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Background: Lactation insufficiency is a prevalent challenge for nursing mothers globally. There is a growing interest in the use of herbal galactagogues for enhancing lactation, but their therapeutic efficacy and underlying mechanisms need thorough investigation. This study aims to investigate the efficacy and mechanisms of action of herbal galactagogues in addressing lactation insufficiency by utilizing real-world data and employing a network analysis approach.

Methods: Our retrospective study used Taiwan’s Longitudinal Health Insurance Database 2000 (LHID2000) to identify 490 patients diagnosed with lactation insufficiency from 2000 to 2018. We analyzed demographic characteristics, co-existing diseases, and prescription patterns for both users and non-users of Chinese herbal products (CHP). Additionally, we utilized a network analysis approach to explore potential compounds and targets in the most frequently used CHP, the Wang Bu Liu Xing and Lu Lu Tong herb pair (WLHP) combination.

Results: Out of 490 patients, 81% were CHP users. There were no significant differences in demographic characteristics between CHP users and non-users, but we observed a notable divergence in the prevalence of co-existing diseases. A detailed examination of CHP prescriptions revealed the predominance of WLHP, prompting further investigation. Comprehensive analysis identified 29 major compounds in WLHP, which were associated with 215 unique targets. Intersection analysis revealed 101 overlapping targets between WLHP and lactation, suggesting their potential as therapeutic targets for lactation insufficiency treatment. Topological analysis of the protein-protein interaction (PPI) network identified 13 hub genes potentially crucial for the therapeutic effect of WLHP. Functional enrichment analysis showed that these targets were involved in critical lactation regulation pathways, including the PI3K-Akt signaling pathway, prolactin signaling pathway, estrogen signaling pathway, and AMPK signaling pathway.

Discussion: This study emphasizes the potential of CHP, specifically the WLHP combination, in managing lactation insufficiency. The multi-compound, multi-target approach of WLHP and its interaction with key biological processes and signaling pathways offer valuable insights into the underlying mechanisms of its therapeutic effects. These findings warrant further experimental validation and can guide future research and clinical applications of CHP in lactation insufficiency treatment.
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1 Introduction

Breast milk is a unique and irreplaceable nutritional source, offering essential macronutrients such as carbohydrates, proteins, and fats, alongside micronutrients like vitamins and minerals, specifically tailored to an infant’s needs. Additionally, the breast milk contains a diverse array of microorganisms, collectively known as the milk microbiota, whose interactions with the mother-child microbiome are essential for the infant’s health and play a pivotal role in their early development (1–4). It also contains biocompounds, including like secretory immunoglobulin A, growth factors, and hormones, which support the infant immune system and promote optimal development (5–7). Besides physical benefits, breastfeeding is vital to foster maternal-infant bonding and offers emotional and psychological advantages for both the mother and baby (8, 9).

Optimal lactation is essential for infant growth, development, and overall wellbeing (10). Lactation insufficiency, which includes conditions like agalactia (the complete absence of milk production) and hypogalactia (diminished milk production), is a significant concern for many postpartum women. It affects the health and wellbeing of both the mother and the infant (11, 12). Lactation insufficiency can result from various factors, including hormonal imbalances such as insufficient prolactin or oxytocin production (13), inadequate glandular tissue impairing milk synthesis (14), inadequate diet, and suboptimal breastfeeding practices like poor latching or infrequent feeding (14, 15). The use of galactagogues, substances that promote lactation, is a common approach to address lactation insufficiency (16). Pharmacological galactagogues, such as metoclopramide and domperidone, are extensively utilized in clinical practice (17). However, the potential side effects and contraindications associated with pharmacological galactagogues have raised concerns among healthcare professionals and patients. These issues include possible central nervous system side effects, cardiac arrhythmias, and drug interactions, posing risks to both the mother and infant (18, 19). Therefore, there is a growing need to explore alternative solutions, particularly herbal galactagogues, which are considered safer and more natural options for promoting lactation (20, 21).

Traditional Chinese medicine (TCM) has a long-standing and rich history of employing herbal galactagogues to address lactation insufficiency and enhance milk production (22). Herbal remedies, including galactagogues, are carefully selected and combined based on their synergistic properties to promote optimal lactation and overall wellbeing. Ancient TCM texts and empirical knowledge passed down through generations have documented various herbal galactagogues and their specific roles in supporting lactation. These herbs are believed to function through multiple mechanisms, such as unblocking meridians [“meridians” are conceptualized as a network of pathways in the body through which energy and information are thought to circulate (23)], nourishing the blood, tonifying Qi [“Qi” is a vital energy or life force that circulates throughout the body, crucial for health and wellbeing (24)], and promoting fluid production. Consequently, TCM herbal galactagogues offer a holistic approach to address lactation insufficiency, targeting the enhancement of milk production as well as improvement of maternal health and wellbeing. In Taiwan, TCM plays an integral role in healthcare, and the use of Chinese herbal products (CHP) for lactation support is widespread (22, 25). However, a thorough comprehension of their prescription habits remains to be achieved.

In this study, we aimed to uncover the prescription patterns and therapeutic potential of CHP in addressing lactation insufficiency in Taiwan. To accomplish this, we combined real-world evidence from the National Health Insurance Research Database (NHIRD) and network analysis to obtain a comprehensive perspective.



2 Materials and methods


2.1 Real world data source

The NHIRD is an extensive medical database created and maintained by the Taiwan National Health Insurance administration. It encompasses a wide range of longitudinal data on healthcare services provided to insured individuals, including demographic information, diagnoses, treatment procedures, and prescribed medications. The NHIRD serves as an invaluable asset for researchers conducting large-scale population-based studies across various medical fields, such as epidemiology, healthcare utilization, and drug safety (26). The NHIRD follows the International Classification of Diseases, 9th Revision, and 10th Revision, Clinical Modification (ICD-9-CM and ICD-10-CM, respectively) for disease coding. This study was approved by the Institutional Review Board of the Research Ethics Committee of China Medical University Hospital (CMUH111-REC2-109).



2.2 Study population

This retrospective observational population-based study used the Longitudinal Health Insurance Database 2000 (LHID2000) to select patients from January 1, 2000, to December 31, 2018. The flow chart is shown in Figure 1. Initially, we identified pregnant women (ICD9-V22, V23, V27.0, V27.2, V27.3, V27.5, V27.6, V30-V39, 650; ICD10-O09, O36.8, O80, O99.84, Z32.01, Z33.1, Z34, Z37.0, Z37.2, Z37.3, Z37.5, Z37.6, Z38) within the LHID2000 (n = 168,741). Following delivery, lactation insufficiency (ICD9-676.4, 676.84; ICD10-O92.3, O92.4) was identified in patients with diagnostic records (n = 490). Individuals who visited a Chinese medicine clinic and received CHP treatment at least once within 1 month after being diagnosed with lactation insufficiency were defined as “CHP users,” while those who did not use CHP were considered “non-CHP users.” The decision to classify “CHP users” in this manner was based on two main considerations: (1) the timeliness of treatment, as the first month after diagnosis is a critical period for addressing lactation insufficiency and providing timely intervention is essential to improve the health of both the mother and infant, and (2) treatment adherence, as a 1-month time frame helps identify patients who actively sought and adhered to CHP treatment for lactation insufficiency, allowing the study to better assess the prescription patterns of CHP treatment in the target population.


[image: image]

FIGURE 1
Flow chart depicting the study design and patient selection process for lactation insufficiency.




2.3 Assessment of covariates

The sociodemographic factors assessed included age, income, and urbanization level. Adult patients were further divided into three subgroups by age: 18–30, 31–40, and 41–50 years. Income, determined by individual working salary, was classified into three levels: <20,000, 20,000–39,999, and ≥40,000 NT$/month. Additionally, the urbanization level of townships in Taiwan was categorized based on the population characteristics including educational level, density, proportion of elderly individuals, and general occupation, ranging from the highest to lowest across the three levels. We also collected data on commonly prescribed medications related to lactation insufficiency, such as pharmacological galactagogues, including metoclopramide (ATC code-A03FA01), domperidone (ATC code-A03FA03), and sulpiride (ATC code-N05AL01).



2.4 Analysis of co-existing diseases and CHP use in lactation insufficiency

We examined the frequency distribution of co-existing diseases in both CHP users and non-CHP users following a diagnosis of lactation insufficiency, based on ICD-9 and ICD-10 codes. Subsequently, for the CHP user group, we examined the prescribed treatments, including calculation of the frequency of single Chinese herbs, Chinese herbal formulas, and dual CHP combinations specifically used for lactation insufficiency. To gain insight into the relationships between different herbs and herbal formulas used for lactation insufficiency and to identify a core prescription pattern, we conducted a correlation network analysis of the common CHP combinations.



2.5 Statistical analysis

Categorical variables are presented by sample size, with the chi-square test used to determine differences between CHP and non-CHP users. Continuous variables are presented as mean and standard deviation, with t-tests used to identify differences. The odds ratios of the variables were calculated using a logistic regression model, adjusting for age group, income, urbanization, and medications. All statistical analyses were performed using SAS software, version 9.4 (SAS Institute Inc., Cary, NC), and the correlation network graph of common CHP combinations was created using RStudio.



2.6 Herbal compound collection and target identification for Wang Bu Liu Xing [Vaccaria segetalis (Neck.) garcke] and Lu Lu Tong (Liquidambar formosana hance) herb pair (WLHP)

A comprehensive search for the chemical constituents of WLHP, comprising Wang Bu Liu Xing and Lu Lu Tong, was conducted using the Traditional Chinese Medicine Systems Pharmacology (TCMSP) database.1 Our study included all identified compounds, without filtering based on oral bioavailability (OB) or drug-likeness (DL), to thoroughly explore the potential therapeutic effects of these herbs. The compound targets were retrieved from the TCMSP database and mapped to their gene symbols using the UniProt database2 for further analysis.



2.7 Lactation-related target screening and correlative target identification between WLHP and lactation

A comprehensive list of lactation-related targets was compiled through a systematic search in the Online Mendelian Inheritance in Man (OMIM),3 DisGeNET,4 and GeneCards5 databases using the keyword “lactation” for “Homo sapiens.” After eliminating duplicates and invalid targets, the remaining targets were used to establish connections between WLHP and lactation. Overlapping WLHP and lactation targets were considered correlative targets for treating lactation insufficiency. The Venn online tool6 was used for intersection analysis.



2.8 PPI network construction

Protein-protein interaction networks for intersecting gene targets were constructed using the STRING database.7 The networks were limited to “Homo sapiens” with a combined interaction score of ≥0.7 (high confidence) and were visualized and analyzed using Cytoscape software (version 3.9.1) to understand the target relationships and interactions.



2.9 Network topology analysis and hub gene identification

The CytoHubba plugin in Cytoscape was used to analyze the PPI network topology and identify hub genes. Various topology algorithms, including maximum neighborhood component (MNC), edge percolated component (EPC), degree, betweenness, and closeness, were applied to the rank nodes. Nodes with high rankings in multiple algorithms were considered potential hub genes, playing crucial roles in the therapeutic effects of WLHP on lactation insufficiency.



2.10 Functional enrichment analysis

To understand the biological functions and pathways associated with overlapping targets between WLHP and lactation, functional enrichment analysis was performed using Metascape.8 Gene Ontology (GO) terms for biological process (BP), cellular component (CC), and molecular function (MF), as well as Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways, were enriched. A p-value < 0.01 was set as the threshold for statistical significance.




3 Results


3.1 Demographic characteristics and pharmacological galactagogue use among CHP users and non-CHP users with lactation insufficiency

In total, 490 patients diagnosed with lactation insufficiency were identified in the LHID2000 from 2000 to 2018. Of these, 397 were categorized as CHP users (81%), and 93 as non-CHP users (19%). Table 1 presents the demographic characteristics and medication use in both groups. The average age of the study population was approximately 33 years. Most patients with lactation insufficiency in both groups belonged to the 31–40-year age bracket, earned less than 20,000 NT$ per month, and were from the most urbanized areas. A comparative analysis between CHP users and non-CHP users revealed no significant disparities in terms of age, income, and urbanization level (p > 0.05). In the context of pharmacological galactagogue usage, domperidone was the most commonly prescribed medication among both CHP and non-CHP users. Specifically, it was administered to 83.4% of CHP users and 68.8% of non-CHP users, a statistically significant difference (p = 0.0014). Metoclopramide was also widely used and was administered to 70.5% of CHP users and 67.7% of non-CHP users. However, the difference was not statistically significant (p = 0.5976). Sulpiride was less frequently prescribed, to 12.8% of CHP users and 10.8% of non-CHP users, with no significant difference noted between the two groups (p = 0.5820).


TABLE 1 Characteristics of Chinese herbal product (CHP) and non-CHP users with lactation insufficiency.
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3.2 Co-existing diseases in CHP and non-CHP users with lactation insufficiency

Table 2 presents the frequency distribution of co-existing diseases in both the CHP and non-CHP user groups. The range of co-existing diseases in CHP users was more diverse than that in non-CHP users, including conditions such as myalgia, dyspepsia, sleep disturbances, lumbago, the common cold, headache, and constipation. Conversely, in non-CHP users, coexisting diseases were predominantly related to musculoskeletal and joint pain.


TABLE 2 Co-existing diseases in patients with lactation insufficiency between Chinese herbal product (CHP) users and non-CHP users.
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3.3 Prescription patterns of single Chinese herbs and Chinese herbal formulas for lactation insufficiency

Tables 3, 4 present the top 10 most frequently prescribed single Chinese herbs and herbal formulas for lactation insufficiency, along with their average daily dose and traditional pharmacological actions. The three most frequently prescribed single Chinese herbs were Wang Bu Liu Xing (407 prescriptions), Lu Lu Tong (215 prescriptions), and Du Zhong (130 prescriptions). Jia Wei Xiao Yao San (prescribed 155 times), Ba Zhen Tang (prescribed 49 times), and Gui Pi Tang (prescribed 48 times) were the most commonly used Chinese herbal formulas.


TABLE 3 Top 10 most frequently prescribed single Chinese herbs for lactation insufficiency.
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TABLE 4 Top 10 most frequently prescribed Chinese herbal formulas for lactation insufficiency.
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3.4 Analysis of common CHP combinations and the correlation network for lactation insufficiency

Table 5 lists the top 10 most frequently prescribed dual combinations of CHP for lactation insufficiency. The most frequent dual combinations were Wang Bu Liu Xing plus Lu Lu Tong, Jia Wei Xiao Yao San plus Lu Lu Tong, and Du Zhong plus Lu Lu Tong.


TABLE 5 Top 10 most frequently prescribed dual combinations of Chinese herbal products (CHP) for lactation insufficiency.
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The correlation network graph, as illustrated in Figure 2, is a visual representation of the relationships between various Chinese herbs and herbal formulas used to treat lactation insufficiency. This network graph was constructed by analyzing the 66 most commonly prescribed CHP combinations (those prescribed more than 15 times) using RStudio. In the graph, each node represents an herb or herbal formula, and the edges (connecting lines) signify their co-prescription for treating lactation insufficiency. The thickness of each edge reflects the strength of the correlation or frequency of the co-prescription between two nodes, with thicker edges indicating a stronger correlation or higher frequency. In our study, the pairing of Wang Bu Liu Xing and Lu Lu Tong herbs, also known as WLHP, was identified as the most frequently occurring combination. This was determined by identifying the nodes with the most connections (indicating that they were commonly paired with other herbs or formulas) and the thickest edges (signifying a high frequency of co-prescription).


[image: image]

FIGURE 2
Correlation network diagram illustrating the interrelationship between different Chinese herbs and herbal formulas used for lactation insufficiency.


Notably, the prominence of the WLHP combination in this network indicates its critical role in treating lactation insufficiency according to the traditional Chinese medicinal approach. Continuing our focus on this intriguing result, we further explored the potential mechanisms underlying the efficacy of WLHP in addressing lactation insufficiency.



3.5 Identification of compounds and targets in WLHP

To gain a thorough understanding of the compounds and their associated targets in WLHP, we conducted a comprehensive search of the TCMSP database. This search revealed 42 compounds: 26 in Wang Bu Liu Xing and 16 in Lu Lu Tong. After removing compounds without known targets, we obtained 18 main compounds from Wang Bu Liu Xing and 11 from Lu Lu Tong. Using the TCMSP and UniProt databases, 215 unique targets associated with these compounds were retrieved for further analysis.



3.6 Identification of lactation-related targets and their correlation with WLHP

To explore the potential therapeutic effects of WLHP on lactation insufficiency, identifying overlapping targets between WLHP and lactation is essential. We performed a systematic search of the OMIM, DisGeNET, and GeneCards databases to identify lactation-related targets. After removing duplicates and invalid targets, 2,069 lactation-related targets remained. Intersection analysis revealed 101 overlapping targets between WLHP and lactation, indicating their potential as therapeutic targets for lactation insufficiency (Figure 3).
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FIGURE 3
Venn diagram illustrating the overlap of therapeutic targets between WLHP and lactation-related targets.




3.7 Construction of the “Chinese Herbs-Components-Targets” network

To explore the complex relationship between Chinese herbs, compounds, and common targets, we identified 101 WLHP-lactation overlapping targets regulated by 25 WLHP compounds. Among these, 89 targets were regulated by 14 compounds from Wang Bu Liu Xing, and 33 targets were regulated by 11 compounds from Lu Lu Tong, with 21 shared targets. We used Cytoscape software to construct the “Chinese Herbs-Components-Targets” network, visualizing the intricate interactions between WLHP and lactation. The network comprised 128 nodes and 201 edges, with red nodes representing Chinese herbs, yellow nodes representing components, and pink nodes representing targets (Figure 4). This network demonstrates the multi-compound, multi-target nature of WLHP, suggesting that its effect on lactation is a complex regulatory process. The top three components with the highest connectivity were quercetin (found in Wang Bu Liu Xing), oleic acid (found in Wang Bu Liu Xing), and ursolic acid (Lu Lu Lu Tong), with degree values of 62, 25, and 21, respectively. These components are considered crucial for the therapeutic effect of WLHP on lactation insufficiency.
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FIGURE 4
Comprehensive “Chinese herbs-components-targets” network depicting the complex interactions between WLHP and lactation.




3.8 Analysis of PPI networks for WLHP-lactation overlapping targets

To better understand the interactions between the 101 overlapping targets, we constructed a PPI network using the STRING database and Cytoscape software. The network contained 101 nodes (targets) and 658 edges (interactions), with larger and darker nodes representing stronger target interactions (Figures 5A, B). The network exhibited an average node degree of 13 and a PPI enrichment p-value < 1.0e-16, indicating a significantly higher number of interactions than that expected for a random set of proteins. The high number of interactions observed in the PPI network suggests that these targets may have a coordinated regulatory role in WLHP-lactation. This further supports the notion that WLHP affects lactation in a complex and interconnected manner.


[image: image]

FIGURE 5
Protein-protein interaction (PPI) network analysis of overlapping targets between WLHP and lactation (A) Visualization of the PPI network constructed using the STRING database. (B) PPI network analysis using Cytoscape software, illustrating the intricate interactions among overlapping targets. Nodes represent targets and edges represent interactions. Node size and color intensity indicate the strength of target interactions.




3.9 Identification of hub genes from PPI network analysis

To identify the key genes potentially involved in the therapeutic effects of WLHP on lactation insufficiency, we used the CytoHubba plugin in Cytoscape to analyze the PPI network. This revealed the top 20 target genes based on five forms of topological properties (Figures 6A–E). We then performed a Venn analysis across these five topology algorithms, which identified 13 potential hub genes (Figure 6F). These hub genes, including STAT3, TP53, AKT1, TNF, ACTB, INS, EGFR, IL6, VEGFA, ESR1, MYC, MAPK1, and PPARG, may play critical roles in the therapeutic effects of WLHP on lactation insufficiency owing to their high connectivity within the network and their involvement in crucial biological processes related to lactation.
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FIGURE 6
Hub gene analysis from the protein-protein interaction (PPI) network. (A) Top 20 hub genes identified based on the maximum neighborhood component (MNC). (B) Top 20 hub genes identified based on the edge percolated component (EPC). (C) Top 20 hub genes identified based on degree. (D) Top 20 hub genes identified based on betweenness. (E) Top 20 hub genes identified based on closeness. (F) Intersection of Top 20 hub genes from five different topological algorithms.




3.10 Functional enrichment of overlapping WLHP-lactation targets

To further investigate the mechanisms underlying the 101 overlapping targets between WLHP and lactation, we performed a comprehensive functional enrichment analysis, including GO functional annotation and KEGG pathway enrichment, using the Metascape platform. Terms with a p-value < 0.01, a minimum count of 3, and an enrichment factor > 1.5 were considered statistically significant. The top 10 GO terms provided a deeper understanding of the key BPs, CCs, and MFs associated with the potential effects of WLHP on lactation (Figures 7A, B). The key enriched BP terms related to lactation included response to hormones, gland development, cellular response to lipids, regulation of epithelial cell proliferation, response to growth factors, and response to nutrient levels. To better understand the relationships among the BP terms, we selected the 20 top representative terms and converted them into a network layout (Figure 7C). In this network, each node represents a BP term and its size corresponds to the number of genes belonging to that term. The node color indicates its cluster, meaning that nodes of the same color belong to the same cluster. Nodes are linked if they share a similarity score > 0.3, with the thickness of the link (edge) representing the magnitude of the score.
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FIGURE 7
Functional enrichment analysis of overlapping targets between WLHP and lactation. (A) Bar chart displaying the top 10 enriched biological process (BP), cellular component (CC), and molecular function (MF) terms. (B) Bubble diagram representing the top 10 enriched gene ontology (GO) terms based on -log10 (P-value). (C) Network diagram showcasing the interrelationships among the top 20 representative BP terms. node sizes, colors, and edge thicknesses indicate the number of input genes, cluster identity, and term similarity, respectively.


The top 10 KEGG pathways highlight the critical signaling pathways possibly involved in the mechanisms through which WLHP exerts its therapeutic influence on lactation regulation (Figure 8A). The relationship between the overlapping targets of WLHP-lactation and the top 10 KEGG pathways is illustrated in Figure 8B using a chord diagram. In this diagram, overlapping targets are displayed on the left side, whereas the top 10 KEGG pathways are positioned on the right side. Colored chords connect each target with its respective pathway, effectively representing the complex interconnections and potential regulatory roles of these targets in the therapeutic effects of WLHP on lactation insufficiency. Among the top 10 most enriched signaling pathways, we further combined a comprehensive literature search to identify four key pathways, including the PI3K-Akt signaling pathway, prolactin signaling pathway, estrogen signaling pathway, and AMPK signaling pathway. To better understand the interactions and relationships between the overlapping targets of WLHP-lactation and their corresponding KEGG pathways, we generated diagrams for each of the four KEGG pathways. These visualizations effectively illustrate the distribution and involvement of these overlapping targets within the key signaling pathways, providing valuable insights into the potential therapeutic mechanisms of WLHP in lactation insufficiency (Figures 9A–D). The identified hub genes serve as key elements in regulating the WLHP-lactation relationship. Lactation regulation involves several crucial pathways, including the PI3K-Akt, prolactin, estrogen, and AMPK signaling pathways. To illustrate the connections between the hub genes and these four pathways, we used a chord diagram, which effectively represented the interplay between these essential components in the context of the potential therapeutic effects of WLHP on lactation insufficiency (Figure 8C). In summary, our findings elucidate the complex relationships among herbs, key potent compounds, regulated hub genes, and lactation-related pathways involved in WLHP for lactation insufficiency. For a more detailed overview of these relationships, Table 6 presents a comprehensive summary of these key elements.
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FIGURE 8
Comprehensive Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of overlapping targets in WLHP-lactation. (A) Bar chart of the top 10 KEGG pathways enriched in WLHP-lactation overlapping targets. (B) Chord diagram depicting the interrelationships between overlapping targets and the top 10 KEGG pathways. (C) Specific interplay between hub genes and the four key pathways (PI3K-Akt signaling pathway, Prolactin signaling pathway, Estrogen signaling pathway, and AMPK signaling pathway) represented as a chord diagram.



[image: image]

FIGURE 9
Detailed visualization of overlapping targets within major Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways involved in WLHP’s potential therapeutic mechanisms for lactation insufficiency. (A) PI3K-Akt signaling pathway. (B) Prolactin signaling pathway. (C) Estrogen signaling pathway. (D) AMPK signaling pathway. Each subfigure represents the respective pathway, with overlapping targets highlighted to illustrate their distribution and involvement in these signaling pathways.



TABLE 6 Summary of herbs, key potent compounds, regulated hub genes, and involved lactation-related pathways in WLHP for lactation insufficiency.
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4 Discussion

This study comprehensively analyzed the use of CHP among patients with lactation insufficiency and examined the underlying molecular mechanisms through which CHP, particularly the WLHP combination, might exert therapeutic effects. Detailed evaluation of CHP prescription patterns, demographic characteristics, co-existing diseases, potential compounds, and targets provided insights crucial to our understanding regarding the role of CHP in managing lactation insufficiency.

In this study, we included 490 patients with lactation insufficiency. However, this number may not reflect the full scale of the issue. There could be many individuals dealing with lactation insufficiency who opt for self-treatment strategies, such as home remedies, dietary adjustments, or over-the-counter CHP without professional medical consultation. These cases remain largely unreported, contributing to underestimation of the true prevalence of lactation insufficiency. Among these, our results underscore a profound inclination toward the use of CHP among patients diagnosed with lactation insufficiency in Taiwan, with a striking majority of > 80% seeking CHP treatment. This prominent preference emphasizes a deep-rooted faith in the effectiveness of CHP for managing lactation insufficiency, thus elucidating its cultural and therapeutic significance in this population. This finding aligns with the cultural and historical prevalence of TCM in the country, where it has been deeply ingrained in healthcare practices for centuries. This usage pattern also supports the findings of previous studies noting the widespread use of CHP for various conditions within the Taiwanese population (27, 28). Our research demonstrates that most patients with lactation insufficiency have utilized the widely prescribed pharmacological galactagogues, including metoclopramide and domperidone. Domperidone was the most commonly prescribed medication among both CHP and non-CHP users. Based on these findings, the observed predilection toward CHP use could indicate possible dissatisfaction or a lack of complete resolution of lactation issues using conventional medical treatments. This hypothesis is congruent with studies underscoring that patients often gravitate toward TCM and other complementary therapies when conventional medicine fails to satisfactorily address their health concerns (29, 30). Consequently, despite the widespread use of standard pharmacological galactagogues, a substantial inclination for alternative or supplementary solutions, such as CHP, is seen among the patient population dealing with lactation insufficiency in Taiwan.

Despite the broad coverage of Taiwan’s health insurance, over-the-counter CHP is not recorded in the healthcare database. Interestingly, a study conducted on 127 postpartum women revealed that 21.3% (n = 27) sought herbal remedies from clinics, while a striking 63.0% (n = 80) opted for pharmacies as their primary source of herbal treatments (31). These data suggest that, beyond formal healthcare facilities, pharmacies play a pivotal role in providing access to CHP for lactation insufficiency. A thorough investigation into the use of medicinal materials for inducing lactation in TCM revealed a collection of 81 different substances from 87 TCM pharmacies across Taiwan. Among these, 19 materials were frequently cited, and Dang Gui emerged as the primary core medicinal material (22). Although this study holds considerable value, the large proportion of individuals purchasing medication from pharmacies highlights a discrepancy in the prescription patterns observed in our study. This considerable reliance on CHP raises significant questions regarding safety and quality control, particularly when self-administered without professional guidance. We argue that the prescription models provided by well-trained Taiwanese TCM practitioners are invaluable as references. These practitioners, grounded in the unique healthcare context of Taiwan, seamlessly combine traditional theories with modern knowledge in physiology and pharmacology to provide comprehensive and personalized healthcare services to their patients. Therefore, utilization of the NHIRD for this study has substantial significance. The NHIRD captures a detailed record of prescriptions issued by professionally trained TCM doctors, offering an accurate reflection of TCM utilization in Taiwan’s healthcare landscape. In Taiwan’s health insurance system, TCM doctors primarily prescribe concentrated herbal extract granules, which offer several benefits. The use of concentrated herbal extracts ensures consistent potency and quality of herbs as well as simplifies the preparation and administration process for patients. This approach is more convenient and time-saving than traditional decoctions, making it an attractive option for modern lifestyles. Furthermore, the unique prescription mode of concentrated herbal extracts allows the flexible use of both Chinese herbal formulas and single Chinese herbs. TCM doctors can create customized treatment plans based on individual patient needs, symptoms, and constitutions by combining or adjusting the dosages of various concentrated herbal extracts.

Breastfeeding, while providing numerous benefits to both the mother and infant, can be physically challenging owing to the need for prolonged and sometimes awkward postures, potentially leading to musculoskeletal discomfort, such as joint pain (32, 33). As highlighted in our study, we found that many women with lactation insufficiency, particularly those not using CHP, reported musculoskeletal and joint pain as their primary coexisting condition. Further, the diverse range of common symptoms reported by breastfeeding mothers such as headache, dyspepsia, insomnia, and other discomforts (34–36), further underscores the comprehensive approach adopted by TCM doctors. Rather than simply treating lactation insufficiency, they address multiple concurrent health issues that can significantly affect the overall wellbeing of nursing mothers. The multifaceted approach of TCM, focusing on the whole person, provides considerable benefits for breastfeeding mothers, who often face various physical discomforts during the postpartum period. This highlights the unique role that TCM can play in providing holistic care and support to postpartum women.

Chinese herbal formulas, composed of multiple medicinal substances, can consider multiple disease factors or the diverse range of symptoms accompanying the disease. In the context of lactation insufficiency, our results indicate that Jia Wei Xiao Yao San, Ba Zhen Tang, and Gui Pi Tang are the most commonly used formulas. Lactation is a complex physiological process governed by a delicate interplay between hormones and environmental factors. While hormones such as prolactin and oxytocin are essential for milk production and ejection, factors such as stress, fatigue, and mental wellbeing also influence this process significantly (37, 38). The physical and emotional changes a woman undergoes during the postpartum phase can further compound these challenges, potentially leading to lactation insufficiency. Jia Wei Xiao Yao San, recognized for its calming effects, may alleviate stress (39), a potential contributor to lactation insufficiency. Traditionally, it is believed to harmonize the body systems, an approach that may prove beneficial during periods of hormonal fluctuations, such as the pregnant and postpartum phases (40, 41). Ba Zhen Tang, known for its tonifying properties, is considered helpful in restoring energy and managing fatigue (42). Frequently used to enhance general wellbeing and post-labor recovery, it indirectly supports breastfeeding by boosting maternal physical health. Gui Pi Tang, traditionally employed in TCM to bolster the spleen and nourish the heart, may help address sleep disturbances and mental distress (43, 44), which could potentially affect lactation.

Among the various single Chinese herbs used in TCM, Wang Bu Liu Xing and Lu Lu Tong have emerged as the most frequently prescribed for lactation insufficiency. These herbs have been commonly prescribed to support lactation in TCM. Wang Bu Liu Xing is traditionally used for promoting lactation and treating breast abscess (45), while Lu Lu Tong has been linked with improving circulation and reducing swelling (46). Our study further revealed that among dual combinations of CHP, the pairing of Wang Bu Liu Xing and Lu Lu Tong was the most common. The correlation network graph, which further represented the relationships between various single Chinese herbs and Chinese herbal formulas used for treating lactation insufficiency, placed the WLHP combination at its core. Herb pairs are crucial in TCM because they work synergistically to enhance treatment efficacy, minimize side effects, and harmonize the actions of each herb (47, 48). The prominence of this particular herb pair, referred to as WLHP in this study, underscores its importance in treating lactation insufficiency.

We identified key potent compounds in Wang Bu Liu Xing and Lu Lu Tong, including quercetin, oleic acid, and ursolic acid, which were connected to multiple overlapping WLHP-lactation targets. A study has suggested that quercetin, a natural phytoestrogen, can enhance lactation and mammary gland development in mice with agalactosis, likely by stimulating prolactin production and release, promoting mammary epithelial cell proliferation, and increasing the expression of key proteins involved in milk production (49). Oleic acid, a monounsaturated fatty acid, suppresses overexpression of the Her-2/neu oncogene, which is associated with breast cancer progression, and enhances the efficacy of anti-Her-2/neu immunotherapy, contributing to apoptotic cell death in breast cancer cells (50). A previous study found that ursolic acid exerts anti-cancer effects on breast cancer cells by inducing autophagy and apoptosis, suppressing cell invasiveness, and inhibiting inflammation via the PI3K/AKT, GSK, caspase-3, and NF-κB signaling pathways (51). Considering the impact of oleic acid and ursolic acid on breast tissue, further research should investigate their potential application in promoting lactation, as breast health is central to successful breastfeeding. Interestingly, a study conducted on Lu Lu Tong isolates identified 13 triterpenoids with potential anti-breast cancer effects, via inhibition of multiple protein targets such as ErbB4 and EGFR. However, researchers have questioned its traditional use for lactation enhancement owing to its known inhibitory effect on ErbB4, which can theoretically suppress lactation (52). Contrary to this conclusion, our research found significant usage of Lu Lu Tong in Taiwanese TCM for managing lactation insufficiency, indicating its perceived effectiveness in promoting lactation. It is crucial to understand that TCM relies on a complex interplay of multiple compounds, working synergistically, which might not be reflected in isolated compound studies. The overall effect of a medicinal plant cannot be reduced to the action of a single component. The application and dosage of TCM are based on a holistic understanding of the patient condition, which might modulate the effects of individual components. Consequently, caution should be exercised before discarding the established therapeutic uses of such traditional remedies based on studies of isolated compounds.

PPI network and topology analysis led us to identify 13 potential hub genes associated with lactation: STAT3, TP53, AKT1, TNF, ACTB, INS, EGFR, IL6, VEGFA, ESR1, MYC, MAPK1, and PPARG. For instance, a study demonstrated that the levels of epidermal growth factor (EGF) and transforming growth factor-α (TGF-α), which are important growth-promoting factors in breast milk, change across lactation stages and are influenced by geographical location and maternal diet (53). Another study reported that during the first 12 weeks of lactation, the concentrations of proinflammatory cytokines IL-1β, IL-6, TNF-α, and anti-inflammatory cytokines TGF-β1, TGF-β2 in human milk vary along with prostaglandin E2. Proinflammatory cytokines were present only in a subset of samples, whereas anti-inflammatory cytokines were consistently found in substantial quantities. These findings suggest a significant role for these immunomodulatory agents in infant health during early breastfeeding (54). Furthermore, the essential amino acid l-Lysine (l-Lys) was found to enhance milk protein synthesis in dairy cow mammary epithelial cells. This was achieved by upregulating proteins, including MAPK1, which stimulates milk protein production through the Stat5 and mTOR pathways, signifying a critical role for MAPK1 in regulating milk protein synthesis (55).

The PI3K-Akt, prolactin, estrogen, and AMPK signaling pathways have been identified as integral to the therapeutic mechanisms of WLHP in addressing lactation insufficiency. One study specifically examined the effect of lauric acid (LA) on pubertal mammary gland development in mice. The results demonstrated that LA enhances the proliferation of mammary epithelial cells and mammary duct development. Additionally, it was shown to upregulate the expression of proliferative markers and G protein-coupled receptor 84 (GPR84). Notably, these outcomes were mediated by activation of the PI3K/Akt signaling pathway (56). Prolactin, an anterior pituitary-secreted hormone, is essential for establishing and maintaining lactation, regulating milk macronutrient contents, and stimulating milk production. During pregnancy, prolactin levels rise dramatically and initiate extensive milk secretion upon the postpartum clearance of progesterone and estrogen. Its vital functions include promoting and stabilizing casein mRNA transcription, potentially enhancing alpha-lactalbumin synthesis, increasing mammary gland lipoprotein lipase activity, and sustaining milk production through the release induced by nursing (57). This study explored changes in the mRNA expression of estrogen receptor subtypes (ERα, ERβ, and TERP-1) within the rat pituitary gland across the gestation, lactation, and post-lactation periods. ERα mRNA was found to peak mid-pregnancy while maintaining constant protein levels, while ERβ levels remained stable, and TERP-1 levels increased significantly in late gestation, suggesting the potential critical role of TERP-1 in reproductive events (58). This study investigated the potential epigenetic mechanisms related to breast cancer onset through reproductive risk factors by examining methylation alterations at the CpG island promoter of the estrogen receptor β (ER-β) gene in healthy women. The results indicated a higher level of ER-β exon 0 N methylation in nulliparous and non-breastfeeding women, suggesting that changes in methylation may be linked with reproductive history. However, no significant relationship was observed between methylation at promoter 0 N and reproductive history (59). Another study revealed the significant role of AMP-activated protein kinase (AMPK) in the synthesis of milk fat and protein, particularly under energy-deficient conditions. AMPK was found to regulate milk protein synthesis primarily through the prolactin signaling pathway, leading to degradation of the prolactin receptor (PrlR). Moreover, it was shown to influence milk fat synthesis by inhibiting de novo fatty acid synthesis and promoting fatty acid oxidation. These results suggest that regulation of milk synthesis by AMPK is not solely dependent on mTORC1 signaling, but also involves modulation of PrlR degradation and PGC-1α acetylation (60).

Our study, while comprehensive, has several limitations. First, the database used to identify patients with lactation insufficiency relied solely on physician-recorded diagnoses. This methodology could potentially introduce selection bias and limit the generalizability of our findings, as the sample might not reflect all mothers with lactation insufficiency, particularly those who have not sought medical help. Second, the study utilized cross-sectional data, precluding the determination of cause-effect relationships between CHP usage and lactation insufficiency. Third, our results were derived from a Taiwanese database, potentially limiting their generalizability to other ethnic or geographic populations. Future studies should address these limitations and validate our findings using prospective designs and more diverse populations. Furthermore, while the TCMSP database is a comprehensive resource, it may not encompass all potential compounds and targets found in the herbs under study. Additionally, in silico bioinformatics analyses rely on databases that may inherently contain biases shaped by their included literature. Finally, our research employed bioinformatics analysis, a potent method yet one that may yield primarily associative results. Therefore, future experimental validation of our bioinformatics findings is essential to substantiate the mechanisms and therapeutic effects of WLHP in addressing lactation insufficiency. Despite these limitations, our study provides a crucial step forward in understanding the potential therapeutic effects of CHP on lactation insufficiency and paves the way for future research.



5 Conclusion

In conclusion, our study provides substantial insights into the prevalence of CHP use to address lactation insufficiency. Through an in-depth examination of prescription patterns, we discovered that the combination of Wang Bu Liu Xing and Lu Lu Tong, known as WLHP, is often used as a treatment strategy. The biological relevance of WLHP was further corroborated by our bioinformatics analyses, which uncovered an intricate interplay between various compounds, targets, and key signaling pathways. This finding resonates with the core philosophy of Chinese Medicine that advocates a holistic, multi-compound, and multi-target treatment approach. Our study successfully merges traditional medicinal wisdom with contemporary scientific methodologies, thus fostering a greater understanding of the potential role of CHP and setting the stage for further investigations into innovative treatment modalities for lactation insufficiency.
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5 847.2 (Sprains and strains of lumbar) 460 [Acute nasopharyngitis (common 91
cold)]

6 922.3 (Contusion of back) 784.0 (Headache) 76

7 924.1 (Contusion of lower leg) 564.0 (Constipation) 72

8 $602 (Contusion) 786.2 (Cough) 60
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Chinese herbs

Botanical
name

English name

Traditional
pharmacological
action

Frequency

Average
daily
dose (9)

Average
duration of
prescription
(CEVAINI

‘Wang Bu Liu Xing Vaccaria segetalis Cowherb Seed Invigorates blood, 407 1.6 7.2
(Neck.) Garcke reduces swelling,
promotes lactation, and
clears blood stasis
LuLu Tong Liquidambar Beautiful Sweetgum Fruit | Promotes blood 215 12 7.0
formosana Hance circulation, unblocks
channels, relieves pain,
and alleviates joint
stiffness
Du Zhong Eucommia ulmoides Eucommia Bark Tonifies the liver and 130 1.1 7.6
Oliv. kidney, strengthens
bones and sinews, and
lowers blood pressure
Huang Qi Astragalus Astragalus Root Tonifies Qi, augments 124 4.0 7.2
membranaceus the spleen, raises Yang
(Fisch.) Bunge Qi, and enhances
immune function
Tong Cao Tetrapanax papyrifer Rice Paper Plant Pith Promotes urination, 123 13 7.0
(Hook.) K.Koch clears heat, and expels
phlegm
Si Gua Luo Luffa cylindrica (L.) Loofah, Towel Gourd Expels wind, clears heat, 82 1.1 7.3
Roem. Vegetable Sponge promotes diuresis, and
unblocks channels
Dang Gui Angelica sinensis Chinese Angelica Root Tonifies blood, regulates 67 39 7.2
(Oliv.) Diels menstruation, alleviates
pain, and moistens the
intestines
Pu Gong Ying Taraxacum Mongolian Dandelion Clears heat, eliminates 66 1.3 6.8
mongolicum Herb toxins, reduces swelling,
Hand.-Mazz. and promotes lactation
Tu Si Zi Cuscuta chinensis Chinese Dodder Seed Tonifies the kidney, 65 1.1 74
Lam. nourishes the liver,
improves vision, and
enhances fertility
Qing Pi Citrus reticulata Green Tangerine Peel Regulates Qi, soothes the 60 0.9 6.9
Blanco liver, breaks Qi

stagnation, and relieves

pain
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Jia Wei Xiao Yao Chai Hu (Bupleurum chinense DC.), Dang Gui [Angelica Alleviates stress, soothes 155 4.4 7.0
San sinensis (Oliv.) Diels], Bai Shao (Paeonia lactiflora Pall.), liver Qi, and addresses
Bai Zhu (Atractylodes macrocephala Koidz.), Fu Ling conditions like
[Wolfiporia extensa (Peck) Ginns], Mu Dan Pi (Paeonia depression, irritability,
suffruticosa Andr.), Zhi Zi (Gardenia jasminoides ].Ellis), and menstrual
Gan Cao (Glycyrrhiza uralensis Fisch.), Bo He (Mentha irregularities.
haplocalyx Briq.), Sheng Jiang (Zingiber officinale Roscoe)
Ba Zhen Tang Ren Shen (Panax ginseng C.A.Mey.), Bai Zhu (Atractylodes Strengthens Qi and 49 6.3 7.2
macrocephala Koidz.), Fu Ling [ Wolfiporia extensa (Peck) nourishes blood,
Ginns], Zhi Gan Cao (Glycyrrhiza uralensis Fisch), Shu Di alleviates fatigue,
Huang [Rehmannia glutinosa (Gaertn.) DC. Praeparata], weakness, and pale
Bai Shao (Paeonia lactiflora Pall.), Dang Gui [Angelica complexion
sinensis (Oliv.) Diels], Chuan Xiong (Ligusticum
chuanxiong Hort)
Gui Pi Tang Ren Shen (Panax ginseng C.A.Mey.), Huang Qi [Astragalus Tonifies spleen Qi, 48 3.3 6.6
membranaceus (Fisch.) Bunge], Bai Zhu (Atractylodes nourishes heart blood,
macrocephala Koidz.), Fu Ling (Wolfiporia extensa (Peck) and treats insomnia,
Ginns), Suan Zao Ren (Ziziphus jujuba var. spinosa anxiety, and poor
(Bunge) Hu ex H.F.Chou), Long Yan Rou (Dimocarpus memory
longan Lour.), Mu Xiang [Saussurea costus (Falc.) Lipsch.],
Dang Gui [Angelica sinensis (Oliv.) Diels], Yuan Zhi
(Polygala tenuifolia Willd.), Zhi Gan Cao (Glycyrrhiza
uralensis Fisch.)
Si Wu Tang Shu Di Huang (Rehmannia glutinosa (Gaertn.) DC. Nourishes and tonifies 47 4.3 9.1
praeparata), Bai Shao (Paeonia lactiflora Pall.), Dang Gui blood, regulates
[Angelica sinensis (Oliv.) Diels], Chuan Xiong (Ligusticum menstruation, and
chuanxiong Hort). relieves pain
Sheng Yu Tang Shu Di Huang (Rehmannia glutinosa (Gaertn.) DC. Promotes tissue 44 4.0 6.6
praeparata), Dang Gui (Angelica sinensis (Oliv.) Diels), regeneration, accelerates
Chuan Xiong (Ligusticum chuanxiong Hort), Bai Shao wound healing, and
(Paeonia lactiflora Pall.), Ren Shen (Panax ginseng addresses post-surgical
C.A.Mey.), Huang Qi (Astragalus membranaceus (Fisch.) recovery and trauma
Bunge).
Chai Hu Shu Chai Hu (Bupleurum chinense DC.), Xiang Fu (Cyperus Regulates liver Qi, 35 2.9 6.8
Gan Tang rotundus L.), Bai Shao (Paeonia lactiflora Pall.), Zhi Ke alleviates pain, and
(Citrus aurantium L.), Chuan Xiong (Ligusticum addresses conditions like
chuanxiong Hort), Gan Cao (Glycyrrhiza uralensis Fisch.), depression, irritability,
Chen Pi (Citrus reticulata Blanco) and abdominal pain
Ma Zi Ren Wan Ma Zi Ren (Cannabis sativa L.), Bai Shao (Paeonia lactiflora Moistens the intestines, 33 2.3 7.2
Pall.), Hou Po (Magnolia officinalis Rehder & E.H.Wilson), unblocks the bowels,
Xing Ren (Prunus armeniaca L.), Da Huang (Rheum drains heat, and regulates
palmatum L.), Zhi Shi (Citrus aurantium L.) the qi to alleviate
constipation and pain
Gui Zhi Fu Ling Gui Zhi (Cinnamomum cassia Presl), Fu Ling [ Wolfiporia Invigorates blood, dispels | 32 3.2 6.3
Wan extensa (Peck) Ginns], Chi Shao (Paeonia lactiflora Pall.), blood stasis, reduces
Mu Dan Pi (Paeonia suffruticosa Andr.), Tao Ren [Prunus masses, alleviates pain,
persica (L.) Batsch] and warms the meridians
Du Huo Ji Sheng | Du Huo (Angelica pubescens Maxim.), Sang Ji Sheng Expels wind-dampness, 32 23 6.6
Tang [Taxillus chinensis (DC.) Danser], Qin Jiao (Gentiana tonifies the liver and
macrophylla Pall.), Fang Feng [Saposhnikovia divaricata kidneys, strengthens the
(Turcz.) Schischk.], Dang Gui [Angelica sinensis (Oliv.) sinews and bones, and
Diels], Ren Shen (Panax ginseng C.A.Mey.), Fu Ling alleviates pain
[Wolfiporia extensa (Peck) Ginns], Du Zhong (Eucommia
ulmoides Oliv.), Niu Xi (Achyranthes bidentata Blume),
Chuan Xiong (Ligusticum chuanxiong Hort), Gan Cao
(Glycyrrhiza uralensis Fisch.), Rou Gui (Cinnamomum
cassia Presl), Bai Shao (Paeonia lactiflora Pall.), Sheng Di
Huang [Rehmannia glutinosa (Gaertn.) DC.]
Ren Shen Yang Ren Shen (Panax ginseng C.A.Mey.), Fu Ling [ Wolfiporia Tonifies Qi, nourishes 30 5.0 6.7
Rong Tang extensa (Peck) Ginns], Bai Zhu (Atractylodes macrocephala blood, and treats

Koidz.), Bai Shao (Paeonia lactiflora Pall.), Yuan Zhi
(Polygala tenuifolia Willd.), Wu Wei Zi [Schisandra
chinensis (Turcz.) Baill.], Dang Gui [Angelica sinensis
(Oliv.) Diels], Huang Qi [Astragalus membranaceus (Fisch.)
Bunge], Shu Di Huang [Rehmannia glutinosa (Gaertn.) DC.
praeparata], Zhi Gan Cao (Glycyrrhiza uralensis Fisch.),
Rou Gui (Cinnamomum cassia Presl), Chen Pi (Citrus
reticulata Blanco), Sheng Jiang (Zingiber officinale Roscoe),
Da Zao (Ziziphus jujuba Mill.).

conditions like chronic
fatigue, dizziness, and
palpitations
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CHP name 1 CHP name Number of

2 prescrip-
tions
1 ‘Wang Bu Liu Xing Lu Lu Tong 76
2 Jia Wei Xiao Yao San Lu Lu Tong 68
3 Du Zhong Lu Lu Tong 60
4 Qing Pi Lu Lu Tong 48
5 Jia Wei Xiao Yao San Du Zhong 47
6 Jia Wei Xiao Yao San Qing Pi 46
7 ‘Wang Bu Liu Xing Tong Cao 42
Jia Wei Xiao Yao San TuSiZi 42
Du Zhong Qing Pi 42
10 TuSiZi Lu Lu Tong 41
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Variable Chinese herbal product

No (n = 93) Yes (n = 397)
% %

Age 0.0821
18-30 33 355 96 242

31-40 57 61.3 284 71.5

41-50 3 3.2 17 43

Mean (SD) 31.53 (4.79) 33.06 (4.05) 0.0051
Income amount (NT$/month)* 0.7098
<20,000 54 58.0 244 61.4

20,000-39,999 30 323 111 28.0

> =40,000 9 9.7 42 10.6

Urbanization* 0.1282
1 (highest) 46 49.5 237 59.7

2 40 43.0 127 32.0

3 (lowest) 7 7.5 33 8.3

Pharmacological galactagogue

Metoclopramide 63 67.7 280 70.5 0.5976
Domperidone 64 68.8 331 834 0.0014
Sulpiride 10 10.8 51 12.8 0.5820

T New Taiwan Dollar (NTD), 1 NTD is equal to 0.03 USD. ¥ Urbanization level was divided by the population density of the residential area into three levels, where level 1 was the most urbanized
and level 3 was the least urbanized.
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