used in clinical practice
for cognitive impairment after ischemic stroke. The findings suggest that herb pairs such as Ligusticum chuanxiong-Salvia
miltiorrhiza and Acorus tatarinowii-Polygala tenuifolia may exert synergistic effects consistent with both TCM theory and modern
pharmacology. These results provide direction for future targeted studies and support the rational formulation of TCM-based
interventions in stroke rehabilitation.
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1 | Introduction

In 2020, the “China Stroke Report” indicated that the prevalence
of stroke in China is 1114.8 per 100,000 people, with an annual
incidence rate of 246.8 per 100,000 and a mortality rate of 149.49
per 100,000 (Wang et al. 2020; Tian et al. 2022). Approximately
one-third of stroke patients experience post-stroke cognitive
impairment (PSCI), the majority of whom suffer from cognitive
impairment following ischemic stroke (Kuchcinski et al. 2017).
PSCI can lead to a range of adverse outcomes, such as delayed
functional recovery, reduced quality of life, and increased unnec-
essary economic burden on families and society. Therefore, early
prevention, assessment, and timely treatment are crucial for the
disease’s progression and prognosis.

Current modern medical treatments for PSCI mainly involve
interventions targeting stroke-related risk factors (such as hyper-
tension, diabetes, and hyperlipidemia) and pharmacotherapy
aimed at potential pathological pathways. Key medications
include cholinesterase inhibitors, such as donepezil (Kim et al.
2020), non-competitive N-methyl-D-aspartate (NMDA) receptor
antagonists like memantine, and other drugs such as nimodipine,
nicergoline, and butylphthalide, which have been found to
improve cognitive function (Yang et al. 2022; Klamkam et al.
2022; Zhou et al. 2019). However, there is still a lack of large-scale
targeted studies and universally recommended medications.

Traditional Chinese Medicine (TCM) has long recognized and
extensively discussed cognitive impairment following ischemic
stroke, categorizing it under terms like “forgetfulness,” “demen-
tia,” “idiocy,” and “mental dullness,” with symptoms primarily
characterized by cognitive dullness and slow thinking. Recent
studies increasingly demonstrate that TCM can significantly
improve patients’ cognitive functions, behavioral thinking, and
daily living abilities (Guo et al. 2023). The effectiveness, safety,
and reliability of TCM have become more apparent in recent
years, leading to a growing number of documented cases. How-
ever, there is still a relative lack of research focusing on the
characteristics of TCM prescription patterns for treating this
condition.

Therefore, this study aims to analyze the characteristics and
patterns of TCM prescriptions for cognitive impairment follow-
ing ischemic stroke by collecting and applying data mining
techniques to clinical research from recent years. This research
aims to provide evidence for clinical practice and new drug
development in TCM.

2 | Materials and Methods

2.1 | Literature Search

The databases searched included the China Biomedical Litera-
ture Database (CBM), China National Knowledge Infrastructure
(CNKI), VIP Database, and Wanfang Data. Considering that most
TCM clinical studies are published in Chinese-language journals,
we focused our search on Chinese databases (CBM, CNKI, VIP,
and Wanfang), which comprehensively cover relevant literature.
International databases such as PubMed and Web of Science
were not included, as they contain limited records on Chinese-

language TCM formulations used in clinical practice. This choice
ensured a more accurate and exhaustive capture of relevant
prescriptions applied within the Chinese medical system. Key-
words used were “post-stroke cognitive impairment,” “stroke,”
“dementia,” and “Traditional Chinese Medicine treatment,” set
as subject terms. The search period was from the establishment of
the database until June, 2024. A database was constructed based
on these searches, with duplicate records removed.

2.2 | Literature Screening

2.2.1 | Inclusion Criteria

Studies were only included if they met the diagnostic criteria
outlined in the 2019 Chinese Guidelines for the Diagnosis and
Treatment of Vascular Cognitive Impairment issued by the
Neurology Branch of the Chinese Medical Association (Chinese
Stroke Association Vascular Cognitive Impairment 2024). Addi-
tionally, eligible studies were required to include at least 30
clinical cases, a treatment duration of no less than 4 weeks,
and a clearly reported TCM prescription containing three or
more herbal components. Only those studies employing com-
pound formulas or integrated TCM-Western interventions were
retained. Moreover, studies had to report measurable cognitive
outcomes, with the treatment group demonstrating superiority
over controls in terms of total effective rate (> 70% based
on TCM symptom score) and/or significant improvements in
validated cognitive assessments such as the Mini-Mental State
Examination (MMSE), Montreal Cognitive Assessment (MoCA),
and Activities of Daily Living (ADL) scales. To ensure scientific
robustness, we also included only studies with clear research
design, well-defined data collection procedures, and appropriate
statistical analysis methods.

2.2.2 | Exclusion Criteria

(1) Studies with unclear diagnoses or comorbidities. (2) Studies
with unclear or incomplete descriptions of medication composi-
tion. (3) Studies with different prescription names but identical
compositions, counted as a single study. (4) Studies using non-
traditional TCM decoctions, such as health products, external
medicines, or injectable drugs.

2.3 | Database Construction and Data Cleaning

An Excel 2020 database was established for TCM compound for-
mulas. Standardized naming conventions were applied according
to the “Thirteenth Five-Year Plan” textbooks on Chinese Materia
Medica published by the China Traditional Chinese Medicine
Publishing House. For instance, Jiang Banxia and Fa Banxia were
standardized as Banxia. Each herb was assigned a binary value
(1 for presence, 0 for absence). Two individuals independently
entered the data, followed by review and verification.

We acknowledge that combining different processed forms of
certain herbs (e.g., Pinellia) under a single standardized name
may introduce variability in pharmacological effects. This limita-
tion was necessary for data harmonization across heterogeneous
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FIGURE 1 | Literature screening process and results.

clinical reports but should be considered when interpreting
results involving such herbs.

2.4 | Data Mining

Frequency analysis was conducted on the usage frequency,
properties, meridian tropism, and efficacy of individual herbs.
For high-frequency herbs (usage frequency > 10%), SPSS 18.0 was
used for data mining, employing hierarchical clustering based on
the properties, meridian tropism, and primary therapeutic effects
of the herbs. Python was used to perform association rule analysis
and to visualize the network of herbal combinations.

3 | Results

3.1 | Literature Screening Results

Two researchers independently conducted literature searches,
yielding 4726 relevant studies on the use of TCM for PSCI. Based
on inclusion and exclusion criteria, 69 studies met the standards,
and after further processing, 56 TCM formulas were identified.
The detailed process of database search, literature, and formula
screening is illustrated in Figure 1.

3.2 | Frequency and Frequency Analysis of
High-Frequency Chinese Medicines for Treating
Cognitive Impairment Post-Ischemic Stroke

From the 56 TCM formulas, a total of 114 distinct Chinese
medicinal herbs were identified after standardizing their names.
These herbs appeared a total of 496 times in the formulas.
Among them, 27 herbs were used with a frequency greater
than 10%. The top five herbs by frequency were Chuanxiong
(Ligusticum chuanxiong), Shichangpu (Acorus tatarinowii), Dan-
shen (Salvia miltiorrhiza), Gancao (Glycyrrhiza uralensis), and
Honghua (Carthamus tinctorius). The frequency and usage rates
of high-frequency herbs are shown in Table 1.

3.3 | Analysis of the Properties and Meridian
Tropism of Chinese Medicines for Treating
Cognitive Impairment Post-Ischemic Stroke

According to the 2015 edition of the “Chinese Pharmacopoeia,”
the properties and meridian tropism of herbs with a usage
frequency greater than 10% were analyzed. These herbs included
six types of properties, with warm (33.33%), neutral (25.92%),
and slightly warm (18.51%) being the most common, followed
by slightly cold (7.41%), cold (7.41%), and cool (7.41%). When
slightly cold is combined with cold and slightly warm with
warm, the frequencies of the four natures are warm (51.85%),
neutral (25.93%), cold (14.81%), and cool (7.41%), with no hot
properties observed. The herbs exhibited seven flavors, with
pungent (29.54%), bitter (27.27%), and sweet (27.27%) being the
most prevalent, followed by salty (6.82%), astringent (4.54%),
bland (2.27%), and sour (2.27%). The meridian tropism involved
ten organs, with the liver (30.30%), heart (16.67%), and spleen
(15.15%) being the most targeted, followed by the kidney (9.09%),
stomach (9.09%), lung (9.09%), gallbladder (4.54%), pericardium
(3.03%), bladder (1.51%), and large intestine (1.51%), as shown in
Figure 2.

3.4 | Cluster Analysis Results

Using the classification standards of the “Thirteenth Five-Year
Plan” national textbook on “Chinese Materia Medica,” 27 herbs
with a usage frequency greater than 10% (totaling 327 instances)
were analyzed. These herbs were categorized based on their pri-
mary therapeutic effects. The top five categories of herbs used for
treating cognitive impairment post-ischemic stroke were blood-
activating herbs, tonifying herbs, intelligence-enhancing herbs,
wind-calming and collaterals-unblocking herbs, and phlegm-
resolving herbs, as shown in Table 2.

3.5 | Association Rule Analysis

Using Python, an association rule analysis was conducted on the
herbs within the formulas. Due to the strong correlations among
the herbs, the minimum support was set at 10%, the minimum
confidence at 50%, and the maximum antecedent size at 5. The
top 30 association rules are presented in Table 3 and Figure 3.
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TABLE 1 | Medicinal herb frequency.

Rank Medicinal Herb Frequency Percentage
1 Ligusticum chuanxiong 28 50.00%
2 Acorus tatarinowii 27 48.21%
3 Salvia miltiorrhiza 24 42.86%
4 Carthamus tinctorius 16 28.57%
5 Angelica sinensis 16 28.57%
6 Polygala tenuifolia 15 26.79%
7 Glycyrrhiza uralensis 14 25.00%
8 Paconia lactiflora 14 25.00%
9 Rehmannia glutinosa 12 21.43%
10 Panax ginseng 11 19.64%
1 Polygonatum sibiricum 1 19.64%
12 Astragalus membranaceus 10 17.86%
13 Polygonum multiflorum 10 17.86%
14 Gastrodia elata 10 17.86%
15 Semen erythrophlei 9 16.07%
16 Cornus officinalis 9 16.07%
17 Curcuma aromatica 8 14.29%
18 Paris polyphylla 8 14.29%
19 Poria cocos 8 14.29%
20 Panax notoginseng 7 12.50%
21 Buthus martensi 7 12.50%
22 Hirudo 7 12.50%
23 Prunus persica 7 12.50%
24 Bombyx mori 6 10.71%
25 Pinellia ternata 6 10.71%
26 Glycyrrhiza glabra 6 10.71%
27 Citrus reticulata 6 10.71%
4 | Discussion mentioned in “Materia Medica for Prepared Medicines” that

This study systematically reviewed and analyzed the utilization
of TCM in treating cognitive impairment following ischemic
stroke. The analysis of 56 identified TCM formulas revealed a
diverse array of 114 medicinal herbs, with 27 herbs showing
usage frequencies exceeding 10%. Key herbs such as Ligusticum
chuanxiong, Acorus tatarinowii, Salvia miltiorrhiza, Carthamus
tinctorius, and Angelica sinensis were prominently featured.
Association rule mining further highlighted significant herb com-
binations, underscoring prevalent synergies in TCM formulations
aimed at cognitive recovery post-stroke.

4.1 | Traditional Chinese Medicine Perspectives
on Post-Ischemic Stroke Cognitive Impairment

In TCM diagnostics, post-ischemic stroke cognitive impairment
is not specifically recognized and is generally categorized under
“forgetfulness” or “amnesia.” Qing Dynasty physician Wang Ang

memory resides in the brain and that memory loss in the elderly
is due to brain depletion. In “Medical Heart Manual: Amnesia
Chapter,” it is stated that “the kidney governs intelligence;
when the kidney is deficient, intelligence is insufficient, hence
forgetfulness of previous words.” “Treatise on Febrile Diseases”
notes that those who are prone to forgetfulness must have blood
stasis. “Complete Works of Jingyue” says that blood stasis in
the heart leads to amnesia. The “Secret Record of the Stone
Chamber” describes a “miraculous method for treating stupidity,
which involves treating phlegm to cure stupidity.” In “Records
of Differentiation and Treatment,” Chen Shize introduced the
concept of “disease of stupidity,” attributing its primary mech-
anism to liver depression attacking the spleen, stomach decline
causing phlegm production, phlegm accumulating in the chest,
obstructing the heart orifices, damaging the spirit, depleting
marrow, and brain decay. He proposed resolving depression and
phlegm, and strengthening the spleen and promoting qi as the
main treatment methods. Tang Rongchuan’s “Theory of Blood
Syndromes” states that “when blood is in the upper part, it
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becomes turbid and obscures clarity,” and that “blood stasis in
the heart causes amnesia.” He also mentioned that “if phlegm is
not resolved, the orifices will not open; if stasis is not removed,
the mind cannot be controlled.” Therefore, phlegm and blood
stasis are both pathological products and pathogenic factors that
often coexist, and their obstruction of the orifices is the primary
contradiction in this condition.

4.2 | Analysis of Medication Frequency

From the medication frequency analysis, it is evident that there
are commonalities in the use of TCM for treating post-ischemic
stroke cognitive impairment. The most frequently used herb is
Chuanxiong (Ligusticum chuanxiong), which has the functions
of promoting blood circulation, dispelling wind, and relieving
pain. Its warm nature and pungent fragrance allow it to move
through the blood vessels, making it effective in activating
blood and resolving stasis, as well as promoting qi circulation.
“Materia Medica” describes it as capable of “ascending to the
head and eyes,” facilitating blood circulation and clearing the
brain. The second most frequent herb is Shichangpu (Acorus
tatarinowii), known for its pungent and bitter nature that warms
the blood vessels, dispels phlegm, and awakens the mind, making
it effective in treating phlegm-dampness obstructing the orifices.
Recent clinical studies have confirmed its neuroprotective effects
and its significant role in treating ischemic brain injury (Qin

Five Flavors
sweet

astringde

bland

Traditional Chinese medicines for treating post-ischemic stroke cognitive impairment: four properties, five flavors, and meridians.

et al. 2021). The third most frequent herb is Danshen (Salvia
miltiorrhiza), which promotes blood circulation, removes blood
stasis, and alleviates pain. It has the dual functions of activating
blood and nourishing blood. “Gynecology Theory” mentions
Danshen’s ability to “nourish and generate blood,” comparing its
efficacy to that of Peony for blood regulation and stasis removal,
enhancing its therapeutic effect on ischemic stroke by improving
hemorheology and platelet function (Wu et al. 2022). Studies
have shown that Danshen exerts multiple protective effects in
ischemic stroke by inhibiting apoptosis, reducing inflammation,
and protecting neurons, thereby synergistically treating ischemic
stroke (X Liu et al. 2022).

4.3 | Analysis of Medicinal Properties and
Meridian Tropism

The analysis of the medicinal properties and meridian tropism
of frequently used herbs reveals that the primary properties are
warm, neutral, and slightly warm, indicating that the treatment
of post-ischemic stroke cognitive impairment mainly involves
warming the meridians and tonifying qi and blood. This aligns
with the principle that the disease is characterized by deficiency
and excess, justifying the use of blood-activating and tonifying
herbs. The flavors predominantly include pungent, bitter, and
sweet. Pungent flavors disperse and move, promoting blood
circulation and resolving stasis; bitter flavors clear heat, dry
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TABLE 2 | Cluster analysis results of common Chinese medicines for treating cognitive impairment post-ischemic stroke.
Category Number Type Medicines Effects
Category 1 81 Activating Medicines Ligusticum chuanxiong, Blood-activating and
Carthamus tinctorius, Prunus stasis-removing
persica, Panax notoginseng
Salvia miltiorrhiza, Curcuma Cool blood and activate
aromatica, Paeonia lactiflora blood
Hirudo medicinalis Activate blood
circulation
Category 2 81 Tonifying Medicines Glycyrrhiza uralensis, Astragalus Tonify Qi as the main
membranaceus, Panax ginseng effect
Angelica sinensis, Rehmannia Tonify blood as the
glutinosa, Polygonum multiflorum main effect
Category 3 42 Mental-Enhancing Medicines Acorus tatarinowii Mainly opens orients
and awakens
Polygala tenuifolia Mainly removes
phlegm and opens
orients
Category 4 35 Wind-Extincting and Buthus martensi, Polygonatum Mainly extinguish
Collateral-Activating sibiricum, Gastrodia elata wind and stop spasm
Medicines
Bombyx mori Mainly dispels phlegm
and dissipates nodes
Category 5 21 Phlegm-Transforming Paris polyphylla Mainly dispels wind

Medicines

and transforms phlegm

Pinellia ternata, Citrus reticulata Mainly invigorates the
spleen and transforms

phlegm

dampness, and drain fire while preserving yin; sweet flavors
tonify, harmonize, and moderate. The herbs primarily target the
liver, heart, and spleen meridians. The liver stores blood and
regulates blood volume, the heart governs the blood vessels and
circulates blood, ensuring the liver has sufficient blood storage.
The spleen governs transformation and transportation; if the
spleen’s function is impaired, phlegm is generated internally,
leading to phlegm obstructing the orifices and causing cognitive
impairment.

4.4 | Cluster Analysis Results

Cluster analysis indicates that the common herbs used in clinical
practice for treating post-ischemic stroke cognitive impairment
are primarily blood-activating, tonifying, intelligence-enhancing,
wind-calming and collaterals-unblocking, and phlegm-resolving
herbs. This classification largely corresponds with their clinical
efficacy, although some categorizations can be optimized: Sanqi
(Panax notoginseng) and Chishao (Paeonia lactiflora) should be
classified as blood-activating herbs. Shichangpu (Acorus tatari-
nowii) and Yuanzhi (Polygala tenuifolia) should be classified as
intelligence-enhancing herbs. Chenpi (Citrus reticulata) should
be classified as a phlegm-resolving herb.

This classification is reasonable based on literature: Sanqi is
described in “Materia Medica” as bitter and warm, capable of

transforming blood stasis. “Shennong’s Herbal Classic” notes its
effectiveness in eliminating blood stasis. Chishao is noted for its
blood-activating properties. Shichangpu is described in “Shen-
nong’s Herbal Classic” as descending qi, opening the mind, and
benefiting intelligence, making it a key herb for unblocking the
heart and spleen meridians. Yuanzhi is described in “Shennong’s
Herbal Classic” as benefiting wisdom and intelligence, calming
the mind, and preventing forgetfulness. Chenpi, with its pungent,
warm, and aromatic properties, enters the spleen and stomach
meridians, drying dampness and awakening the spleen, often
used with Banxia to resolve phlegm and regulate qi, following the
principle that “to treat phlegm, first regulate qi.”

It should be noted that the processing methods of herbs like
Banxia can influence their toxicity and therapeutic effect. Our
standardized approach did not differentiate between processed
variants, which may limit the granularity of efficacy interpreta-
tions for such herbs.

4.5 | Association Rule Analysis

Based on the above analysis, the common herbal pairs for treating
post-ischemic stroke cognitive impairment include Shichangpu-
Chuanxiong for resolving phlegm and awakening the mind,
promoting blood circulation and qi movement; Chuanxiong—
Danshen for activating blood, resolving stasis, and unblocking the
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TABLE 3 | Association rules for medicinal herbs in the treatment of cognitive impairment.

Rule Support Confidence Lift
Acorus tatarinowii — Ligusticum chuanxiong 0.26786 0.56 1.1
Polygala tenuifolia — Acorus tatarinowii 0.25 0.93 1.94
Salvia miltiorrhiza — Ligusticum chuanxiong 0.25 0.58 117
Acorus tatarinowii — Polygala tenuifolia 0.25 0.52 1.94
Ligusticum chuanxiong — Salvia miltiorrhiza 0.25 0.5 1.17
Carthamus tinctorius — Salvia miltiorrhiza 0.19643 0.69 1.6
Angelica sinensis — Ligusticum chuanxiong 0.19643 0.69 1.38
Polygonatum sibiricum — Salvia miltiorrhiza 0.18 0.91 2.12
Polygonatum sibiricum + Ligusticum chuanxiong — Salvia miltiorrhiza 0.16 1 2.33
Polygonatum sibiricum + Salvia miltiorrhiza — Ligusticum chuanxiong 0.16 0.9 1.8
Polygonatum sibiricum — Ligusticum chuanxiong 0.16 0.82 1.64
Polygonatum sibiricum — Salvia miltiorrhiza + Ligusticum chuanxiong 0.16 0.82 3.27
Rehmannia glutinosa — Polygala tenuifolia 0.16071 0.75 1.56
Paceonia lactiflora — Ligusticum chuanxiong 0.16071 0.64 1.29
Salvia miltiorrhiza + Ligusticum chuanxiong — Polygonatum sibiricum 0.16071 0.64 3.27
Astragalus membranaceus — Ligusticum chuanxiong 0.14 0.8 1.6
Carthamus tinctorius + Ligusticum chuanxiong — Salvia miltiorrhiza 0.14286 0.73 1.7
Carthamus tinctorius + Salvia miltiorrhiza — Ligusticum chuanxiong 0.14286 0.73 1.45
Glycyrrhiza uralensis — Salvia miltiorrhiza 0.14286 0.57 1.33
Salvia miltiorrhiza + Ligusticum chuanxiong — Carthamus tinctorius 0.14286 0.57 2
Polygala tenuifolia — Glycyrrhiza uralensis 0.14286 0.53 1.07
Angelica sinensis — Polygala tenuifolia 0.14286 0.5 1.04
Carthamus tinctorius — Angelica sinensis 0.14286 0.5 1.75
Angelica sinensis — Carthamus tinctorius 0.14286 0.5 1.75
Carthamus tinctorius — Salvia miltiorrhiza + Ligusticum chuanxiong 0.14286 0.5 2
Salvia miltiorrhiza — Glycyrrhiza uralensis 0.14286 0.33 1.33
Salvia miltiorrhiza — Carthamus tinctorius + Ligusticum chuanxiong 0.14286 0.33 1.7
Polygala tenuifolia — Carthamus tinctorius 0.14286 0.3 1.04
Ligusticum chuanxiong — Polygala tenuifolia 0.14286 0.29 1.07
Ligusticum chuanxiong — Astragalus membranaceus 0.14286 0.29 1.6

orifices; Shichangpu-Yuanzhi for awakening the mind, resolving
phlegm, and enhancing intelligence. Other herbal pairs also
primarily focus on activating blood, resolving stasis, unblocking
the orifices, and enhancing intelligence, indicating that the
clinical treatment strategy involves combining blood-activating
herbs with orifice-unblocking herbs. Shichangpu and Chuanx-
iong, in particular, are strongly associated with other herbs,
highlighting their critical role in treating post-ischemic stroke
cognitive impairment. Modern pharmacological studies support
this perspective, showing that ligustrazine in Chuanxiong can
dilate cerebral blood vessels, improve cerebral circulation, and
protect against cerebral ischemia-reperfusion injury (Gao et al.
2015; Peng et al. 2019). Shichangpu inhibits the activation of
microglial cells and reverses neuronal apoptosis, improving
cognitive dysfunction by mitigating inflammation (H. J. Liu
et al. 2017). Yuanzhi extracts, such as saponins, flavonoids,

and polysaccharides, have been shown to improve cognitive
impairment, delay dementia, protect neurons, and have seda-
tive effects (Zhai et al. 2018). Yuanzhi saponins can improve
cognitive function by enhancing the cholinergic system in the
hippocampus and cerebral cortex, reducing oxidative damage,
and decreasing amyloid protein expression (Shui et al. 2017; Gu
and Xu 2019). The combination of Yuanzhi and Shichangpu is
commonly used in TCM for synergistic effects in brain health and
cognitive enhancement, demonstrating a greater-than-additive
effect on improving cognitive function (Li et al. 2019).

4.5.1 | Key Herb Pairs and Their Therapeutic Roles

To further enhance the interpretability and clinical utility of
the association rule analysis, we extracted and summarized the
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FIGURE 3 | Network analysis of interactions among medications.

most representative herb pairs from the top 30 association rules
identified in this study. These herb pairs not only reflect frequent
co-prescriptions but also align with TCM theories and modern
pharmacological evidence regarding the treatment of PSCI.

(1) Acorus tatarinowii-Polygala tenuifolia

This pair appeared with the highest lift (1.94) and a confidence of
0.93, indicating a strong co-occurrence and potential synergistic
effect. In TCM theory, both herbs are classified as mental-
enhancing medicines that open the orifices and resolve phlegm.
Acorus tatarinowii warms and unblocks the meridians to awaken
the mind, while Polygala tenuifolia disperses phlegm and calms
the spirit. Pharmacological studies have shown that both herbs
improve cognitive function by modulating the cholinergic system,
reducing oxidative stress, and inhibiting neuronal apoptosis.

(2) Ligusticum chuanxiong-Salvia miltiorrhiza

This is a classic blood-activating pair with a lift of 1.17 and
confidence of 0.50. Ligusticum chuanxiong invigorates qi and

Ang'nsis

Salvi.rhiza

promotes blood circulation, while Salvia miltiorrhiza enhances
microcirculation and exerts anti-inflammatory and antioxidant
effects. Both are commonly used to address blood stasis—a key
pathological factor in PSCI as recognized in TCM. Modern stud-
ies also confirm their neuroprotective roles through improved
cerebral perfusion and reduced ischemia-reperfusion injury.

(3) Carthamus tinctorius-Salvia miltiorrhiza

This combination is frequently used to further augment blood
circulation. With a confidence of 0.69 and lift of 1.60, the pairing
shows a robust clinical association. TCM views Carthamus
tinctorius as effective in unblocking the collaterals and dispersing
blood stasis, which complements the stasis-resolving and vessel-
protective properties of Salvia miltiorrhiza. Together, they support
improved cognitive recovery by enhancing cerebrovascular func-
tion.

(4) Angelica sinensis-Ligusticum chuanxiong
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The lift of 1.38 and confidence of 0.69 underscore the frequent
clinical use of this pair. Angelica sinensis nourishes blood and
harmonizes circulation, while Ligusticum chuanxiong activates
qi and resolves stagnation. This combination reflects the TCM
principle of combining tonification and dispersion to simultane-
ously address deficiency and excess, which is critical in treating
complex syndromes like PSCI.

(5) Polygonatum  sibiricum-Salvia

chuanxiong

miltiorrhiza/Ligusticum

Polygonatum sibiricum co-occurred frequently with both Salvia
miltiorrhiza and Ligusticum chuanxiong, with a lift of 2.12 and
above. This combination reflects the integration of tonifying and
activating principles. Polygonatum sibiricum nourishes yin and
boosts cognitive resilience, while the activating herbs address
vascular factors, forming a dual strategy of nourishing the root
and unblocking the branch.

These herb pairs, highlighted through association rule mining,
exemplify core therapeutic strategies in TCM for PSCI—namely,
phlegm elimination, blood activation, orifice unblocking, and
mental restoration.

It is important to note that while this study identified frequently
co-occurring herb pairs, the analysis did not account for the
specific compatibility ratios between herbs due to inconsistent or
absent dosage reporting in the source literature. Since different
ratios can influence efficacy and safety, this represents a method-
ological limitation and highlights the need for future research
that incorporates quantitative prescription data.

5 | Conclusion

This study comprehensively examined the utilization of TCM
in the treatment of cognitive impairment following ischemic
stroke through systematic literature review and computational
analysis. Analysis of 56 identified TCM formulas revealed 114 dis-
tinct medicinal herbs, with 27 herbs showing usage frequencies
exceeding 10%. Prominent herbs such as Ligusticum chuanxiong,
Acorus tatarinowii, Salvia miltiorrhiza, Carthamus tinctorius, and
Angelica sinensis were identified as key components in these for-
mulations. Association rule mining highlighted significant herb
combinations, illustrating prevalent synergies in TCM therapies
aimed at cognitive recovery post-stroke. These findings provide
valuable insights into the complex interactions and potential
therapeutic mechanisms of TCM herbs in managing PSCIs.
In conclusion, this research contributes to the understanding
of TCM treatment strategies for post-ischemic stroke cognitive
impairment, emphasizing the importance of tailored herbal
formulations and synergistic effects in clinical practice. Further
studies are warranted to validate these findings and optimize
treatment protocols for enhanced patient outcomes.
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