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Purpose: This study aimed to assess the efficacy and safety of Panax notoginseng saponin (PNS) injection, when combined with conventional treatment (CT), for acute myocardial infarction (AMI).
Methods: Comprehensive searches were conducted in seven databases from inception until 28 September 2023. The search aimed to identify relevant randomized controlled trials (RCTs) focusing on PNS injection in the context of AMI. This meta-analysis adhered to the PRISMA 2020 guidelines, and its protocol was registered with PROSPERO (number: CRD42023480131).
Result: Twenty RCTs involving 1,881 patients were included. The meta-analysis revealed that PNS injection, used adjunctively with CT, significantly improved treatment outcomes compared to CT alone, as evidenced by the following points: (1) enhanced total effective rate [OR = 3.09, p < 0.05]; (2) decreased incidence of major adverse cardiac events [OR = 0.32, p < 0.05]; (3) reduction in myocardial infarct size [MD = −6.53, p < 0.05]; (4) lower ST segment elevation amplitude [MD = −0.48, p < 0.05]; (5) mitigated myocardial injury as indicated by decreased levels of creatine kinase isoenzymes [MD = −11.19, p < 0.05], cardiac troponin T [MD = −3.01, p < 0.05], and cardiac troponin I [MD = −10.72, p < 0.05]; (6) enhanced cardiac function, reflected in improved brain natriuretic peptide [MD = −91.57, p < 0.05], left ventricular ejection fraction [MD = 5.91, p < 0.05], left ventricular end-diastolic dimension [MD = −3.08, p < 0.05], and cardiac output [MD = 0.53, p < 0.05]; (7) reduced inflammatory response, as shown by lower levels of C-reactive protein [MD = −2.99, p < 0.05], tumor necrosis factor-α [MD = −6.47, p < 0.05], interleukin-6 [MD = −24.46, p < 0.05], and pentraxin-3 [MD = −2.26, p < 0.05]; (8) improved vascular endothelial function, demonstrated by decreased endothelin-1 [MD = −20.56, p < 0.05] and increased nitric oxide [MD = 1.33, p < 0.05]; (9) alleviated oxidative stress, evidenced by increased superoxide dismutase levels [MD = 25.84, p < 0.05]; (10) no significant difference in adverse events [OR = 1.00, p = 1.00].
Conclusion: This study highlighted the efficacy and safety of adjunctive PNS injections in enhancing AMI patient outcomes beyond CT alone. Future RCTs need to solidify these findings through rigorous methods.
Systematic Review Registration: (https://www.crd.york.ac.uk/PROSPERO/), identifier (CRD42023480131)
Keywords: Panax notoginseng saponins, acute myocardial infarction, meta-analysis, systematic review, randomized controlled trials

1 INTRODUCTION
Acute myocardial infarction (AMI) represents irreversible myocardial damage, typically precipitated by the rupture of coronary artery plaque (Byrne et al., 2023). Annually, it is responsible for over 2.4 million fatalities in the United States, 4 million in Europe and northern Asia, and affects more than 7 million individuals worldwide (Yeh et al., 2010; Nichols et al., 2014). As a significant contributor to global disability and mortality, AMI poses a critical challenge in contemporary medicine (Reed et al., 2017). Treatment strategies for AMI prioritize the restoration of coronary flow to enable myocardial tissue reperfusion, primarily through percutaneous coronary intervention (PCI) and pharmacological thrombolysis. This approach is complemented by the administration of several medications. These include antiplatelet agents, antianginal agents, anticoagulants, and vasodilators. Vasodilators are also used to enhance cardiomyocyte nutrition. Additionally, beta-blockers and calcium antagonists are administered to reduce myocardial oxygen consumption (Montecucco et al., 2016; Reed et al., 2017; Sanchis et al., 2023). Although reperfusion alleviates ischemic myocardial injury, it can also cause specific, irreversible damage to cardiomyocytes (Gong et al., 2021; Murphy and Goldberg, 2022). Furthermore, existing treatments fall short in restoring the cardiac structure and function during prolonged AMI therapy, resulting in persistently high morbidity and mortality rates despite conventional drug therapy (Heusch and Gersh, 2017).
Panax notoginseng (PN), known as the root of Panax notoginseng (Burk.) F. H. Chen, is a botanical drug with an extensive history of medicinal use in traditional Chinese medicine (TCM) in China (Wang et al., 2016). Over centuries, PN has demonstrated significant efficacy in managing internal and external bleeding and ameliorating blood stasis, leading to its widespread use in clinical practice for the treatment of cardiovascular diseases (CVDs) (Liu et al., 2020). Panax notoginseng saponins (PNS), the freeze-dried extract of PN, comprises metabolites such as notoginsenoside R1 and ginsenosides Rb1, Rg1, Rd, and Re, as identified by high-performance liquid chromatography fingerprint analysis (Peng et al., 2018) (Figure 1) (Sun et al., 2020a). PNS formulations, including Xuesaitong, Xueshuantong , and Lulutong injections, have been clinically validated through trials and fundamental studies. These investigations substantiate PNS’s efficacy in reducing cardiac damage, mitigating inflammation, and inhibiting platelet aggregation (Zhou et al., 2018a; Wang et al., 2021a; Li et al., 2022; Wang et al., 2022; Zeng et al., 2023).
[image: Chemical structures of two steroid molecules labeled A and B. Both structures depict multi-ring systems with hydroxyl (OH) groups and hydrocarbon side chains. The structures include R groups denoted as R₁, R₂, indicating variable attachments.]FIGURE 1 | Chemical structures of the main saponins in PNS. (A) 20(S)-protopanaxatriol saponins, including notoginsenoside R1, ginsenoside Rg1, and Re, and (B) 20(S)- protopanaxadiol saponins, including ginsenoside Rb1 and Rd.
In recent years, there have been an increasing amount of randomized controlled trials (RCTs) using PNS injection to treat AMI. However, no comprehensive literature review or meta-analysis has assessed the efficacy and safety of these interventions. Consequently, this study aims to elucidate the cardioprotective effects of PNS injection in AMI patients.
2 METHODS
2.1 Search strategy
Comprehensive searches were conducted in PubMed, EMBASE, Web of Science, Cochrane Library, Chinese National Knowledge Infrastructure, Wanfang, and VIP databases from inception until 28 September 2023. The search expression used in MEDLINE was (“acute myocardial infarction” OR “AMI” OR “st elevated myocardial infarction” OR “STEMI”) AND (“panax notoginseng saponins” OR “PNS” OR “sanqi” OR “sanchi” OR “xuesaitong” OR “xueshuantong”) AND (“randomized controlled trial” OR “RCT”). The detailed search strategies for all databases are presented in Supplementary Table S1. Titles, abstracts, and full texts were independently reviewed and cross-checked by two investigators (Pengfei Chen and Deng Pan), and any disagreement was decided by the senior reviewer (Dazhuo Shi).
2.2 Inclusion criteria
2.2.1 Type of study
The study type was RCT, with no restrictions on languages, publication date, or publication status.
2.2.2 Research object
All patients meeting any one of the current or previous diagnostic criteria for AMI were included. According to the Fourth Universal Definition of Myocardial Infarction (2018) standard (Thygesen et al., 2019), AMI is defined as acute myocardial injury [increased and/or decreased serum cardiac troponin (cTn), with at least once higher than the upper limit of the normal value (99 percentile of the upper limit of the reference value)], and there is at least one evidence of myocardial ischemia: (1) myocardial ischemic symptoms; (2) new ST-T changes or a new left bundle branch block (LBBB) observed in electrocardiogram (ECG); (3) a pathological Q-wave appeared in ECG; (4) imaging showed new loss of viable myocardium or new regional wall motion abnormalities; and (5) coronary angiography or autopsy confirmed thrombus in the coronary artery.
2.2.3 Intervention
The control group (CG) received conventional treatment (CT), which was the first-line therapy regimens recommended in the current guideline. The experimental group (EG) received PNS injection plus CT, and the courses and dosages of PNS injection were not limited.
2.2.4 Outcome indicators
The primary efficacy outcomes were total effective rates and major adverse cardiac events (MACEs). The secondary efficacy outcomes were (1) myocardial infarct size (MIS); (2) ST segment elevation amplitude; (3) myocardial injury markers: creatine kinase isoenzymes (CK-MB), cardiac troponin I (cTnI), and cardiac troponin T (cTnT); (4) cardiac function index: brain natriuretic peptide (BNP), left ventricular ejection fraction (LVEF), left ventricular end-diastolic dimension (LVEDD), and cardiac output (CO); (5) inflammatory response markers: C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and pentraxin-3 (PTX-3); (6) vascular endothelial function: endothelin-1 (ET-1) and nitric oxide (NO); and (7) oxidative stress: superoxide dismutase (SOD). The safety outcome was adverse events.
2.3 Exclusion criteria
The exclusion criteria are as follows: (1) the intervention included other TCM (oral PNS, other Chinese medicine injections, and oral Chinese patent medicines) other than PNS injection; (2) research data had obvious deficiencies or serious errors; (3) patients with severe comorbidities such as severe heart failure, severe arrhythmia, and severe liver and renal dysfunction; and (4) duplicate publication.
2.4 Data extraction
The document information extraction table was established by Excel software, including basic characteristics of trials (first author, publication year, journal, and country), characteristics of patients (sample size, gender, age, and medical history), PNS injection and CT treatments (initial time, dosage, frequency, duration, and mean follow-up time), and outcome indicators.
2.5 Bias assessment
Two investigators (Pengfei Chen and Deng Pan) independently evaluated the quality assessment and risk of bias using the Cochrane Risk of Bias Tool 2.0, according to the following six aspects: (1) random sequence generation; (2) allocation concealment; (3) blinding (patients, medical staff, outcome evaluations, and data analysis); (4) incompletion of the outcome report (important indicators and follow-up rate); (5) selective reporting; and (6) other biases (such as baseline imbalance and suspected fraud. The two investigators’ answer of “yes” indicated a lower risk of bias, “no” indicated a higher risk of bias, and “unclear” indicated an uncertain risk of bias.
2.6 Statistical analysis
Statistical analysis was conducted using RevMan 5.4 software. Odds ratios (ORs) were used to represent categorical variables, and mean differences (MDs) were used for continuous variables while calculating 95% confidence intervals (CIs). The Cochrane’s Q test and the I2-value were used to assess the statistical heterogeneity, where p > 0.1 or I2 ≤ 50% suggested a favorable homogeneity among studies, and a fixed-effects model was used; p ≤ 0.1 or I2>50% suggested significant heterogeneity, so a random-effects model was used. When only two trials were included, although the heterogeneity was not significant, a random-effects model was selected to ensure the accuracy of the results. For sensitivity analysis, one study was omitted at a time to find the source of publication for heterogeneity, such as interventions, gender, age, and outcome indicators. When the number of trials was ≥10, we used the funnel chart to test whether there was publication bias. Although planned, we did not check the publication bias using Egger’s or Begg’s test as these tests were unreliable when fewer than 10 trials were included.
3 RESULTS
3.1 Study search
The process of the database search and study identification is presented in Figure 2. The initial database search identified 406 records. We excluded 245 duplicate records and 124 ineligible records by screening titles and abstracts. Of the remaining 37 articles that underwent full-text review, 17 were further excluded because of inaccurate data, ineligible interventions, and non-RCT study design. The exclusion studies and reasons are presented in Supplementary Table S2. Finally, 20 RCTs (Gan et al., 2010; Fu et al., 2014a; Fu et al., 2014b; Fan et al., 2015; Qiao et al., 2016; Feng et al., 2017; Xie, 2017; Liu et al., 2018; Wang, 2018; Xin and Qian, 2018; Zhou, 2018; Chen, 2019; Guo, 2019; Zhang, 2019; Zhang and Du, 2019; Zhong and Zheng, 2019; Sun et al., 2020b; Sun, 2021; Ji and Liu, 2022; Yang et al., 2022) were included.
[image: Flowchart depicting a systematic review process. Initially, 406 records are identified from databases such as PubMed and others, with 245 duplicates removed. Out of 161 records screened, 124 were excluded for irrelevance. Thirty-seven full-text records were assessed for eligibility; seventeen were excluded due to inaccurate data, ineligible interventions, or non-RCT study design. Finally, 20 records were included.]FIGURE 2 | Flow chart of study selection and identification.
3.2 Basic information
All 20 RCTs were published in China from 2010 to 2023. The total sample size was 1,881 cases, with a maximum of 138 cases and a minimum of 39 cases. In total, there were 943 cases in the EG and 938 cases in the CG. According to the ConPhyMP guidelines (Heinrich et al., 2022), all included RCTs focused on “type A” extracts (documented in the national pharmacopeia with licensed applications). The composition, source, and chemical characteristics of PNS injection used in the included trials are presented in Supplementary Table S3. The other details are shown in Table 1.
TABLE 1 | Characteristics of included studies.
[image: A table presents various studies with columns for author and publication year, sample size, gender distribution, age, intervention methods, reperfusion strategies, treatment course duration, follow-up period, and outcomes. The table compares different medical treatments and their effectiveness on various health metrics, indicated by specific symbols under outcomes.]3.3 Literature quality evaluation
Regarding randomization, 13 RCTs (Fu et al., 2014a; Fu et al., 2014b; Fan et al., 2015; Xie, 2017; Liu et al., 2018; Wang, 2018; Xin and Qian, 2018; Zhou, 2018; Chen, 2019; Zhang, 2019; Sun et al., 2020b; Sun, 2021; Yang et al., 2022) generated random sequences using a random number table, which were rated as “low risk.” The remaining trials did not report the specific randomized method, resulting in an “unknown risk.” None of the RCTs reported the assignment hiding scheme, and the predictable future assignments could have led to the failure of randomization. Therefore, we rate the allocation concealment of all RCTs as “unknown risk”. Whether or not outcomes were measured by a blinded assessor could not be established because of the lack of information. Therefore, we rate the blinding of all RCTs as “unknown risk”. Two RCTs (Fu et al., 2014a; Feng et al., 2017) were rated as “high risk” due to incomplete data, which did not indicate the sample size and average age, while the others were rated as “low risk.” The results of all study reports were rated as “low risk” without selective reporting. No other bias was reported in any RCTs and was rated as “unknown risk” (Figure 3).
[image: Risk of bias summary and graph for several studies, each evaluated across multiple categories: selection, performance, detection, and reporting biases. The graph on the right shows overall bias percentages with color coding: green for low risk, yellow for unclear risk, and red for high risk.]FIGURE 3 | Risk of bias of included studies.
3.4 Main efficacy outcomes
3.4.1 Total effective rate
Four RCTs (Xie, 2017; Zhou, 2018; Sun et al., 2020b; Ji and Liu, 2022) were reported on the total effective rate of PNS injection plus CT versus CT. The heterogeneity was not significant (p = 0.93, I2 = 0%), so a fixed-effects model was used. The results presented in Figure 4 show that the total effective rate in the EG is significantly higher than that in the CG, with statistically significant differences [OR = 3.09, 95% CI: 1.67 to 5.72, p < 0.05].
[image: Forest plot displaying the odds ratios of different studies comparing experimental and control groups. Each study is represented with a blue square and 95% confidence interval lines. The pooled estimate is shown as a diamond at the bottom. The total odds ratio is 3.09 with a confidence interval of 1.67 to 5.72. Heterogeneity is indicated by Chi² and I² statistics. Test for overall effect shows a Z statistic of 3.59 with a p-value of 0.0003.]FIGURE 4 | Forest plot of total effective rate.
3.4.2 MACEs
Eight RCTs (Gan et al., 2010; Fu et al., 2014a; Fu et al., 2014b; Fan et al., 2015; Xie, 2017; Xin and Qian, 2018; Zhang, 2019; Ji and Liu, 2022; Yang et al., 2022) investigated the incidence of MACEs. As the heterogeneity was significant (p = 0.01, I2 = 60%), a random-effects model was used. The results presented in Figure 5 show that the incidence of MACEs in the EG is significantly lower than that in the CG, and the differences were statistically significant [OR = 0.32, 95% CI: 0.16 to 0.64, p < 0.05].
[image: Forest plot from a meta-analysis shows odds ratios and 95% confidence intervals for eight studies comparing experimental and control groups. The plot suggests overall favor towards the experimental group with a summary odds ratio of 0.32 (0.16, 0.64). Heterogeneity is indicated with a tau-squared of 0.86 and an I-squared of 60%. A significant overall effect is noted with a Z-score of 3.34 and p-value 0.001. Individual studies' confidence intervals and weights vary.]FIGURE 5 | Forest plot of MACEs.
3.5 Secondary efficacy outcomes
3.5.1 MIS
Three RCTs (Fu et al., 2014b; Zhong and Zheng, 2019; Sun et al., 2020b) examined the MIS. The statistical heterogeneity among them was substantial (p < 0.01, I2 = 89%), so a random-effects model was used. As shown in the results, a statistical difference was found between the two groups, which meant that the MIS in the EG was significantly lower than that in the CG [MD = −6.53, 95% CI: −8.81 to −4.24, p < 0.05] (Figure 6).
[image: Forest plot showing meta-analysis results of mean differences between experimental and control groups across three studies. Each study is represented by a square with horizontal lines indicating confidence intervals. The overall effect is depicted as a diamond, favoring the experimental group. Statistical measures include heterogeneity and p-value.]FIGURE 6 | Forest plot of MIS.
3.5.2 ST segment elevation amplitude
Two RCTs (Gan et al., 2010; Feng et al., 2017) examined the ST segment elevation amplitude. Although the heterogeneity was not significant between the two studies (p = 0.92, I2 = 0%), the random-effects model was used. The results indicated that PNS injection plus CT significantly decreases the ST segment elevation amplitude compared with CT alone [MD = −0.48, 95% CI: −0.94 to −0.02, p < 0.05] (Figure 7).
[image: Forest plot showing a meta-analysis of two studies comparing experimental and control groups. The mean differences are -0.95 and -0.45, each with a confidence interval. The overall effect estimates a mean difference of -0.46 with a 95% confidence interval from -0.84 to -0.09. The heterogeneity is low with an I² of 0%. Significance is indicated with a p-value of 0.04.]FIGURE 7 | Forest plot of ST segment elevation amplitude.
3.5.3 Myocardial injury
Six RCTs (Xie, 2017; Liu et al., 2018; Zhou, 2018; Chen, 2019; Guo, 2019; Ji and Liu, 2022) reported on CK-MB. The meta-analysis revealed that the CK-MB levels in the EG were significantly lower than those in the CG [MD = −11.19, 95% CI: −20.88 to −1.50, p < 0.05; I2 = 61%]. Five RCTs (Fan et al., 2015; Liu et al., 2018; Zhou, 2018; Chen, 2019; Guo, 2019) addressed the cTnT, with the meta-analysis indicating that cTnT levels in the EG were significantly reduced compared to those in the CG [MD = −10.72, 95% CI: −19.37 to −2.06, p < 0.05; I2 = 87%]. Additionally, two RCTs (Xie, 2017; Ji and Liu, 2022) focused on cTnI, and the meta-analysis showed that cTnI levels in the EG were notably lower than those in the CG [MD = −3.01, 95% CI: −5.68 to −0.33, p < 0.05; I2 = 0%] (Figure 8).
[image: Forest plot showing data from three panels (A, B, and C) comparing experimental and control groups. Each panel presents studies with mean differences, confidence intervals, and weights. Green squares represent effect sizes, while black diamonds show pooled results. Panel A has a mean difference favoring the control group. Panel B shows a slight favor towards the experimental group. Panel C has a mean difference indicating a small favor towards the control group. Heterogeneity statistics and total effects are included for each panel.]FIGURE 8 | Forest plot of myocardial injury [(A) CK-MB; (B) cTnt; (C) cTnI].
3.5.4 Cardiac function
Five RCTs (Fu et al., 2014a; Liu et al., 2018; Zhou, 2018; Chen, 2019; Guo, 2019) reported on BNP. The meta-analysis showed that the BNP in the EG is significantly lower than that in the CG [MD = −91.57, 95% CI: −130.27 to −52.86, p < 0.05; I2 = 68%]. Thirteen RCTs (Fu et al., 2014b; Xie, 2017; Liu et al., 2018; Wang, 2018; Zhou, 2018; Chen, 2019; Guo, 2019; Zhang and Du, 2019; Zhong and Zheng, 2019; Sun et al., 2020b; Sun, 2021; Ji and Liu, 2022; Yang et al., 2022) focused on the LVEF, revealing that LVEF in the EG was significantly increased compared to that in the CG [MD = 5.91, 95% CI: 4.23 to 7.59, p < 0.05; I2 = 90%]. Nine RCTs (Xie, 2017; Liu et al., 2018; Wang, 2018; Zhou, 2018; Chen, 2019; Guo, 2019; Zhang and Du, 2019; Sun, 2021; Ji and Liu, 2022) focused on the LVEDD, revealing that LVEDD in the EG was significantly reduced compared to that in the CG [MD = −3.08, 95% CI: −4.34 to −1.82, p < 0.05; I2 = 84%]. Additionally, two RCTs (Sun et al., 2020b; Yang et al., 2022) reported on CO. Meta-analysis showed that the CO in EG is significantly higher than that in the CG [MD = 0.53, 95% CI: 0.27 to 0.79, p < 0.05; I2 = 0%] (Figure 9).
[image: Forest plot illustrating results from four sub-studies labeled A, B, C, and D. Each section displays data comparing experimental and control groups, including metrics such as mean, standard deviation, and weight. Confidence intervals and mean differences are visually represented with lines and squares, indicating statistical comparisons. Solid diamonds represent overall effect estimates for each sub-study.]FIGURE 9 | Forest plot of cardiac function [(A) BNP; (B) LVEF; (C) LVEDD; (D) CO].
3.5.5 Inflammatory response
Seven RCTs (Qiao et al., 2016; Liu et al., 2018; Xin and Qian, 2018; Zhou, 2018; Zhang, 2019; Zhang and Du, 2019; Sun, 2021) examined the CRP levels. The meta-analysis demonstrated that the CRP levels in the EG were significantly lower than those in the CG [MD = −2.99, 95% CI: −5.36 to −0.61, p < 0.05; I2 = 98%]. Four RCTs (Xin and Qian, 2018; Zhou, 2018; Zhang, 2019; Sun, 2021) investigated TNF-α, revealing that TNF-α levels in the EG were significantly reduced compared to those in the CG [MD = −6.47, 95% CI: −8.76 to −4.18, p < 0.05; I2 = 62%]. Two RCTs (Qiao et al., 2016; Zhou, 2018) reported on IL-6, and the meta-analysis indicated that IL-6 levels in the EG were significantly lower than in the CG [MD = −24.46, 95% CI: −35.99 to −12.94, p < 0.05; I2 = 91%]. Similarly, two RCTs (Liu et al., 2018; Zhou, 2018) focused on PTX-3, and the meta-analysis showed that PTX-3 levels in the EG were significantly reduced compared to those in the CG [MD = −2.26, 95% CI: −3.21 to −1.31, p < 0.05; I2 = 0%] (Figure 10).
[image: Forest plot displaying data from multiple studies comparing experimental and control groups across four panels (A, B, C, D). Each panel shows mean differences, confidence intervals, and weights for various studies, with aggregated results at the bottom. Green squares and diamonds represent individual study results and overall effect size, respectively, indicating variation and favorability towards experimental or control conditions.]FIGURE 10 | Forest plot of inflammatory response [(A) CRP; (B) TNF--α; (C) IL-6; (D) PTX-3].
3.5.6 Vascular endothelial function
Three RCTs (Fan et al., 2015; Xie, 2017; Zhong and Zheng, 2019) investigated the ET-1, revealing that ET-1 levels in the EG were significantly reduced compared to those in the CG [MD = −20.56, 95% CI: −36.19 to −4.93, p < 0.05; I2 = 98%]. Similarly, Zhong and Zheng (2019) reported on NO. The result showed that the NO level in the EG is higher than that in the CG [MD = 1.33, 95% CI: 0.92 to 1.74, p < 0.05] (Figure 11).
[image: Forest plot showing two meta-analyses, A and B. Panel A illustrates three studies comparing experimental and control groups with significant heterogeneity and an overall negative mean difference favoring control. Panel B shows one study with results favoring the experimental group and no heterogeneity. Overall, combined results from panel B favor the experimental group.]FIGURE 11 | Forest plot of vascular endothelial function [(A) ET-1; (B) NO].
3.5.7 Oxidative stress
Two RCTs (Fan et al., 2015; Xie, 2017) reported on SOD. The results indicated that PNS injection plus CT significantly increases the SOD levels compared with CT alone. [MD = 25.84, 95% CI: 16.44 to 35.52, p < 0.05; I2 = 0%, random-effects model] (Figure 12).
[image: Forest plot showing the mean difference in scores between experimental and control groups across studies by Xie and Yang. The combined mean difference favors the experimental group. Total sample size is 82. Heterogeneity is low with an I squared of zero percent. The overall effect is statistically significant with a Z score of 5.94 and a P value less than 0.00001.]FIGURE 12 | Forest plot of SOD.
3.6 Safety outcomes
Four RCTs (Liu et al., 2018; Wang, 2018; Chen, 2019; Sun, 2021) assess the adverse effects. Given the non-significant heterogeneity (p = 0.73, I2 = 0%), a fixed-effects model was employed for the analysis. Figure 13 illustrates that the incidence of adverse events did not significantly differ between the EG and CG [OR = 1.00, 95% CI: 0.49 to 2.06, p = 1.00]. Regarding bleeding events, Fan et al. (2015) observed three instances in the CG and one in the EG. Xie (2017) reported two severe bleeding events in the CG, while the EG recorded none. There was no significant difference in the incidence of bleeding events between the two groups (p = 0.16).
[image: Forest plot comparing odds ratios of four studies in experimental versus control groups. Each study is represented by a blue square and horizontal line indicating the odds ratio and confidence interval. A diamond at the bottom represents the overall effect estimate, centered on an odds ratio of one point zero nine. The plot shows no significant overall effect, with a confidence interval from zero point eight four to one point four three, suggesting no difference between the groups.]FIGURE 13 | Forest plot of adverse events.
3.7 Subgroup analysis
Subgroup analysis stratified by the reperfusion strategies (PCI or thrombolysis) indicated that PNS injection could enhance the total effective rate [OR = 2.57, 95% CI: 1.14 to 5.78, p < 0.05] and decrease MACEs [OR = 0.38, 95% CI: 0.21 to 0.67, p < 0.05] in patients undergoing PCI. Likewise, PNS injection was associated with an increased total effective rate [OR = 3.89, 95% CI: 1.49 to 10.14, p < 0.05] and a reduction in MACEs [OR = 0.24, 95% CI: 0.04 to 1.39, p < 0.05] in patients who underwent thrombolysis (Figure 14).
[image: Forest plot displaying meta-analysis results of thrombolysis in various studies. Panel A focuses on intracranial hemorrhage, showing odds ratios with confidence intervals for individual studies and subgroups. Panel B addresses favorable outcomes, presenting similar data. Diamond shapes summarize overall effects, with the position indicating whether results favor experimental or control groups. Horizontal lines represent confidence intervals for each study.]FIGURE 14 | Subgroup analysis stratified by the reperfusion strategies [(A) total effective rate; (B) MACEs].
The subgroup analysis, stratified by the duration of PNS injection (7 days or 14 days), indicated that a 7-day PNS injection was associated with an increased total effective rate [OR = 2.84, 95% CI: 1.27 to 6.37, p < 0.05] and a reduction in MACEs [OR = 0.41, 95% CI: 0.23 to 0.72, p < 0.05]. Similarly, a 14-day PNS injection enhanced the total effective rate [OR = 3.39, 95% CI: 1.29 to 8.90, p < 0.05] and decreased MACEs [OR = 0.17, 95% CI: 0.02 to 1.22, p < 0.05] (Figure 15).
[image: Forest plot comparing experimental and control groups across multiple studies. It displays odds ratios with confidence intervals for each study and subgroup, visually summarizing the effect sizes and their statistical significance. Diamonds indicate combined effect estimates for subgroups, with the overall effect at the bottom. The plot includes a vertical line representing the null value (odds ratio of one), and study weights are shown.]FIGURE 15 | Subgroup analysis stratified by the courses of PNS injection [(A) total effective rate; (B) MACEs].
Further subgroup analysis, stratified by the initial time of the injection (before reperfusion or after reperfusion), revealed that administering PNS prior to reperfusion was linked to a decrease in MACEs [OR = 0.51, 95% CI: 0.27 to 0.94, p < 0.05] and an increase in LVEF [MD = 6.65, 95% CI: 4.06 to 9.25, p < 0.05]. Conversely, administering PNS post-reperfusion was also correlated with a reduction in MACEs [OR = 0.21, 95% CI: 0.06 to 0.70, p < 0.05] and an elevation in LVEF [MD = 4.97, 95% CI: 3.36 to 6.58, p < 0.05] (Figure 16).
[image: Forest plot displaying the odds ratios and mean differences for two subgroups: before reperfusion and after reperfusion, with individual studies plotted. Each study shows confidence intervals and pooled results. Subgroup A (odds ratio) has overall pooled effect favoring reperfusion with a ratio of 0.32 (95% CI: 0.16, 0.64). Subgroup B (mean difference) shows overall effect favoring experimental with a mean difference of 5.91 (95% CI: 4.23, 7.59). Heterogeneity statistics are provided, and confidence intervals are depicted as horizontal lines through the squares representing each study.]FIGURE 16 | Subgroup analysis stratified by the initial time [(A) MACEs; (B) LVEF].
An additional subgroup analysis, stratified by the duration of the follow-up, established that the incidence of MACEs in the EG was significantly lower than that in the CG at a 6-month checkpoint [OR = 0.44, 95% CI: 0.21 to 0.89, p < 0.05]. However, no significant differences were observed at the 14-day [OR = 0.41, 95% CI: 0.08 to 2.01, p = 0.27] and 1-month intervals [OR = 0.43, 95% CI: 0.16 to 1.14, p = 0.09] (Figure 17).
[image: Forest plot illustrating a meta-analysis of several studies comparing experimental and control groups. Each study's odds ratio and confidence interval are depicted with squares and horizontal lines. Diamonds represent the pooled results for each subgroup and overall. Numerical values indicate event occurrence, total participants, and statistical weights for each study. The x-axis displays a log scale of odds ratios, highlighting the comparative effectiveness of the experimental intervention over the control. Statistical heterogeneity is noted, and overall odds ratio favors the experimental group, shown on the lower part of the plot.]FIGURE 17 | Subgroup analysis stratified by the follow-up time.
3.8 Sensitivity analysis
When the heterogeneity was significant, we performed a sensitivity analysis, including MACEs, MIS, CK-MB, cTnT, BNP, LVEF, LVEDD, CRP, TNF-α, and ET-1. Sensitivity analysis found that the reasons may lie in the heterogeneity of trials with respect to the sample size, the age range of participants, PNS dosing protocols, duration of the intervention, and the outcome measures used. After excluding these studies, the heterogeneity significantly reduced, and the results showed a limited impact (Supplementary Table S4). Therefore, these results of meta-analysis were stable and reliable.
3.9 Publication bias
We performed the publication bias for LVEF. As the number of trials was ≥10, we used the funnel chart to determine whether there was publication bias. The results showed that the points of the effects of each trial show a symmetrical inverted funnel distribution, suggesting that the possibility of publication bias was small (Figure 18).
[image: Scatter plot illustrating the relationship between SE(MD) and MD with individual data points scattered. A vertical blue dashed line is positioned near MD value of 5. Data points are primarily clustered between MD values of 0 and 10 and SE(MD) values of 0 and 1.5.]FIGURE 18 | The publication bias of LVEF.
4 DISCUSSION
4.1 Summary of findings
To the best of our knowledge, this is the first meta-analysis that systematically assesses the efficacy and safety of PNS injection in the treatment of AMI. The findings indicate a significant enhancement in the total effective rate and a reduction in MACEs at 6 months, ST segment elevation, and MIS in AMI patients treated with PNS injection. Additionally, PNS injections were found to improve cardiac and vascular endothelial functions and mitigate myocardial injury, inflammatory responses, and oxidative stress, likely attributing to the protective mechanism of PNS in AMI. Safety assessments suggest that PNS does not increase the incidence of adverse events, particularly bleeding. These results demonstrate the efficacy and safety of PNS injection, offering improved functional outcomes in AMI patients compared to CT alone and potentially presenting a promising treatment modality for AMI. Subgroup analysis further revealed that regardless of the variation in reperfusion strategies (PCI or thrombolysis), initiation timing (pre or post-reperfusion), and duration of treatment (7 or 14 days), PNS exhibited significant therapeutic benefits and favorable long-term prognoses in AMI management. Consequently, PNS is advocated as a secondary treatment in reperfusion AMI patients. The decision to initiate PNS immediately post-reperfusion should consider the risk of bleeding, with a recommended treatment duration of 1–2 weeks.
4.2 Mechanism of PNS in AMI
Apoptosis, occurring within hours after the occurrence of AMI, is a primary factor contributing to myocardial injury (Zhou et al., 2018b). This process is intricately linked to the Bcl-2 gene (Bcl-2) and Bcl-2-associated X protein (Bax). PNS is shown to mitigate ultrastructural damage in cardiomyocytes, suppress Bax expression, and enhance the Bcl-2/Bax ratio, thereby reducing cardiomyocyte apoptosis induced by myocardial injury (Zhang et al., 2022). Liu et al. (2019) reported that PNS promotes cardiomyocyte autophagy via the phosphorylation of AMPK and CaMKII, conferring cardioprotection in AMI. Furthermore, PNS has been observed to prevent the decline in mitochondrial membrane potential triggered by hypoxia and serum glucose starvation (SGOD) in vitro, inhibiting apoptosis in H9c2 cells. The anti-apoptotic property of PNS may be associated with the upregulation of miR-21 and the inhibition of the PI3K/Akt signaling pathway (Chen et al., 2011; Chen et al., 2019).
Frequent inflammatory reactions aggravate ischemia-reperfusion injury post-AMI, leading to an elevation in MIS (Toldo and Abbate, 2018). TNF-α and IL-6 are the primary inflammatory mediators (Neumann et al., 1995; Frangogiannis, 2014). Fundamental research has demonstrated that PNS can decrease the levels of inflammatory mediators such as nuclear factor kappa B (NF-κB), TNF-α, and IL-6 in rat models of AMI. This reduction mitigates the extent of inflammatory infiltration and myocardial cell edema (Pan et al., 2015; Ning et al., 2020). Sun et al. (2013) and Zhong et al. (2015) corroborated that notoginsenoside R1, a significant phytoestrogen, mitigates H9c2 cell injury by diminishing inflammatory responses and apoptosis in both in vivo and in vitro experiments.
Oxidative stress injury critically contributes to irreversible and severe damage to cardiomyocytes in AMI (Neri et al., 2015). Experimental findings (Yamada et al., 2019; Wang et al., 2020) confirm that PNS curtails the generation of oxygen-free radicals in cardiomyocytes post-AMI. This modulation alleviates the imbalance between oxidative and antioxidative mechanisms, ameliorating oxidative stress injury and safeguarding the damaged myocardium. Yu et al. (2016) verified through in vivo and in vitro studies that PNS scavenges oxygen-free radicals, augments the activity of antioxidant enzymes, decreases the expression of endoplasmic reticulum stress-associated proteins, and suppresses the expression of proteins linked to pro-apoptosis.
Alterations in the structure and function of vascular endothelial cells are intimately associated with AMI onset. PNS inhibits the apoptosis of rat vascular endothelial cells by downregulating caspase-3 expression and upregulating the Bcl-2 gene. It enhances endothelium-dependent vasodilation function by elevating NO levels and reducing ET-1 levels (Kwan and Kwan, 2000; Qiao et al., 2015; Zhang et al., 2021). Certain studies (Yang et al., 2016; Zhou et al., 2019) have suggested that angiogenesis induced by PNS post-AMI might correlate with the upregulation of vascular endothelial growth factor A (VEGFA) gene expression. PNS notably promotes the VEGF-stimulated migration of human umbilical vein endothelial cells (HUVECs) and induces approximately a three-fold increase in VEGF mRNA expression.
Platelet activation is a direct precursor to platelet aggregation, potentially leading to AMI. PNS exerts a notable inhibitory effect on platelet-activating factor CD62P and platelet membrane glycoprotein IIb/IIIa. This effect significantly counteracts platelet aggregation and adhesion, enhances fibrinolytic activity, and decelerates thrombosis (Lau et al., 2009). Studies indicate that PNS not only reduces platelet aggregation but also, when used with aspirin, enhances its antiplatelet effect and protects the gastric mucosa. This effect is likely due to PNS’s impact on the metabolic pathways of cyclooxygenase-1 and cytochrome enzymes in the platelet arachidonic acid (AA) pathway (Wang et al., 2021b; Wang et al., 2021c; Dai et al., 2022). Zhong and Zheng (2019) observed that the platelet aggregation rate in the PNS plus CT group was significantly lower than that in the CT group 2 h post-thrombolysis, although no significant difference was noted at 10 h. Although our study did not include indicators related to platelet function and coagulation, future research may address this gap.
4.3 Advantages and limitations
The advantages of this meta-analysis included the following. First, a comprehensive search was conducted in a variety of databases without language and time restrictions. Second, independent study selection, data extraction, and bias assessment by two investigators minimized errors. Third, sensitivity analyses did not significantly affect the results, indicating the results were credible. Fourth, multiple subgroup analyses were conducted to assess potential influencing factors and reduce heterogeneity.
There were some limitations in this study. First, the quality of included RCTs was generally low, according to the collaboration tool. None of the 20 RCTs clearly described the method of allocation concealment and blinding, resulting in methodological deficiencies. Therefore, we assessed and reviewed the eligible RCTs by applying considerably high standards. Our meta-analysis attempted to secure methodological rigor and therefore draw unbiased conclusions. Second, all of 20 RCTs were written in Chinese and no English article was involved, and the publication biases could probably affect the results. Third, there were differences in CT of the 20 RCTs, which may increase heterogeneity between the included trials and influence the results. In addition, the heterogeneity in meta-analysis was significant. We used sensitivity and subgroup analyses to explore the source of heterogeneity.
5 CONCLUSION
This study highlighted the efficacy and safety of adjunctive PNS injection in enhancing AMI patient outcomes beyond CT alone. Future RCTs need to solidify these findings through rigorous methods, including double-blinding, enlarged sample sizes, the incorporation of multiple centers, and prolonged follow-up durations.
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Background: Although Shen Gui capsules (SGCP) are widely used as an adjuvant treatment for chronic heart failure (CHF), their clinical efficacy and safety remain controversial.Purpose: To assess the efficacy and safety of SGCP in the treatment of CHF through a systematic review and meta-analysis, to provide high-quality evidence for evidence-based medicine.Methods: Seven databases were searched for randomized controlled trials (RCTs) assessing SGCP for CHF, from inception to 9 January 2023. RCT quality of evidence was evaluated using the Cochrane Handbook for the Evaluation of Intervention Systems to assess risk of bias and Grading of Recommendations Assessment, Development, and Evaluation. A meta-analysis with subgroup and sensitivity analyses was performed using Review Manager 5.4 and Stata 12.Results: Nine RCTs representing 888 patients with CHF were included in the review. Meta-analysis revealed that SGCP combined with conventional heart failure therapy is more advantageous for improving left ventricular ejection fraction [LVEF; mean difference (MD) = 5.26, 95% confidence interval (CI) (3.78, 6.74), p < 0.0000] and increasing effective rate [relative risk (RR) = 1.21, 95%CI (1.14, 1.29), p < 0.001] compared with conventional therapy alone. The experimental treatment also reduced brain natriuretic peptide [MD = −100.15, 95%CI (−157.83, −42.47), p = 0.0007], left ventricular end-diastolic diameter [MD = −1.93, 95%CI (−3.22, −0.64), p = 0.003], and hypersensitive C-reactive protein [MD = −2.70, 95%CI (−3.12,−2.28), p < 0.001] compared with the control group. However, there was not a statistically significant difference in tumor necrosis factor-α [MD = −14.16, 95%CI (−34.04, 5.73), p = 0.16] or left ventricular end-systolic diameter [MD = −1.56, 95%CI (−3.13, 0.01), p = 0.05]. Nor was there a statistically significant between-groups difference in incidence of adverse events (p > 0.05).Conclusion: SGCP combined with conventional heart failure therapy can improve LVEF and increase the effective rate to safely treat patients with CHF. However, further high-quality studies are needed to confirm these findings, due to the overall low quality of evidence in this literature.Clinical Trial Registration: https://www.crd.york.ac.uk/PROSPERO/logout.php, PROSPERO [CRD42023390409].Keywords: Shen Gui capsule, chronic heart failure, meta-analysis, efficacy, safety
1 INTRODUCTION
Chronic heart failure (CHF), an end-stage state of cardiovascular disease, is characterized by stagnation of the pulmonary or somatic circulation and insufficient systemic blood perfusion (McDonagh et al., 2023). Epidemiologic data indicate that 64.3 million people worldwide suffer from heart failure (HF) (Savarese et al., 2023). Coronary artery disease, hypertension, diabetes mellitus, and obesity are the main causes of CHF(Heidenreich et al., 2022; Barghash, 2023); consequently, the average age of patients with HF is decreasing because the prevalence of these diseases continues to rise among young people (Lecoeur et al., 2023). HF also imposes an enormous economic burden on global public health. A study across 197 countries showed that the overall global economic cost of HF in 2012 was approximately $108 billion (Kapelios et al., 2023).
Most importantly, CHF is the leading cause of death from cardiovascular disease (Bozkurt et al., 2023). Thus, HF treatment is aimed at delaying its development, improving cardiac function, relieving clinical symptoms, and reducing mortality. Typically, diuretics, angiotensin-converting enzyme inhibitors (ACEIs), angiotensin AT-1 receptor blockers (ARBs), and beta-adrenergic blocking agents are effective CHF treatments (Heidenreich et al., 2022). Yet despite the maturity of current CHF treatment options, the mortality rate from this condition remains high. A longitudinal analysis of 86,000 patients with HF showed a one-year mortality rate of up to 32% after an HF event (Conrad et al., 2019). The search for safer, more effective CHF therapeutic options thus remains a major challenge. Traditional Chinese medicine (TCM) has recently been found to have significant advantages in the management of chronic diseases, including CHF.
Sen Gui capsules (SGCP) are a TCM preparation approved by the National Medical Products Administration of China in 2019 (Approval number: Z20000060, Specification: 0.3 g/capsule, Shanghai Yudan Pharmaceutical Co.). Animal experiments (Zongduo and Runtang, 2003) have shown that SGCP can dilate the rat coronary artery to increase blood flow, lower blood pressure, increase cardiac output, and protect cardiomyocytes. Clinical trials (Songlin et al., 2022) have also demonstrated that SGCP improves cardiac function, delays HF progression, and is efficacious in the adjuvant treatment of CHF. Although its adjunctive efficacy has been demonstrated, the quality of evidence from these clinical studies has not yet been assessed. To date, there have been no systematic reviews or meta-analyses of the efficacy and safety of SGCP in CHF treatment. Therefore, this study assessed the efficacy and safety of SGCP in the treatment of CHF through a systematic review and meta-analysis, to provide high-quality evidence for evidence-based medicine.
2 MATERIALS AND METHODS
This systematic review and meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021) and Cochrane Handbook 2019 (Cumpston et al., 2019) for Systematic Reviews. The PRISMA2020 checklist is detailed in the Supplementary Material S5. The study protocol was registered in the International Prospective Register of Systematic Reviews (https://www.crd.york.ac.uk/PROSPERO/logout.php, PROSPERO, No. CRD42023390409) and had no amendments to the information provided at registration.
To ensure study accuracy, these analyses adopted the consensus statement on the Phytochemical Characterisation of Medicinal Plant extract (ConPhyMP) as a reference when reporting SGCP. We also followed the guidelines for standardizing the scientific nomenclature of botanical drug components. Moreover, we validated these names by cross-referencing them with the websites “Plant of the World Online” (http://www.plantsoftheworldonline.org) and “The World Flora Online” (http://www.worldfloraonline.org) (see compositions of included SGCP in the Supplementary Material S1–S4).
2.1 Inclusion and exclusion criteria
2.1.1 Studies
All randomized controlled trials (RCTs) on SGCP for CHF treatment published in China and abroad, in Chinese or English, were included.
2.1.2 Study participants
Patients with CHF who were older than age 18 years, regardless of gender, race, disease duration, or comorbidities, who met the criteria for CHF diagnosis in the 2022 guidelines (Heidenreich et al., 2022) issued by the American Heart Association with New York Heart Association (NYHA) cardiac function classification (Greene et al., 2021) stage II–IV were included.
2.1.3 Intervention
According to the guideline criteria (Heidenreich et al., 2022) for HF management issued by the American Heart Association in 2022, the control group was treated with conventional HF therapy including diuretics, β-receptor antagonists, ACEIs, ARBs, angiotensin receptor-neprilysin inhibitors, or other recommended medications. The experimental group was administered SGCP in combination with conventional HF therapy, with unlimited duration of treatment and medication dosage.
2.1.4 Outcome measures
The primary outcomes were left ventricular ejection fraction (LVEF) and effective rate. Secondary outcomes included hypersensitive C-reactive protein (hs-CRP), tumor necrosis factor-α (TNF-α), left ventricular end-systolic diameter (LVESD), left ventricular end-diastolic diameter (LVEDD), brain natriuretic peptide (BNP), and adverse events. The effective criteria were: NYHA classification improved by ≥ 1 grade, improved HF symptoms and signs, or reduced TCM evidence points by ≥ 30% after treatment. The ineffective criteria were: no improvement or aggravation of NYHA classification or HF symptoms and signs, or reduction of TCM evidence points by <30% after treatment. The treatment effective rate = number of effective treatments/total number of treatments × 100%.
2.1.5 Exclusion criteria
RCTs which included patients with CHF due to congenital heart disease, had incomplete study descriptions, were duplicate studies, or included academic misconduct such as data falsification were excluded.
2.2 Search strategy
Seven online databases were searched: China National Knowledge Infrastructure (CNKI); Wan Fang; China Science and Technology Journal Database (VIP); China Biology Medicine disc (CBM); PubMed; Embase; and Cochrane Library. Each was searched for relevant literature on SGCP for CHF from inception until 9 January 2023. The main search terms used in the Chinese databases were “Xinlishuaijie”, “Xinshuai”, “Xingongnengbuquan”, and “Shenguijiaonang”. Those used in the English database included “heart failure” and “shengui capsule”. The specific PubMed search strategy was: (“Heart Failure” [Mesh]) OR (Cardiac Failure)) OR (Heart Decompensation)) OR (Decompensation, Heart)) OR (Heart Failure, Right-Sided)) OR (Heart Failure, Right Sided)) OR (Right-Sided Heart Failure)) OR (Right-Sided Heart Failure)) OR (Myocardial Failure)) OR (Congestive Heart Failure)) OR (Heart Failure, Congestive)) OR (Heart Failure, Left-Sided)) OR (Heart Failure, Left Sided)) OR (Left-Sided Heart Failure)) OR (Left-Sided Heart Failure)) AND ((Shengui capsule) OR (Shengui)) OR (Shen Gui capsule)). In addition, the article reference lists were searched for relevant literature to prevent omissions. The search process is detailed in the Supplementary Material S6, S7.
2.3 Data extraction
The literature search and screening were performed independently by two researchers. First, all the literature was searched according to the search strategy and duplicates were eliminated. The titles and abstracts were screened to identify relevant articles. Finally, the full text was read to determine if each article met the inclusion criteria. The researchers discussed any discrepancies, and disagreements were discussed with a third researcher before a final decision was made to include or exclude the article. The screening process is shown in Figure 1.
[image: Flowchart detailing the identification and screening process of studies via databases and registers. Initially, 71 records were identified from databases like CNKI, WanFang, and others. After removing duplicates, 28 records were screened. Of these, 16 were excluded for reasons such as not being RCTs or relevant clinical trials. Twelve full-text articles were assessed for eligibility, with three excluded for not being RCTs or lacking research content. Ultimately, nine studies were included in the overview.]FIGURE 1 | Flow chart of the study selection process.
The data, which were extracted independently by two researchers, included: 1) basic information like article title, first author, nationality, and publication year; 2) logistics like study type, population, interventions, controls, treatment duration, outcomes, and adverse events; and 3) study sample baseline data, including: age, sex, disease duration, comorbidity, and NYHA classification (Table 1). The extracted data were collated and checked by two researchers using Excel 2019; inconsistencies were discussed between these two, or decided by a third researcher. Corresponding authors of articles with incomplete information were contacted; if there was no response, that article was excluded from the study.
TABLE 1 | Main characteristics of included studies.
[image: A table with multiple columns, detailing various studies from China on treatments for patients with severe chronic heart failure (CHF). The columns include: author and year, country and trial design, study population, intervention or comparison, treatment time, sample size, age, gender, course year, comorbidity, NYHA class, and outcome assessment. The table compares conventional treatment with additional interventions like Buxuemai granules or bisoprolol fumarate. Outcome assessments include effective rate, LVEF, BNP, and others. Additional notes explain abbreviations at the bottom.]2.4 Risk of bias
The risk of bias assessment for study inclusion was conducted independently by two researchers. The criteria were based on the quality assessment criteria recommended in the Cochrane Handbook 2019 (Cumpston et al., 2019) for the Evaluation of Intervention Systems based on seven areas: randomized sequence generation, allocation concealment, blinding of subjects and researchers, blinding of outcome assessors, incomplete outcome data, selective reporting of study results, and other issues. Any disputes were discussed and resolved by a third researcher if agreement could not be reached.
2.5 Evidence confidence
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) (Schünemann et al., 2020) was used to assess the quality of evidence of the included studies. The quality rating of the outcome indicators was evaluated in five areas: limitations, inconsistency, indirectness, imprecision, and publication bias. After completion, this process was independently checked by two researchers, and disputes were resolved by a third researcher.
2.6 Data analysis
The meta-analysis was performed using Review Manager 5.4 and Stata 12. Relative risk (RR) and mean difference (MD) were used as effect indicators for dichotomous and continuous variables, respectively, with 95% confidence intervals (CI). p < 0.05 was considered statistically significant. Heterogeneity was assessed using the χ2 and the I2 tests. The random-effects model found I2>50, indicating greater heterogeneity among the studies. When I2≤50% indicated less heterogeneity among the studies, a fixed-effects model was applied. If the heterogeneity was large and could not be explained in terms of clinical or methodological heterogeneity, descriptive analysis (i.e., rather than a meta-analysis) was performed. Based on the primary outcome indicators and high heterogeneity, subgroup results were analyzed using the following grouping criteria: 1) mean age of sample (<60 or ≥60 years) and 2) the SGCP dose (9 capsules/day or 12 capsules/day).
2.7 Sensitivity analysis
Sensitivity analysis was performed using Stata 12 to assess meta-analysis results stability. When results heterogeneity was high, Review Manager 5.4 was used to compare the results of the new effects and the magnitude of heterogeneity to determine the source of heterogeneity, by deleting the included studies one-by-one and rerunning the meta-analysis.
2.8 Publication bias
Publication bias was not assessed because the number of included RCTs <10, rendering meaningless both funnel plots and Egger’s test to assess publication bias.
3 RESULTS
3.1 Search results
A total of 71 relevant articles were retrieved, including: 17 articles in CNKI; 21 articles in Wan Fang; 15 articles in VIP; and 18 articles in CBM. After removing 43 duplicates and screening the titles, abstracts, and full texts, eight non-RCTs, 2 non-CHD studies, 4 non-SGCP studies, 4 non-clinical trials, and 1 incomplete study were excluded. Thus, a final 9 RCTs (Xiushuang et al., 2008; Fengmei, 2010; Chunjuaan et al., 2013; Wentao et al., 2013; Qun, 2015; Xiaoyan and Wenping, 2016; Ying, 2018; Rui et al., 2021; Songlin et al., 2022) were included herein (Figure 1).
3.2 Study characteristics
The 9 included RCTs represented a cumulative 888 patients with CHF(Xiushuang et al., 2008; Fengmei, 2010; Chunjuaan et al., 2013; Wentao et al., 2013; Qun, 2015; Xiaoyan and Wenping, 2016; Ying, 2018; Rui et al., 2021; Songlin et al., 2022). All trials were two-arm, with test and control groups, including 460 participants in the experimental group and 428 in the control group. Sample sizes ranged from 40 to 220, with 21–122 in the experimental group and 19–98 in the control group. Regarding interventions, all control groups were treated with conventional HF therapy such as beta-blockers and ACEI/ARBs; one study (Qun, 2015) used diphenhydramine hydrochloride tablets (two tablets, three times daily), and one (Songlin et al., 2022) used bisoprolol fumarate tablets (one tablet, once daily), while the remaining seven studies (Xiushuang et al., 2008; Fengmei, 2010; Chunjuaan et al., 2013; Wentao et al., 2013; Xiaoyan and Wenping, 2016; Ying, 2018; Rui et al., 2021) did not specify medication or dosage details.
The experimental group was administered SGCP in conjunction with conventional HF therapy. Four studies (Xiushuang et al., 2008; Fengmei, 2010; Chunjuaan et al., 2013; Qun, 2015) administered three capsules, twice daily and five studies (Wentao et al., 2013; Xiaoyan and Wenping, 2016; Ying, 2018; Rui et al., 2021; Songlin et al., 2022) administered four capsules, thrice daily. One study (Rui et al., 2021) had a treatment course of 8 weeks, and the other eight (Xiushuang et al., 2008; Fengmei, 2010; Chunjuaan et al., 2013; Wentao et al., 2013; Qun, 2015; Xiaoyan and Wenping, 2016; Ying, 2018; Songlin et al., 2022) had 4-week treatment courses. All studies were conducted and published in China; basic study characteristics are shown in Table 1.
3.3 Risk of bias assessment
The quality of the literature was assessed using the Cochrane Risk of Bias Assessment Tool (Figure 2). Three RCTs (Ying, 2018; Rui et al., 2021; Songlin et al., 2022) described the use of random number table method to generate random sequences, and were judged to be low risk; one RCT (Wentao et al., 2013) used a non-random sequence generation method, and was judged to be high risk; the remaining five RCTs (Xiushuang et al., 2008; Fengmei, 2010; Chunjuaan et al., 2013; Qun, 2015; Xiaoyan and Wenping, 2016) did not specify sequence generation details, so the risk of bias judgment was uncertain. Three RCTs (Ying, 2018; Rui et al., 2021; Songlin et al., 2022) were at high risk of selective bias due to the use of open random allocation tables (random number tables) which may have allowed researchers to anticipate allocation; the remaining RCTs did not describe a concealment method, so the risk of bias was uncertain. Patient and researcher blinding was not reported in any of the RCTs, so the risk of implementation bias was uncertain. Blinding of outcome assessors was not reported in any of the RCTs; however, measurement and assessment of outcomes were unaffected, so measurement bias was judged to be low risk. One RCT (Chunjuaan et al., 2013) was judged to be high risk because of incomplete outcome data; the remaining studies were judged to be uncertain because of incomplete information which made it difficult to determine whether there is a risk of selective reporting of results. All RCTs reported insufficient information to judge whether there was a significant risk of bias, so were judged to be uncertain.
[image: Chart A is a horizontal bar graph displaying bias risk categories with green for low risk, yellow for unclear risk, and red for high risk. Chart B is a matrix showing individual study assessments of risk in similar categories, marked with colored circles: green, yellow, and red.]FIGURE 2 | Risk of bias graph and bias summary (A). Risk of bias graph (B). Risk of bias summary.
3.4 Outcomes
3.4.1 Primary outcomes
3.4.1.1 LVEF
Six RCTs (Xiushuang et al., 2008; Fengmei, 2010; Xiaoyan and Wenping, 2016; Ying, 2018; Rui et al., 2021; Songlin et al., 2022) reported LVEF in 502 patients with CHF, including 248 in the control group receiving conventional therapy and 254 in the experimental group receiving SGCP combined with conventional therapy. Ultimately, there was significant heterogeneity (χ2 = 49.10, I2 = 90%) among the six RCTs; therefore, a meta-analysis was performed using a random-effects model, revealing that the addition of SGCP to conventional therapy was more conducive to improved LVEF compared with conventional therapy alone [MD = 4.58, 95%CI (1.40, 7.75), p = 0.005]. Sensitivity analysis using Stata 12 also suggested a stable outcome, as shown in Figure 3. To explore the source of heterogeneity, the studies were excluded one-by-one in the meta-analysis, with heterogeneity significantly reduced (χ2 = 2.29, I2 = 0%) after excluding the study by Xiushuang Geng et al. (Xiushuang et al., 2008). That study’s inclusion of patients with NYHA classification III and IV (Table 1) may have been the main factor contributing to the significant heterogeneity. The meta-analysis using a fixed-effects model after excluding this RCT (Xiushuang et al., 2008) suggested that the addition of SGCP to conventional therapy was more beneficial to improving LVEF compared with conventional therapy alone [MD = 5.26, 95%CI (3.78, 6.74), p < 0.00001; Figure 4].
[image: Four forest plots labeled A, B, C, and D show meta-analysis evaluations of various studies. Each plot displays effect size estimates with confidence intervals. Key studies are listed on the left, with reference lines indicating no effect in the center of each plot. Data points are positioned across the horizontal axis, illustrating variance in study results.]FIGURE 3 | Sensitivity analyses of LVEF, BNP, effective rate, and LVEDD. (A). LVEF; (B). BNP; (C). effective rate; (D). LVEDD.
[image: Forest plot showing results from two meta-analyses labeled A and B. Each analysis includes individual studies comparing an experimental group to a control group. Both plots display mean differences with 95% confidence intervals. Studies show varied weights and heterogeneity statistics. Analysis A shows a total effect favoring control, while Analysis B favors experimental. The diamond shapes represent overall effect sizes.]FIGURE 4 | Forest plot of LVEF (A). Forest plot of LVEF (B). Forest plot of LVEF after removing the “Geng Xiushuang 2008” study.
Subgroup analyses were performed based on the SGCP dose (9 capsules/day or 12 capsules/day). Two RCTs (Xiushuang et al., 2008; Fengmei, 2010) were included in the low-dose group (9 capsules/day), which reported the LVEF of 108 patients with CHF, including 53 patients in the control group and 55 patients in the experimental group, with significant heterogeneity in the results (χ2 = 8.78, I2 = 89%). There was not a statistically significant between-groups difference in LVEF [MD = 3.33, 95%CI (−3.79, 10.45), p = 0.36]. Four RCTs (Xiaoyan and Wenping, 2016; Ying, 2018; Rui et al., 2021; Songlin et al., 2022) were included in the high-dose group (12 capsules/day), reporting LVEF in 394 patients with CHF, including 195 in the control group and 199 in the experimental group, with no heterogeneity in the results (χ2 = 1.46, I2 = 0%). This analysis suggested that the addition of SGCP to conventional therapy was more favorable to improving LVEF compared with conventional therapy alone [MD = 5.04, 95%CI (3.49, 6.60), p < 0.00001]. Results of age subgroup analyses (<60 or ≥60 years) suggest that this factor is not a source of heterogeneity (Supplementary Material S8).
3.4.1.2 Effective rate
All nine RCTs (Xiushuang et al., 2008; Fengmei, 2010; Chunjuaan et al., 2013; Wentao et al., 2013; Qun, 2015; Xiaoyan and Wenping, 2016; Ying, 2018; Rui et al., 2021; Songlin et al., 2022) reported the effective rate in 888 patients with CHF, including 428 in the control group receiving conventional therapy and 460 in the experimental group receiving SGCP in combination with conventional therapy. There was no heterogeneity among the nine studies (χ2 = 6.71, I2 = 0%). Therefore, a meta-analysis was performed using a fixed-effect model, revealing that the addition of SGCP to conventional therapy helped to increase the effective rate compared with conventional therapy alone [RR = 1.21, 95%CI (1.14, 1.29), p < 0.001; Figure 5]. Sensitivity analysis indicated a stable outcome (Figure 3) and subgroup analyses based on age (<60 or ≥60 years) and SGCP dose (9 or 12 capsules/day) suggested no significant differences based on either factor (Supplementary Material S8).
[image: Forest plot showing the effective rate of various studies, comparing experimental and control groups. The x-axis represents the risk ratio, and the studies are listed on the y-axis. Each study has a corresponding line and square to indicate the effect size and confidence interval. The diamond at the bottom represents the overall effect, indicating a favor towards the experimental group.]FIGURE 5 | Forest plot of effective rate.
3.4.2 Secondary outcomes
3.4.2.1 BNP
Four RCTs (Wentao et al., 2013; Xiaoyan and Wenping, 2016; Ying, 2018; Songlin et al., 2022) reported BNP in 405 patients with CHF, including 201 in the control group and 204 in the experimental group, with significant heterogeneity among studies (χ2 = 236.56, I2 = 99%). Therefore, a meta-analysis was performed using a random-effects model, revealing that the addition of SGCP to conventional therapy was more conducive to reducing BNP in patients with CHF compared with conventional therapy alone [MD = −100.15, 95%CI (−157.83, −42.47), p = 0.0007; Figure 6]. Sensitivity analysis indicated that the overall outcome was stable (Figure 3).
[image: Forest plot showing the mean difference in brain natriuretic peptide (BNP) levels between experimental and control groups across four studies. The horizontal lines depict confidence intervals, with the central square indicating the mean difference for each study. The combined effect is represented by a diamond at the bottom, indicating a significant overall effect favoring the experimental group, with a positive mean difference. The plot includes statistics such as sample sizes, standard deviations, and p-values for each study.]FIGURE 6 | Forest plot of BNP.
Subgroups were analyzed according to the mean age (<60 or ≥60 years). The age <60 group was included in two RCTs (Ying, 2018; Songlin et al., 2022), reporting 157 patients, with 78 in the control group and 79 in the experimental group. The age ≥60 group was included in two RCTs (Wentao et al., 2013; Xiaoyan and Wenping, 2016), reporting 248 patients, with 123 in the control group and 125 in the experimental group. There was significant heterogeneity in both groups (χ2 = 6.48, I2 = 85%; χ2 = 42.43, I2 = 98%, respectively) and the random-effects model revealed that the addition of SGCP to conventional therapy was more beneficial in reducing BNP in patients with CHF compared with conventional therapy alone [MD = −26.44, 95%CI (−41.86, −11.01), p = 0.0008; MD = −177.99, 95%CI (−301.11, −54.87), p = 0.005, respectively; Supplementary Material S8]. Dose subgroup analyses were not performed because the SGCP dose was the same in these four RCTs (i.e., 12 capsules daily).
3.4.2.2 LVEDD
Three RCTs (Fengmei, 2010; Xiaoyan and Wenping, 2016; Ying, 2018) reported LVEDD in 300 patients with CHF, 149 in the control group and 151 in the experimental group, with no heterogeneity among these studies (χ2 = 1.10, I2 = 0%). Therefore, a meta-analysis was performed using a fixed-effects model, showing that the addition of SGCP to conventional therapy was more favorable to a reduced LVEDD compared with conventional therapy [MD = −1.93, 95%CI (−3.22, −0.64), p = 0.003; Figure 7].
[image: Forest plot illustrating the mean differences in LVEDD (Left Ventricular End-Diastolic Dimension) between experimental and control groups across three studies. Each study shows mean difference, confidence intervals, and weight. A diamond represents the overall effect size. Heterogeneity is indicated with no significant inconsistency (I² = 0%). Total overall effect is significant with a p-value less than 0.05.]FIGURE 7 | Forest plot of LVEDD.
3.4.2.3 hs-CRP
Three RCTs (Chunjuaan et al., 2013; Xiaoyan and Wenping, 2016; Ying, 2018) reported hs-CRP in 480 patients with CHF; however, the hs-CRP values in one study (Chunjuaan et al., 2013) were suspected to be incorrect, so those data were excluded. Hs-CRP data of 260 patients with CHF were included, with 130 in the control group and 130 in the experimental group, with slight heterogeneity between the two studies (χ2 = 1.03, I2 = 3%). Thus, a meta-analysis using a fixed-effect model was performed, revealing that the addition of SGCP to conventional therapy helped to reduce hs-CRP compared with conventional therapy alone [MD = −2.70, 95%CI (−3.12, −2.28), p < 0.001; Figure 8].
[image: Forest plot of high-sensitivity C-reactive protein (hs-CRP) showing two studies: Ku Yiyang (2019) and Hu Xiaoping (2018). Each study compares experimental and control groups with mean differences and confidence intervals. The overall mean difference is -2.70 with a 95% confidence interval of -3.92 to -1.48, indicating a significant effect favoring the experimental group. A diamond shape represents the pooled effect size.]FIGURE 8 | Forest plot of hs-CRP.
3.4.2.4 TNF-α
Two RCTs (Xiaoyan and Wenping, 2016; Ying, 2018) reported TNF-α in 260 patients with CHF, including 130 in each of the control and experimental groups, with significant heterogeneity between the studies (χ2 = 89.85, I2 = 99%). A meta-analysis was performed using a random-effects model, showing that there was not a statistically significant difference in TNF-α levels between SGCP combined with conventional therapy compared with conventional therapy alone [MD = −14.16, 95%CI (−34.04, 5.73), p = 0.16; Figure 9). However, inclusion of too few RCTs may have resulted in high heterogeneity.
[image: Forest plot of TNF-α showing the mean differences and confidence intervals for two studies. Study "Gu Yaojing2018" shows a mean difference of -2.34, while "Hou Xiaoyan2018" shows -1.63. The total weighted mean difference is -1.94 with a confidence interval from -2.64 to -1.25. Statistical heterogeneity is significant, with an I-squared value of 99%.]FIGURE 9 | Forest plot of TNF-α
3.4.2.5 LVESD
Two RCTs (Fengmei, 2010; Ying, 2018) reported LVESD in 120 patients with CHF, with 59 in the control group and 61 in the experimental group, and no heterogeneity between the two studies (χ2 = 0.10, I2 = 0%). The fixed-effect model was used for the meta-analysis revealing that SGCP combined with conventional therapy did not significantly reduce LVESD in patients with CHF compared with conventional therapy alone [MD = −1.56, 95%CI (−3.13, 0.01), p = 0.05; Figure 10].
[image: Forest plot displaying the mean difference in LVESD between experimental and control groups from two studies: Cui 1999/2010 and Seng 1999/2010. The overall effect size is -1.96, favoring the experimental group with a 95% confidence interval of -3.18 to 0.73. The heterogeneity is low (Chi² = 0.10, I² = 0%). Both studies' mean differences are shown as green squares, with the pooled result as a black diamond.]FIGURE 10 | Forest plot of LVESD.
3.5 Quality of the evidence
None of the included studies described allocation concealment and blinding information in detail, so the evidence was downgraded by one grade in the limitations. The meta-analysis revealed significant heterogeneity in LVEF, TNF-α, and BNP; thus, they were downgraded by two grades in inconsistency. All outcomes could be used as direct evidence, so the indirectness was not downgraded. The LVESD and TNF-α indicators were downgraded by one grade in imprecision because the sample size was <300. LVEF and BNP were downgraded for potential publication bias due to funnel plot asymmetry. The effective rate, hs-CRP, and LVEDD indexes were rated as “intermediate” quality evidence, LVESD was rated as “low”, and LVEF, TNF-α, and BNP were rated as “very low” (Table 2).
TABLE 2 | Quality of evidence.
[image: Table displaying outcomes of a study with columns for sample size, limitations, inconsistency, indirectness, imprecision, publication bias, relative effect, I2 percentage, and quality. Outcomes include effective rate, LVEF, hs-CRP, TNF-α, LVESD, LVEDD, and BNP with varying sample sizes and quality ratings. Notes indicate potential biases and sample size conditions.]3.6 Adverse events
Five RCTs (Fengmei, 2010; Wentao et al., 2013; Qun, 2015; Xiaoyan and Wenping, 2016; Ying, 2018) did not report adverse events and two (Chunjuaan et al., 2013; Rui et al., 2021) reported no significant adverse events. In one RCT (Xiushuang et al., 2008), five patients in each of the experimental and control groups experienced generalized fever. In the other study (Songlin et al., 2022), there were two reported episodes of headaches, one of dizziness, and one of dry mouth and thirst in the control group (incidence = 10.53%), and in the experimental group there was one episode of headache, two of dizziness, one of fatigue, and two of dry mouth and thirst (incidence = 15.38%). There was not a significant between-groups difference in the incidence of adverse events (p > 0.05).
4 DISCUSSION
This meta-analysis of data from nine RCTs, representing a cumulative 888 patients with CHF, found that conventional therapy combined with SGCP was more conducive to improving LVEF, increasing treatment efficiency, and decreasing BNP, LVEDD, and hs-CRP compared with conventional therapy alone; however, there was not a significant difference in reduced TNF-α or LVESD.
The quality of the included studies and evidence varied, with the quality of outcomes rated as intermediate-to-very-low, and no high-quality evidence studies. The main reasons for downgrading were inconsistency, limitations, and imprecision. Heterogeneity of LVEF, TNF-α, and BNP were all significant. Heterogeneity reflects widely varying estimates of treatment effects across individual studies, indicating real differences in potential treatment effects (Yang et al., 2023); thus, higher heterogeneity in outcomes across studies is downgraded due to inconsistency across results. In terms of limitations, no study described specific information on allocation concealment and blinding, thereby reducing the quality of evidence assessment based on the study design, which may lead to biased estimates of treatment effects (Wang et al., 2024). In terms of imprecision, when a study sample size is small, CIs for outcomes tend to be wider, contributing to uncertainty of the results (Guyatt et al., 2023). Consequently, the quality of the evidence for LVESD and TNF-α was downgraded, and that for effective rate, hs-CRP, and LVEDD, which were intermediate-quality evidence, had high confidence in the outcome estimation. However, further high-quality studies are required to confirm the effect of conventional treatment combined with SGCP on LVEF, TNF-α, BNP, and LVESD.
Regarding the quality of the literature, in terms of randomization, unbiased interventional studies need to ensure that similar participants receive respective interventions according to the principle of random assignment. Herein, five RCTs (Xiushuang et al., 2008; Fengmei, 2010; Chunjuaan et al., 2013; Qun, 2015; Xiaoyan and Wenping, 2016) did not describe sequence-generated information to determine the risk of bias, which raised the possibility of bias in the allocation of interventions. Intervention assignment in one RCT (Wentao et al., 2013) during sequence generation resulted in a high risk of selective bias. All these factors affect the overall literature quality. In terms of allocation sequence concealment, three RCTs (Ying, 2018; Rui et al., 2021; Songlin et al., 2022) used randomized number tables which may lead to selective recruitment based on prognostic factors. This open random assignment method did not accomplish adequate concealment of participant sequences and was prone to a high risk of selective bias. In addition, none of the other RCTs described the exact method of assigning sequence hiding. A study (Wood et al., 2008) of 146 meta-analyses found that in trials with subjective endpoints where allocation concealment was inadequate or unclear, there might be a component of amplification of the effect of their interventions on outcomes, thereby increasing the risk of bias. In addition, incomplete information made it impossible to determine whether there is a risk of selective reporting of results and the possibility of causing other biases, which would lead to a potential risk of bias in the reported results, which in turn would affect the study results.
Furthermore, none of the RCTs herein reported blinding of patients or outcome assessors. It has been shown that in randomized trials with ambiguous blinding or lack of blinding, the value of their intervention effect on outcomes was exaggerated from the estimated value (Tack, 2023). In general, the more subjective the trial outcome, the greater the bias it creates (Wang et al., 2023). However, the risk of measurement bias was low herein because the outcomes were objective and did not influence the measurement and assessment of the outcome. The data from only one RCT (Chunjuaan et al., 2013) was suspected to be incorrect, which would increase the likelihood of bias in the observed effect estimates. Therefore, these data were excluded to prevent such bias. All RCTs reported all outcomes and there was no risk due to selective reporting. Nonetheless, the studies might also be at risk of bias because of factors such as specific design, baseline imbalance, block randomization of unblinded trials, and varying diagnostic activity; however, no other sources of bias were identified in any of the included RCTs, partly maintaining their quality.
Sensitivity analyses revealed that all the results were robust. The main heterogeneity sources are clinical and methodological (Yalla and Lambrechts, 2023). To assess clinical heterogeneity, we performed subgroup analyses based on mean patient age (<60 or ≥60 years) and SGCP dose (9 capsules/day or 12 capsules/day), finding that neither was a source of heterogeneity. This was explored by excluding single studies on a one-by-one basis to re-run the meta-analysis, showing that patient NYHA classification may have been a primary source of heterogeneity for LVEF. Heterogeneity was reduced by excluding that study. In addition, most included studies did not mention the specific drugs and methods of administration of conventional therapy, and factors such as varying levels of medical care across study centers may have contributed to clinical heterogeneity, which was unavoidable due to the limitations of the objective factors. Methodological heterogeneity might have resulted from including evidence quality ranging from intermediate to very low, and risk of bias in the quality of the literature. Therefore, more studies with higher-quality evidence and higher-quality literature are needed to reduce these heterogeneities.
Characteristics of CHF include dyspnea or limitations in exercise due to impaired ventricular filling or ejection (Metra et al., 2023). Therefore, LVEF measured by echocardiography and serum BNP are important indicators in CHF diagnosis. HF with reduced ejection fraction occurs when the LVEF is ≤ 40%, and is accompanied by progressive left ventricular dilatation and ventricular remodeling (Murphy et al., 2020); this context increases LVEDD and LVESD. BNP is mainly secreted by ventricular myocytes, and promotes excretion, urination, and vasodilatation. When the ventricular load and ventricular wall tension are altered, BNP secretion is promoted to reduce cardiac load and protect cardiac function (Kuwahara, 2021). Therefore, when BNP is elevated above age- and underlying disease-specific thresholds, the potential for HF diagnosis increases accordingly. Moreover, because BNP is an effective predictor of death and acute cardiovascular events at 2–3 months (Yazdani et al., 2023), it can be used to assess cardiac function and long-term prognosis among patients with CHF. As an inflammatory biomarker, hs-CRP is associated with worsening CHF pathogenesis (Magnussen and Blankenberg, 2018). In a prospective cohort study (Burger et al., 2023) of patients with cardiovascular disease, hs-CRP was an independent risk marker for HF development. Therefore, hs-CRP levels may reflect severity and prognosis among patients with CHF. Clinical studies (Hanna and Frangogiannis, 2020) have reported significant TNF-α levels in patients with CHF, and mice with cardiac-specific TNF-α overexpression were more likely to develop dilated cardiomyopathy (Zhang and Dhalla, 2024). This mechanism may be related to TNF-α stimulating the synthesis of other pro-inflammatory cytokines with pro-apoptotic and negative inotropic properties, which leads to ventricular remodeling and HF progression (Galeone et al., 2023). Therefore, TNF-α also reflects disease severity in patients with CHF. These outcomes were chosen to assess treatment effectiveness herein to provide a reference basis for the efficacy of SGCP in combination with conventional HF therapy.
SGCP contains Panax ginseng C.A.Mey [ Araliaceae; ginseng radix et rhizoma], Oreocome striata (DC.) Pimenov and Kljuykov [ Apiaceae; chuanxiong rhizoma], and Neolitsea cassia (L.) Kosterm [Lauraceae; cinnamomi ramulus] with the main active metabolites of ginsenoside, ligustrazine, and cinnamaldehyde. Modern pharmacology (Yating et al., 2018) has demonstrated that ginsenoside Rb1 in P. ginseng C.A.Mey. Improves ventricular remodeling in CHF rats by affecting the expression of periostin proteins in myocardial tissues and inhibiting the TGF-β signaling pathway to slow CHF progression. Ligustrazine in O. striata (DC.) Pimenov and Kljuykov. Exerts anti-apoptotic effects and protects cardiomyocytes by regulating phosphatidylinositol 3-kinase/protein kinase B (Li et al., 2023), and inhibits the JAK kinase/signal transducer activator of transcription signaling pathway of hypertrophic cardiomyocytes to improve ventricular remodeling (Huajuan et al., 2023). Cinnamaldehyde in N. cassia (L.) Kosterm. Inhibits the release of histamine and prostaglandin E, and scavenges excessive oxygen free radicals to protect myocardial cell membranes and prevent myocardial damage (Chang et al., 2023). Substances extracted from N. cassia (L.) Kosterm. can reduce the expression of RhoA and ROCK2, and inhibit the phosphorylation of target molecules downstream of ROCK, thereby dilating central and peripheral blood vessels and reducing cardiac load (Liu et al., 2020). Different classes and sources of effective metabolites in SGCP can achieve multi-component, multi-pathway, and multi-target therapeutics through synergistic or complementary effects (Ning, 2019). Pharmacological experiments (Qian et al., 2018) have shown that SGCP can significantly improve the energy metabolism of the myocardium in rats with cardiac insufficiency after acute myocardial infarction, protect the myocardial mitochondria from lipid peroxidation, and reduce the content of plasma ET and Ang Ⅱ, improving the systolic and diastolic functions of the myocardium. SGCP may improve myocardial energy metabolism by reducing methylmalonic acid accumulation (Wang et al., 2022). In summary, SGCP can improve cardiac function through multiple pathways and has certain advantages in CHF treatment.
Four of the nine RCTs included herein reported adverse events in the SGCP and control groups, without a significant between-groups difference in these incidences. Therefore, SGCP can be considered safe for CHF treatment, with few side effects. At the same time, other clinical studies (Guo and Zhong, 2006; Zhou, 2016; Li, 2017) on SGCP have also proved that its liver and kidney functions before and after treatment are at normal levels. However, these studies were not conducted in recent years, and the side effects of many traditional Chinese medicines are still unclear due to the complex metabolites, resulted it difficult to explore. In addition, the short period of time in which the study was conducted may have contributed to the fact that no significant side effects were reported. Therefore, these reports of adverse events also indicate that the safety of SGCP needs further evaluation, in more high-quality studies.
4.1 Research implications
Based on these cumulative results, we recommend three areas for future studies of SGCP efficacy and safety in CHF treatment. First, regarding study design, random sequence generation and allocation should be strictly controlled, to reduce selective bias, and all researchers and participants should be blinded. Second, more trials comparing the efficacy of SGCP with other Chinese patent medicines in CHF treatment are needed. Finally, future studies of CHF treatment with SGCP should evaluate adverse reactions. Although most current trials have not reported serious adverse reactions, larger studies are required for verification.
4.2 Limitations
This study was not without limitations. First, the number of RCTs included was small, and the quality of evidence for some outcomes was not high; therefore, further high-quality RCTs are required to confirm the results. Second, because SGCP is a TCM compound, there were no international studies, and the included studies were all published in Chinese; thus, it is unknown whether CHF treatment with SGCP is affected by factors such as ethnicity, and multicenter international studies are required.
4.3 Conclusion
SGCP combined with conventional therapy can improve cardiac ejection function, increase treatment efficacy, and improve HF in patients with CHF, and has certain safety. However, low quality of current evidence means that further high-quality studies are needed to confirm the effectiveness of this treatment.
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Objective: This study aimed to elucidate the therapeutic effects of Huaier granules on hepatocellular carcinoma (HCC) within the Milan criteria in patients who underwent microwave ablation (MWA).Materials and methods: A total of 228 patients were included, with 97 in the Huaier group and 131 in the control group. We evaluated progression-free survival (PFS), overall survival (OS), and extrahepatic metastasis survival (EMS) using Kaplan–Meier (KM) curves with a log-rank test. Propensity Score Matching (PSM) and Stabilized Inverse Probability of Treatment Weighting (IPTW) were performed to minimize selection and confounding biases.Results: Following PSM, the 1-, 3-, and 5-year PFS rates in the Huaier and control groups were 83.5% vs 70.7%, 57.7% vs 42.6%, and 43.6% vs 31.9% (p = 0.030), respectively. The 1-, 3-, and 5-year OS rates were 98.9% vs 95.6%, 83.9% vs 72.3%, and 72.2% vs 53.7% (p = 0.023), respectively. The corresponding 1-, 3-, and 5-year EMS rates were 98.9% vs 93.4%, 91.7% vs 83.7%, and 91.7% vs 78.5% (p = 0.039), respectively. Stabilized IPTW analysis of KM curves yielded results similar to those of the PSM analysis. Additionally, administering Huaier granules for at least 6 months significantly improved PFS and OS.Conclusion: Huaier granules can reduce the risk of recurrence and improve the OS of patients with HCC within the Milan criteria following MWA. Administering Huaier granules for over 6 months proved beneficial.Keywords: complementary alternative medicine, traditional Chinese medicine, vanderbylia robiniophila (Murrill), poria rbiniophila (Murrill) ginns, trametes rbiniophila Murr, Huaier granule, hepatocellular carcinoma, microwave ablation
1 INTRODUCTION
Hepatocellular carcinoma (HCC) stands as one of the most prevalent cancers (Vogel et al., 2022) and ranks as the fourth leading cause of cancer-related mortality globally (Villanueva, 2019; Finn et al., 2020). While surgical interventions like hepatectomy or liver transplantation offer potential cures for HCC patients (Vibert et al., 2020), their applicability and feasibility are limited by factors such as anatomical constraints, inadequate liver function reserve (Lahat et al., 2014), scarcity of liver donors, and the necessity for lifelong immunosuppression (Kulik et al., 2018). In recent years, local thermal ablation techniques, including radiofrequency ablation (RFA) and microwave ablation (MWA), have emerged as viable alternatives for early-stage HCC treatment (Yang et al., 2020). Notably, MWA distinguishes itself with quicker heating over a larger volume, reduced vulnerability to heat sinks, and improved local perfusion compared to RFA (Tan et al., 2019). Despite these advantages, the overall prognosis for early-stage HCC patients undergoing MWA remains poor, with a 5-year recurrence rate reaching approximately 70% (Dong et al., 2023). Although various postoperative adjuvant therapies (AT) have been explored to enhance outcomes for HCC patients (Bruix et al., 2015; Omata et al., 2017; Chen et al., 2018; Heimbach et al., 2018), none have yet been endorsed as adjuvant therapy following MWA.
Botanical drugs play a vital role in the discovery of novel clinical drugs (Liu et al., 2019). Vanderbylia robiniophila (Murrill), also known as Poriar biniophila (Murrill) Ginns or Trametes rbinioiophila Murr, commonly referred to as Huaier, is a sandy beige mushroom found on tree trunks with a historical presence dating back nearly 1,600 years in ancient China (Wang et al., 2023). Similar to many medicinal fungi, Huaier encompasses a complex array of constituents, including polysaccharides, proteins, ketones, alkaloids, and more. Ongoing research on the active components highlights polysaccharides and proteoglycans as the primary bioactive substances. The predominant method for Huaier granules production involves aqueous extraction, yielding a composition containing 41.5% polysaccharide, 12.93% amino acid, and 8.72% water (Sun et al., 2013). The detailed constituents of Huaier extract include six monosaccharides and 18 amino acids (Sun et al., 2013; Qi et al., 2020), as outlined in Supplementary Material S1; Table 1. Additionally, sucrose, dextrin, and soluble starch are added to the aqueous extract of Huaier in a ratio of 2:2:1, forming a granule adjuvant known as Huaier granule.
TABLE 1 | Baseline Characteristics by treatment group in the total cohort, PSM cohort, and Stabilized IPTW cohort.
[image: Table comparing demographic and clinical variables among Huaier and control groups across total, PSM, and stabilized IPTW cohorts. Details include age, gender, BMI, AFP levels, and liver-related metrics with corresponding p-values. Variables assessed cover hepatopathy, albumin, bilirubin, ALT, AST, coagulation, platelet count, Child-Pugh classification, presence of cirrhosis, portal hypertension, tumor characteristics, and ablation route.]Currently, Huaier granules have secured approval in China, either as a standalone therapy or as part of traditional Chinese medicine (TCM) multitherapy, for a spectrum of cancers including gastric cancer (Wang et al., 2019; Hou et al., 2020), lung cancer (Jin et al., 2024), malignant lymphoma, osteosarcoma, leukemia (Wang et al., 2021), breast cancer (Yao et al., 2020), pancreatic adenocarcinoma (Zhou et al., 2020), colorectal cancer (Li B. et al., 2022), and liver cancer (Chen et al., 2018), sanctioned by the Chinese State Food and Drug Administration. Findings from both a multicenter randomized clinical trial and a retrospective study suggest that Huaier granules demonstrate potential in preventing HCC recurrence and extending overall survival (OS) post-resection (Chen et al., 2018; Luo and Hu, 2023). Although another retrospective study reported a significant prevention of early-stage HCC recurrence after thermal ablation with Huaier granules, it did not observe a prolonged OS (Wang et al., 2021). Notably, the study involved two thermal ablation techniques, including RFA and MWA, which may influence tumor recurrence and survival differently. In light of these limitations, our study aims to investigate the therapeutic effects of Huaier granules in HCC within Milan criteria following MWA.
2 MATERIALS AND METHOD
2.1 Study populations
We retrospectively collected data from patients who underwent laparoscopic or ultrasound-guided percutaneous MWA between 2012 and 2020 at the Department of General Surgery, Shengjing Hospital of China Medical University, selected from the electronic medical record database. All patients received a preoperative diagnosis of HCC via contrast ultrasound (US), enhanced multidetector computed tomography (CT), and enhanced magnetic resonance imaging (MRI) scans, accompanied by an alpha-fetoprotein (AFP) test. The diagnostic criteria for HCC are as follows: for lesions with a diameter ≤2 cm, there should be a presence of at least two imaging findings typical of HCC. For lesions with a diameter >2 cm, a minimum of one imaging finding typical of HCC is required. Typical imaging findings include enhanced lesions in the arterial phase (usually late arterial phase), significant strengthening, and a ‘fast in and fast out’ enhancement pattern, with a decrease in the portal vein and/or delayed phase. The inclusion criteria were as follows: (a) diagnosis of HCC; (b) within the Milan criteria: i) single tumor lesion ≤5 cm in diameter or 2-3 tumor nodules with a maximum diameter ≤3 cm. ii) No invasion of vessels or bile ducts. iii) Absence of lymph node or extrahepatic metastasis. (c) Complete ablation, defined as a postoperative imaging test showing an ablation zone with a margin (≥5 mm) covering the original tumor size and devoid of any HCC features. The exclusion criteria were as follows: (a) patients with cardiovascular disease or immune system disorders; (b) Child-Pugh score C; (c) repeated carcinoma; (d) open abdominal ablation; (e) hepatectomy combined with ablation; (f) other preoperative treatments; (g) postoperative anti-tumor drug or other Chinese medicine therapy; (h) abnormal renal function.
Demographic characteristics and clinical features, including sex, age, body mass index (BMI), alpha-fetoprotein (AFP), hepatopathy, platelet (PLT), albumin (ALB), total bilirubin (TBIL), alanine aminotransferase (ALT), aspartate aminotransferase (AST), prothrombin time (PT), Child-Pugh score, tumor size, tumor number, presence of cirrhosis, and presence of hypertension, were collected. The study adhered to the ethical guidelines of the Declaration of Helsinki and received approval from the Ethics Committee of Shengjing Hospital of China Medical University. Written informed consent was obtained from all the patients or their representatives for enrollment in this study. To protect patient privacy, we de-identified all data containing personal information, such as names, hospital IDs, and telephone numbers.
2.2 MWA procedure
All patients underwent US-guided percutaneous or laparoscopic MWA using a specialized cooled shaft system (ECO-100AI10, ECO Microwave System Co., Nanjing, China) with a maximum power of 80 W at 2,450 MHz in our institution. The system is equipped with real-time temperature monitoring and cooling circulation technology. The MWA procedures were performed by experienced hepatobiliary surgeons with 5–10 years of expertise in MWA. Prior to treatment, a thorough US examination was conducted for precise tumor localization and strategic treatment planning. Patients were given the option of percutaneous MWA or laparoscopic MWA based on tumor localization and their specific needs. The placement of the antenna during the procedure varied based on tumor diameter: for tumors with a 2 cm diameter, the antenna was centrally placed on the tumor. Tumors ranging from 2 to 3 cm in diameter had antennas placed on both sides. Tumors exceeding 3 cm underwent multiple overlapping ablations achieved by repositioning the antenna. The sequential placement on different areas of the tumor was tailored according to its size and shape. The surgical objective was to achieve complete tumor ablation, ensuring a margin exceeding 1 cm for each ablation. This meticulous approach aimed to optimize the effectiveness of the MWA treatment.
2.3 Taxonomy, complete species name, and synonymy of Huaier
Based on Index Fungorum (https://www.indexfungorum.org/names/NamesRecord.asp?RecordID=826677), Species Fungorum current name:
Vanderbylia robiniophila (Murrill) B.K. Cui and Y.C. Dai, in Cui, Li, Ji, Zhou, Song, Si, Yang & Dai 2019.
Basionym:
Trametes robiniophila Murrill 1907.
Position in classification:
Polyporaceae, Polyporales, Incertae sedis, Agaricomycetes, Agaricomycotina, Basidiomycota, Fungi.
Species Fungorum synonymy:
Trametes robiniophila Murrill, N. Amer. Fl (New York) 9(1): 42 (1907).
Polyporus robiniophilus (Murrill) Lloyd, Mycol. Writ (Cincinnati) 4(Letter 42): 12 (1912).
Perenniporia robiniophila (Murrill) Ryvarden, Mycotaxon 17: 517 (1983).
Poria robiniophila (Murrill) Ginns, Mycotaxon 21: 331 (1984).
2.4 Production of Huaier granules
Sucrose, dextrin, and soluble starch were meticulously combined with the aqueous extract of Huaier in a precise ratio of 2:2:1, resulting in the creation of a granule adjuvant known as Huaier granule. Produced by Jiangsu Qidong Gaitianli Pharmaceutical Co., Ltd., China, the recommended dosage was 20 g, administered three times a day. In the manufacturing process of Huaier granules, chromatographic fingerprint analysis played a pivotal role in illustrating the “plant equivalence” of the product concerning raw material preparation and quality control. This analysis ensured that the active constituents met the stringent requirements set forth by the State Food and Drug Administration of China (SFDA). From March 1993 to June 1994, a phase III clinical trial of Huaier Granules was conducted, holding the production certificate no. Z20000109. Notably, Huaier Granules received the first new drug certificate issued by the SFDA in 2002. Each production lot adhered to the Good Manufacturing Practice standards, complying with the quality assurance standards mandated by the SFDA (identification code: WS3-215 (Z-029)-2001(Z)-2012; ybz042020032009z-2012). Detailed fingerprints are provided in Supplementary Material S1.
2.5 Follow-up
Patients underwent re-examinations at the outpatient department of Shengjing Hospital, the inpatient department of Shengjing Hospital, or their local hospital 2 months after surgery. These follow-ups included US, CT, MRI, and monitoring of AFP levels. Subsequent examinations occurred every 3 months. Prognostic data and the cumulative use of Huaier granules were collected from the electronic medical record database or through follow-up appointments. Patients made decisions regarding the intake of Huaier granules based on their preferences and economic status at the time of discharge. Patients were categorized into Huaier and control groups based on the cumulative use of Huaier granules for more than 3 months during the follow-up period. For patients experiencing a relapse, treatment options were determined based on factors such as the number, size, and location of the tumor, as well as the patient’s liver function status. Progression-free survival (PFS) was defined as the duration from the end of the initial surgery to the earliest detection of tumor recurrence or the date of the last follow-up. OS was defined as the time elapsed from the end of the initial surgery to either the date of death or the last follow-up. Extrahepatic metastasis survival (EMS) referred to the span from the end of the initial surgery to the initial identification of extrahepatic tumor metastasis or the date of the last follow-up.
2.6 Propensity score matching and stabilized inverse probability of treatment weighting
To mitigate selection and confounding biases in our study, we employed propensity score matching (PSM) and stabilized inverse probability of treatment weighting (IPTW) (Reiffel, 2020). The propensity score (PS) was calculated using logistic regression, incorporating the following clinical features: sex, age, BMI, AFP, hepatopathy, Child-Pugh score, Cirrhosis, PLT, ALT, AST, presence of hypertension, presence of multiple tumors, and tumor size.
PSM was performed using a 1:1 ratio employing the nearest neighbor matching algorithm with an optimal caliper of 0.2 for both the Huaier and control groups. For Stabilized IPTW, the weighting coefficients for patients in the Huaier and control groups were PT/PS and (1 − PT)/(1 − PS) (PT = patients in the Huaier group/all patients), respectively. Details regarding the PSM and Stabilized IPTW analysis can be found in Supplementary Material S2. These methods were crucial in ensuring robustness and reliability in addressing biases during the evaluation of treatment outcomes.
2.7 Other statistical analyses
For continuous variables, mean ± standard deviation was used if they conformed to the normal distribution; otherwise, they were presented as median (quartile 25%, 75%). The comparison between the two groups for continuous data involved the t-test for normally distributed data and a non-parametric test for non-normally distributed data. Categorical variables were compared using Fisher’s exact test or the chi-square test. PFS, OS, and EMS were assessed using the Kaplan-Meier method with a log-rank test. The association between clinicopathological variables and PFS, OS, and EMS was assessed using univariate Cox proportional hazards regression analysis. Multivariate Cox proportional hazard regression analyses were performed to assess the relationship between Huaier granules and prognostic outcomes. R version 4.1.2 and SPSS version 26.0 (SPSS, Chicago, IL) were used for statistical analyses, with a significance level set at p < 0.05.
3 RESULTS
3.1 Baseline characteristics
A total of 228 patients (172 males and 56 females; age range: 32–80 years) were enrolled in this study (Figure 1). The patients were divided into the Huaier (n = 97) and control (n = 131) groups. After PSM, the Huaier and control groups were matched with 92 patients. After Stabilized IPTW, there were 96.6 patients in the Huaier group and 130.8 patients in the control group, respectively. The baseline clinical characteristics of the Huaier and control groups are listed in Table 1. No significant differences were found in Age, Sex, BMI, AFP, Hepatopathy, ALB, TBIL, ALT, AST, PT, PLT, Child-Pugh score, Cirrhosis, the presence of cirrhosis, the presence of hypertension, the presence of multiple tumors, tumor size, ablation route, whether in total cohort, in the PSM cohort, or in the Stabilized IPTW cohort (Table 1).
[image: Flowchart illustrating the selection criteria of HCC patients treated from 2012 to 2020. Initially, 1079 patients were identified, with 764 undergoing resection or resection combined with ablation and 5 undergoing thoracoscopy ablation. Of the 310 treated with microwave ablation, 20 had recurrent HCC, and 290 were primary cases treated within Milan criteria. Exclusions included postoperative treatments and high Ishak grade. A total of 228 patients were enrolled, divided into two groups: Hanxin group (97) and control group (131). After propensity score matching, both groups had 92 patients, with stabilized IPTW used.]FIGURE 1 | Flowchart of patient selection.
In the Huaier group, the median follow-up time was 42 months (ranged 4–105). During the follow-up period, 19 (19.6%) patients died, and 43 (44.3%) patients developed tumor progression, including 10 (10.3%) patients with local recurrence, 27 (27.8%) patients with intrahepatic recurrence, and 6 (6.2%) patients with extrahepatic recurrence. In the control group, the median follow-up time was 47 months (ranged 4–104), 44 (33.6%) patients died, and 79 (60.3%) patients developed tumor progression, including 17 (13.0%) patients with local recurrence, 40 (30.5%) patients with intrahepatic recurrence, and 22 (16.8%) patients with extrahepatic recurrence.
3.2 Comparison of PFS, OS, and EMS between the Huaier group and the control group
Before PSM or Stabilized IPTW, the cumulative 1-, 3-, and 5-year PFS rates in the Huaier and control groups were 83.3% vs. 70.9%, 57.5% vs. 42.1%, and 43.6% vs. 32.0%, respectively (p = 0.022, Figure 2A). The 1-, 3-, and 5-year OS rates were 99.0% vs. 96.9%, 84.7% vs. 72.8%, and 70.3% vs. 53.3%, respectively (p = 0.022; Figure 2D). The corresponding 1-, 3-, and 5-year EMS rates were 98.9% vs. 93.0%, 92.2% vs. 82.3%, and 92.2% vs. 78.4% (p = 0.022, Figure 2G), respectively.
[image: Nine Kaplan-Meier plots illustrate the survival analysis of different cohorts. Panels A-C show progression-free survival for total, PSM, and stabilized IPTW cohorts. Panels D-F present overall survival for the same cohorts. Panels G-I depict event-free survival. Blue lines represent the Score >6 group, and yellow lines indicate the Score ≤6 group. P-values are shown for each panel, indicating statistical significance. Follow-up time is measured in months.]FIGURE 2 | Differences in progression-free survival between the Huaier and control groups in the total cohort (A), PSM cohort (B), and Stabilized IPTW cohort (C). Similarly, differences in overall survival between the Huaier and control groups in the total cohort (D), PSM cohort (E), and Stabilized IPTW cohort (F). Additionally, differences in extrahepatic metastasis survival between the Huaier and control groups in the total cohort (G), PSM cohort (H), and Stabilized IPTW cohort (I).
After PSM, the cumulative 1-, 3-, and 5-year PFS rates in the Huaier and control groups were 83.5% vs. 70.7%, 57.7% vs. 42.6%, and 43.6% vs. 31.9% (p = 0.030, Figure 2B), respectively. The 1-, 3-, and 5-year OS rates were 98.9% vs. 95.6%, 83.9% vs. 72.3%, and 72.2% vs. 53.7%, respectively (p = 0.023; Figure 2E). The corresponding 1-, 3-, and 5-year EMS rates were 98.9% vs. 93.4%, 91.7% vs. 83.7%, and 91.7% vs. 78.5% (p = 0.039, Figure 2H), respectively.
Following Stabilized IPTW, the cumulative 1-, 3-, and 5-year PFS rates in the Huaier and control groups were 82.7% vs. 71.5%, 57.2% vs. 42.1%, and 44.8% vs. 31.5%, respectively (p = 0.021, Figure 2C). The corresponding 1-, 3-, and 5-year OS rates were 98.9% vs. 97.2%, 83.5% vs. 73.0%, and 66.8% vs. 53.8%, respectively (p = 0.042, Figure 2F). The corresponding 1-, 3-, and 5-year EMS rates were 97.8% vs. 93.3%, 91.0% vs. 83.2%, and 91.0% vs. 79.3%, respectively (p = 0.047, Figure 2I).
3.3 Association between Huaier granules and prognostic outcomes based on multivariate Cox regression analysis
The results of the univariate Cox regression analysis are presented in Supplementary Material S3; Table 1. Three models were established to assess the relationship between Huaier granules and prognostic outcomes with adjusting factors (p < 0.1, univariate analysis), and Huaier granules were found to be associated with better PFS [HR 95CI% 0.56 (0.38–0.82), p = 0.003], OS [HR 95CI% 0.55 (0.31–0.95), p = 0.032], and EMS [HR 95%CI 0.40 (0.16–0.99), p = 0.049] in the total cohort, as detailed in Table 2.
TABLE 2 | Multivariate Cox regression analysis of PFS, OS, and EMS in the total cohort.
[image: The table presents hazard ratios (HRs) and p-values for three outcomes: Progression-free survival (PFS), Overall survival (OS), and Extrahepatic metastasis survival (EMS). Each outcome is evaluated using a crude model and an adjusted model. For PFS, the crude model HR is 0.65 with p-value 0.024, and Model 1 shows HR 0.56 with p-value 0.003. For OS, the crude model HR is 0.54 with p-value 0.024, and Model 2 shows HR 0.55 with p-value 0.032. For EMS, the crude model HR is 0.34 with p-value 0.020, and Model 3 shows HR 0.40 with p-value 0.049.]3.4 Therapeutic effect of cumulative administration of Huaier granules on prognostic outcomes
The cumulative 1-, 3-, and 5-year PFS rates among the Huaier >6 months, Huaier 3–6 months and control groups were 87.9% vs. 76.1% vs. 70.9%, 62.6% vs. 45.3% vs. 42.1%, and 49.7% vs. 49.7% vs. 22.7% (Huaier >6 months vs. control, p = 0.011; Huaier 3–6 months vs. control, p = 0.486; Figure 3A). The cumulative 1-, 3-, and 5-year OS rates among the Huaier >6 months, Huaier 3–6 months, and control groups were 98.3% vs. 100.0% vs. 96.9%, 87.9% vs. 76.4% vs. 72.8%, and 73.7% vs. 57.3% vs. 53.3% (Huaier >6 months vs. control, p = 0.026; Huaier 3–6 months vs. control, p = 0.291; Figure 3B).
[image: Kaplan-Meier survival plots show cumulative survival over 60 months. Plot A illustrates progression-free survival (PFS), and Plot B depicts overall survival (OS). Both plots compare control, Huai'er 3.6 g, and Huai'er 6 g groups. The Huai'er 6 g group shows significantly better survival, with p-values of 0.011 for PFS and 0.026 for OS. Below each plot, a table lists the number of subjects at risk over time for each group.]FIGURE 3 | Differences in progression-free survival (A) and overall survival (B) among the Huaier >6 months group, Huaier 3–6 months group, and Control group in the total cohort.
We established two models with adjusting factors (p < 0.1 in the univariate analysis), the results showed Huaier >6 months was associated with better PFS [HR 95CI% 0.47 (0.30–0.75), p = 0.001] and OS [HR 95CI% 0.51 (0.27–0.97), p = 0.040], but Huaier 3–6 months was not [PFS, HR 95CI% 0.78 (0.46–1.33), p = 0.365; OS, HR 95CI% 0.63 (0.27–1.49), p = 0.295, Table 3]. Although the Huaier 3–6 months group was not associated with worse PFS [HR 95CI% 1.65 (0.46–1.33), p = 0.114; Supplementary Material S3; Table 2] and OS than Huaier > 6 m [HR 95CI% 1.21 (0.46–3.21), p = 0.704; Supplementary Material S3; Table 2], there was a significant linear trend between the duration of Huaier granules administration and prognostic outcomes (PFS, p for trend = 0.001; OS, p for trend = 0.032; Table 3 and Supplementary Material S3; Table 2).
TABLE 3 | Multivariate Cox regression analysis of the therapeutic effect of oral administration duration of Huaier granules on prognostic outcomes.
[image: Table comparing progression-free survival (PFS) and overall survival (OS) between control and Huaier treatment groups. The crude model and adjusted models report hazard ratios (HR) with 95% confidence intervals, P values, and P for trend. Huaier treatment for over six months shows significant improvement in both PFS and OS. Models are adjusted for gender, alpha-fetoprotein, grade, and other factors. Abbreviations provided.]3.5 Subgroup analysis in the total cohort
To further explore the effect of Huaier granules therapy on prognosis outcomes, including PFS and OS, we performed a multivariate Cox regression stratified analysis across various subgroups within the study population. Subgroup categorizations were based on age (<60 or ≥60 years), gender, AFP levels (≤400 or >400 ng/mL), tumor size (≤2 or >2 cm), presence of multiple tumors (no or yes), and the ablation route (laparoscopic or percutaneous). The results demonstrated a significant association between Huaier granules and a reduced risk of recurrence in specific subgroups, including male, age ≥60 years, AFP ≤400 ng/mL, tumor size >2 cm, single tumor, and percutaneous MWA (Figure 4). Furthermore, Huaier granules were associated with decreased mortality risk in specific subgroups, such as male, age <60 years, tumor size >2 cm, and percutaneous MWA (Figure 5). Notably, no subgroup exhibited a significant interaction with the administration of Huaier granules, affecting neither recurrence nor mortality outcomes. Therefore, we deemed it appropriate to reject the findings of the subgroup analyses.
[image: Forest plot displaying subgroup analysis of various factors on patient outcomes. Factors include gender, age, AFP levels, tumor size, multiple tumors, and ablation route. The plot shows adjusted hazard ratios (HR) with confidence intervals for each subgroup. Significant differences are noted for age under sixty (HR: 0.46, p = 0.022), tumor size (HR: 0.46, p = 0.005), and ablation route via percutaneous (HR: 0.48, p = 0.006). The plot indicates which subgroups favor braxier or non-braxier treatment.]FIGURE 4 | Subgroup analysis of progression-free survival in the total cohort based on multivariate Cox regression.
[image: Forest plot showing the effects of various subgroups on adjusted hazard ratios (HR) for a study. Subgroups include gender, age, AFP levels, tumor size, presence of multiple tumors, and ablation route. Horizontal bars represent confidence intervals, with squares indicating HR values. Significant findings are highlighted for tumor size (P = 0.019) and ablation route (P = 0.019).]FIGURE 5 | Subgroup analysis of overall survival in the total cohort based on multivariate Cox regression.
3.6 Treatment-related side effects
In the Huaier group, 25 (25.8%) patients reported treatment-related side effects. These included poor appetite (4.1% of patients), diarrhea (2.1%), nausea (4.1%), emesis (3.1%), dyspepsia (5.2%), fatigue (1%), and fever (6.2%). Conversely, in the control group, 29 (22.1%) patients reported treatment-related side effects, including poor appetite (5.3%), diarrhea (1.5%), naus43ea (4.6%), emesis (2.3%), dyspepsia (5.3%), fatigue (<1%), and fever (2.3%). Notably, there were no significant differences observed in the overall incidence of treatment-related side effects between the Huaier group and the control group (p = 0.904) (Table 4).
TABLE 4 | Comparison of treatment-related side effects in the Huaier and control group.
[image: Table comparing therapeutic-related side effects between Huaier (97 participants) and control groups (131 participants). Effects include poor appetite, diarrhea, nausea, emesis, dyspepsia, fatigue, and fever. Total side effects: Huaier group 25 (25.8%), control group 29 (22.1%). P-value is 0.904. Includes note on ablation and drug-related side effects timing.]4 DISCUSSION
The overall prognosis for early-stage HCC treated with MWA is commonly unfavorable (Dong et al., 2023). To improve outcomes in this patient population, adjuvant therapy becomes crucial. However, the prevalence of hepatic reserve dysfunction and cirrhosis among these patients adds complexity to treatment decisions (Aoki et al., 2020). The necessity for an adequate and safe ablation zone inevitably results in liver impairment. Therefore, selecting an adjuvant therapy with minimal impact on liver function is paramount.
The integration of traditional Chinese medicine, drawing on three thousand years of Chinese medical practice, has become a notable approach (Liu et al., 2019; Changou et al., 2021; Li K. et al., 2022). Huaier granules, classified as proprietary Chinese medicines, offer the advantages of low toxicity and convenient administration, demonstrating effectiveness in the comprehensive treatment of HCC (Lei et al., 2015; Chen et al., 2018; Zhou et al., 2018; Wang et al., 2021). A prior study indicated that Huaier granules extended PFS in early-stage HCC following thermal ablation (Wang et al., 2021). However, it is crucial to acknowledge the limitations of the aforementioned study. Firstly, its cohort nature introduced unadjusted selection bias. Despite attempts to address confounding bias through Cox multifactor regression, the results, even after adjusting for all risk factors, indicated no significant association between Huaier granules and improved PFS. Secondly, Huaier granules did not demonstrate a positive impact on OS, necessitating validation in further studies. Lastly, the study did not encompass patients with HCC undergoing laparoscopic MWA. These limitations underscore the need for additional research to provide a more comprehensive understanding of the potential benefits and drawbacks of Huaier granules in the adjuvant treatment of early-stage HCC.
Using PSM and Stabilized IPTW to calibrate the selection confounders, our study revealed significant differences in PFS, OS, and EMS between the Huaier and control groups (Reiffel, 2020). In Cox multivariate regression analyses, the results indicated that Huaier granules were associated with improved PFS, OS, and EMS after adjusting for all risk factors in the models. These findings affirm that Huaier granules can effectively prevent HCC recurrence within the Milan criteria following MWA, aligning with prior research. However, the ongoing controversy regarding whether Huaier granules enhance OS persists, necessitating further validation studies (Wang et al., 2021). Additionally, despite earlier evidence suggesting a positive linear dose-response relationship between the duration of Huaier granules administration and favorable outcomes, extended use may incur high costs and potential liver damage. Therefore, determining the minimum effective duration for Huaier granules becomes crucial. Our study discovered that administering Huaier granules for at least 6 months significantly improved prognosis. Regrettably, subgroup analyses suggested potential benefits for certain population subgroups, but the non-significant results of the interaction analyses indicated the unreliability of these subgroup analyses.
Numerous laboratory experiments have unveiled the potential mechanism behind Huaier’s anti-tumor therapy (Zhu et al., 2022; Luo et al., 2023; Jin et al., 2024; Li et al., 2024). This includes the downregulation of cyclin-dependent kinase, Cyclin D, β-catenin, and other cell cycle regulatory proteins, inducing G1/S phase arrest in HCC cells (Zhang et al., 2015; Bao et al., 2016; Hu et al., 2016; Niu et al., 2020; Xu et al., 2020). Additionally, Huaier has demonstrated the activation of the caspase cascade, leading to HCC cell apoptosis (Zhang et al., 2015; Bao et al., 2016; Xu et al., 2020). It further inhibits epithelial-mesenchymal transition, impeding HCC cell invasion and metastasis (Zheng et al., 2014; Li et al., 2015a). Moreover, Huaier enhances the anti-tumor activity of macrophages by promoting M1 activation and inhibiting macrophage polarization to M2 (Sun et al., 2013; Li et al., 2016; Yang et al., 2019; Zhang et al., 2020). Furthermore, it corrects immune disorders caused by tumor cells (Li et al., 2015b). These mechanisms provide a theoretical foundation for improving HCC prognosis through adjuvant therapy using Huaier granules (Li et al., 2020; Meng et al., 2020).
Our study has several limitations. Firstly, being a single-center retrospective study, despite employing PSM and Stabilized IPTW to mitigate confounding factors, eliminating interference entirely remains challenging. Secondly, the sample size imbalances among subgroups may compromise statistical efficiency for subgroup analyses, potentially yielding false-positive and false-negative results. Finally, we did not explore the impact of Huaier granules on postoperative tumor markers and related immune indexes. Therefore, future clinical trials should incorporate prospective and pre-designed subgroup protocols for a more comprehensive assessment.
In conclusion, our findings suggest that Huaier granules can significantly reduce the risk of recurrence and improve the OS of patients with HCC within the Milan criteria following MWA. Notably, the administration of Huaier granules for over 6 months demonstrated substantial benefits. While acknowledging these positive outcomes, the study’s limitations underline the need for cautious interpretation, and prospective trials with robust designs are warranted to further validate these findings.
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Background: Esophageal cancer (EC) is a major cause of cancer-related mortality in Taiwan and globally. Patients with EC are highly prone to malnutrition, which adversely affects their prognosis. While Chinese herbal medicine (CHM) is commonly used alongside conventional anti-cancer treatments, its long-term impact on EC patients with malnutrition remains unclear.Methods: This study utilized a multi-center cohort from the Chang Gung Research Database, focusing on the long-term outcomes of CHM in EC patients with malnutrition between 1 January 2001, and 31 December 2018. Patients were monitored for up to 5 years or until death. Overall survival (OS) rates were calculated using the Kaplan-Meier method. Overlap weighting and landmark analysis were employed to address confounding and immortal time biases. Additionally, the study analyzed prescription data using a CHM network to identify key CHMs for EC with malnutrition, and potential molecular pathways were investigated using the Reactome database.Results: EC patients with malnutrition who used CHM had a higher 5-year OS compared with nonusers (22.5% vs. 9% without overlap weighting; 24.3% vs. 13.3% with overlap weighting; log-rank test: p = 0.006 and 0.016, respectively). The median OS of CHM users was significantly longer than that of nonusers (19.8 vs. 12.9 months, respectively). Hazard ratio (HR) analysis showed a 31% reduction in all-cause mortality risk for CHM users compared with nonusers (HR: 0.69, 95% confidence interval: 0.50–0.94, p = 0.019). We also examined 665 prescriptions involving 306 CHM, with Hedyotis diffusa Willd. exhibiting the highest frequency of use. A CHM network was created to determine the primary CHMs and their combinations. The identified CHMs were associated with the regulation of immune and metabolic pathways, particularly in areas related to immune modulation, anti-cancer cachexia, promotion of digestion, and anti-tumor activity.Conclusion: The results of this study suggest a correlation between CHM use and improved clinical outcomes in EC patients with malnutrition. The analysis identified core CHMs and combinations of formulations that play a crucial role in immunomodulation and metabolic regulation. These findings lay the groundwork for more extensive research on the use of CHM for the management of malnutrition in patients with EC.Keywords: Chinese herbal medicine, Chinese herbal medicine network, pharmacology network, esophageal cancer with malnutrition, survival analysis
1 INTRODUCTION
Esophageal cancer (EC) remains among the top 10 leading causes of cancer-related mortality (Abnet et al., 2018). Globally, it is estimated that 45,000 cases of EC occurred in 2012, with incidence rates of 5.9 per 100,000 (Arnold et al., 2015). The treatment for EC has evolved from traditional approaches such as surgery and chemotherapy to now include targeted therapies and immunotherapies, improving patient outcomes and laying the foundation for precision medicine (Yang et al., 2020). Despite a recent decline in overall mortality rates, EC continues to demonstrate a disconcertingly low survival rate, estimated at 15%–25% (Domper Arnal et al., 2015; Cheng et al., 2018). Malnutrition is a critical factor and significantly influences the prognosis of patients with cancer (Bossi et al., 2021). Patients with EC are particularly susceptible to malnutrition, with prevalence rates ranging 29.7%–88% (Chen et al., 2018; Cao et al., 2021). Previous research has established a link between the nutritional status of patients with EC and their prognostic outcomes, especially for those in the terminal stages (Li et al., 2020; Okadome et al., 2020; Qiu et al., 2020; Jiang et al., 2021). The nutritional status profoundly affects postoperative outcomes and complications (Takeuchi et al., 2014; Yoshida et al., 2016; Horinouchi et al., 2022). Prior investigations have also delved into the implications of nutritional interventions in EC management (Chen et al., 2018; Qiu et al., 2020).
Considering the heightened risk of malnutrition in EC, assessment of the nutritional status of such patients is essential. Commonly employed markers for this evaluation include serum albumin, total lymphocyte count (TLC), and the Prognostic Nutritional Index (PNI) (Okadome et al., 2020). The PNI is derived from albumin levels and TLC. It offers a convenient method for risk stratification, identifying patients with moderate to severe malnutrition who are more susceptible to complications, affirming its role as an important prognostic biomarker (Okadome et al., 2020). A research indicated that PNI has a moderate predictive capacity for overall survival (OS), disease-free survival, and cancer-specific survival in patients with EC (Jiang et al., 2021).
Chinese herbal medicine (CHM) has been widely used as an adjunctive therapy among patients with diverse types of cancer. A well-established effect of CHM is its potential to mitigate gastrointestinal side effects and augment nutritional intake (Qi et al., 2015; Zhang et al., 2021; Wu et al., 2022). Research conducted thus far has primarily been focused on particular stages of EC. A retrospective clinical study has indicated that administration of a specified CHM formula concomitant with adjuvant chemoradiotherapy could enhance progression-free survival and OS in patients with stage II and III EC (Chang et al., 2017). Another study, which combined CHM with chemoradiotherapy for patients with advanced-stage EC, found a diminished frequency and severity of radiation-induced lung injury, better clinical outcomes, and an improved quality of life (Cui et al., 2016). Post esophagectomy, the integration of CHM has been correlated with improved 3-year OS rates, superior quality of life, and enhanced immune responses (Lu et al., 2006). Our prior research revealed that the administration of CHM appears both safe and advantageous for patients with stage IV EC, demonstrating increased 5-year OS rates (Chen et al., 2022b). Nonetheless, the effects of CHM on the OS metrics across all EC patient groups, particularly the malnourished subset, are yet to be fully investigated. While earlier studies postulated a possible role for CHM in hastening gastrointestinal recovery post esophagectomy, its influence on survival metrics remains unresolved (Hu et al., 2011).
This study aims to evaluate the potential role of CHM in managing EC patients with malnutrition. CHM prescription analysis was performed to disclose the core CHMs and propose the involvement of pharmacological pathways. The results of this investigation may be helpful in facilitating the management strategy and feasibility of CHM among EC patients with malnutrition, and may offer guidance and direction to clinicians for the treatment of these patients in the future.
2 MATERIALS AND METHODS
2.1 Data source
This study utilized data from Chang Gung Research Database (CGRD), which archives comprehensive electronic medical records from Chang Gung Memorial Hospital (CGMH) in Taiwan. CGRD encompasses patient demographics, diagnostic details for outpatient/emergency visits and admissions, prescribed medications, comorbidities, procedural interventions, nursing care, national health insurance reimbursements, laboratory data, and cancer registry (Shao et al., 2019). Specifically, the cancer registry in CGRD includes exhaustive information on dates of diagnosis, cancer stages, tumor sizes, dates of treatment modalities, types and dates of recurrence, and mortality dates (Lee et al., 2021). CGMH, the largest private hospital network in Taiwan, consists of nine medical institutes, offering coverage for approximately 20% and 34% of oncological and outpatient needs in Taiwan, respectively. This extensive coverage renders CGRD an ideal database for clinical research (Tsai et al., 2017; Chen et al., 2022a; Chen et al., 2022b; Lee et al., 2022).
Additionally, CGRD contains detailed records of CHM usage among patients at CGMH. All CHMs are classified into single herbs (SH) and herbal formulas (HF). HF are composed of SH in fixed proportions, as documented in traditional Chinese medicine (TCM) classics, such as Jia-Wei-Xiao-Yao-San, where the effects are the combined outcome of the 10 SH it contains. An SH refers to a single herb listed in the TCM pharmacopeia, for example, Hedyotis diffusa Willd, and SH typically exhibit fewer and more specific effects compared to HFs. In clinical practice, TCM practitioners can freely add SH to HF within a single prescription to mitigate potential adverse effects or to enhance the therapeutic benefits of HF. All CHMs are manufactured according to strict practices, which include stringent regulations to prevent renal or liver toxicity and contamination from substances like pesticides or heavy metals. All information regarding CHM used in Taiwan were obtained from the website of the Ministry of Health and Welfare (https://service.mohw.gov.tw/DOCMAP/CusSite/TCMLQueryForm.aspx).
2.2 Study population and ethical considerations
The International Classification of Diseases, 10th and Ninth Revision, Clinical Modification (ICD-9 and 10-CM) were used to determine the EC population. Patients diagnosed with EC (TNM staging, The American Joint Committee on Cancer versions 6 or 7; ICD-10-CM code: C15.0 -C16.2, ICD-9-CM code: 150) between January 2002 and December 2018 were included in the study. In contrast, patients aged <18 or ≥80 years, with errors in the diagnosis or death date, missing TNM staging records, missing PNI, or those who had died within 180 days from diagnosis were excluded. We first analyzed the OS among all patients with EC, and subsequently focused on those with PNI value < 45 (indicative of moderate to severe malnutrition). PNI is calculated based on the following equation (10 × serum albumin +0.005 × TLC). PNI <45 was also strongly correlated with diminished OS (Okadome et al., 2020). We classified the remaining eligible patients into two groups based on whether CHM was used after diagnosis. CHM users were defined as patients who received at least 1 treatment course with CHM during the study period. CHM nonusers were defined as those who did not receive treatment with CHM. The intention-to-treat design was applied to define CHM users and nonusers; therefore, it was not possible for patients to change group during the follow-up. The study design is shown in the flowchart (Figure 1). The Institutional Review Board of the Chang Gung Memorial Foundation in Taiwan approved the entire study protocol (approval number: 202300142B0C502). The provision of informed consent was deemed unnecessary due to the encryption of patient identifiers in the CGRD.
[image: Flowchart depicting the selection process for esophageal cancer patients from 2002 to 2018. Starting with 7,203 patients, several exclusions are made for age, diagnosis errors, missing TNM staging, and PNI data, resulting in 3,711 eligible patients. After further exclusions for high PNI and early death, 1,310 patients with low PNI remain. These are divided into 49 CHM users and 703 nonusers, with follow-up on 5-year all-cause mortality up to the end of 2019.]FIGURE 1 | Flow diagram of this study. Abbreviations: CHM, Chinese herbal medicine; PNI, Prognostic Nutrition Index.
2.3 Outcome assessment and study covariates
All eligible patients were followed up until the occurrence of the primary endpoint, up to 5 years after diagnosis, or the end of 2019 (Figure 1). This study focused on the 5-year OS of EC patients with malnutrition, measured from the diagnosis date to death by any cause. Demographic and clinical covariates, including gender, age, body mass index (BMI), comorbidities, lifestyle factors, and pretreatment medications, were extracted from CGRD. EC-specific covariates, including cancer stage, tumor dimensions, and initial therapeutic approaches, were also collated. Biochemical profiles indicative of baseline physiological and nutritional status (e.g., serum albumin levels, hemoglobin levels, platelet-to-lymphocyte ratio, neutrophil-to-lymphocyte ratio, and PNI) were obtained (Yodying et al., 2016; Pirozzolo et al., 2019; Okadome et al., 2020). The most adverse laboratory findings within 1 year preceding the diagnosis of EC were recorded. Furthermore, the identification of comorbidities was based on at least two outpatient visits or a single inpatient admission for conditions including hypertension, type 2 diabetes mellitus, myocardial infarction, chronic obstructive pulmonary disease, cirrhosis, hepatitis B, hepatitis C, chronic kidney disease, and cerebrovascular diseases within 1 year prior to the diagnosis of EC. The Charlson Comorbidity Index was employed as a comprehensive measure of comorbidities and a predictive marker for OS (Kim et al., 2020; Kubo et al., 2021). Diagnosis codes utilized in this investigation are enumerated in Supplementary Material S1. In patients with EC, treatment modalities were diverse, including chemotherapy, radiotherapy, and surgical interventions for tumor resection (e.g., localized therapy and partial/total esophagectomy with or without gastrectomy). Baseline nutritional status was assessed using pretreatment serum albumin levels, hemoglobin levels, and BMI (Lim et al., 2017). The roles of platelet-to-lymphocyte ratio and neutrophil-to-lymphocyte ratio as systemic inflammation markers and prognostic indicators in EC were also investigated (Yodying et al., 2016).
2.4 Bias assessment
To mitigate confounding bias, we matched CHM users and nonusers through propensity score-based (PS-based) models as sensitivity tests. The real-time nature of CGRD, involving the real-time collection of data from daily clinical practices at CGMH, effectively eliminates recall bias. Furthermore, the immortal time bias may raise a concern about results estimation due to the lack of specific guidelines for initiating CHM treatment in EC patients. The various intervals between diagnosis and CHM treatments may be erroneously considered part of a treatment’s efficacy since EC patients may be classified as CHM nonusers due to their short life span and inability to receive CHM treatment. The immortal bias may lead to a potential influence on the interpretation of results. For this reason, we carefully delineated periods in our research. Consequently, we excluded from our analysis any patients who died within the first 180 days of follow-up. This exclusion criterion was established by calculating the median time from diagnosis to the commencement of CHM treatment. Integration of CGRD data with those of the national death registry database, supported by the National Health Informatics Project, facilitates accurate tracking of patient outcomes, thereby obviating registration and removing detection biases concerning mortality data.
2.5 Statistical analysis
This study involved an outcome evaluation and a Chinese herbal medicine network (CMN) analysis based on prescriptions of CHM for these patients. Baseline demographics were presented as means with standard deviation (SD) for continuous variables and frequencies with percentages for categorical variables. Differences between CHM users and nonusers were assessed using Student’s t-test and Chi-Square tests. Propensity score (PS) with overlap weighting, calibrated for age, gender, comorbidities, BMI, and initial treatments, were employed to balance the baseline status between the two cohorts and address imbalances in case numbers (Li et al., 2018). These covariates were used to generate the probability of using CHM as PS; PS and 1-PS were assigned to weight CHM nonusers and users, respectively (Thomas et al., 2020). OS estimates were derived using the Kaplan-Meier method, and hazard ratio (HR) for all-cause mortality was computed using the Cox proportional hazards regression model. Adjusted HR (aHR) considered all pertinent covariates other than those employed for PS generation. Multivariate Cox proportional hazards regression, stratified by demographic factors and sensitivity tests using diverse models, reinforced the association between CHM usage and OS. PS-based models for sensitivity tests and subgroup analyses included varying PS weights and matching methods, such as average treatment effect, average treatment effect on the treated patients, overlap weighting, and kernel matching (Li et al., 2018). Additional models, based on varying populations, included all patients without landmark analysis and 90-day landmark analysis.
Moreover, core CHMs and possible pharmacologic mechanisms were identified through network pharmacology analysis. Initially, CMN was constructed to visually articulate the treatment principles and identify the core CHMs for EC. The methodology for assembling the CMN has been comprehensively demonstrated in our previous research, and this approach has been commonly used to explore core proteins within complicated protein-protein networks (Jeong et al., 2001; Chen et al., 2015; Guo et al., 2021). Briefly, we used association rule mining to determine prevalent combinations of CHMs, and graphically rendered and scrutinized the CMN using social network analysis. The CHMs were clustered based on their interrelations. Core CHMs were characterized by their high frequency of use and extensive connections within the network, signifying their concurrent prescription with other CHMs. Furthermore, the specific targets of each core CHM were analyzed to evaluate the molecular pathways influenced by CHM in EC patients with malnutrition. This involved a Gene Ontology and pathway over-representation analysis utilizing data from the Reactome database (Wu et al., 2010; Fabregat et al., 2017; Fabregat et al., 2018). The underlying hypothesis for the over-representation analysis posits that if a molecular pathway is pertinent, the proteins associated with this pathway should be present at a higher frequency than what would be expected by random chance. To determine the statistical significance of each identified pathway, the false discovery rate was computed using the Benjamini–Hochberg method. Pathways with a false discovery rate ≤0.05 were considered statistically significant. This analysis was conducted separately across 6 distinct clusters of CHMs. Furthermore, the open-source platform KNIME was utilized for database management, along with an application programming interface. This ensured access to the latest information regarding the interplay between CHM compounds and their molecular targets, and facilitated the pathway enrichment analysis (Berthold et al., 2009; Chen et al., 2015; Wu et al., 2021; Chen et al., 2022b). Additionally, Stata Statistical Software (release 16; StataCorp LLC, College Station, TX, United States) and NodeXL were employed to conduct statistical analysis and the CMN analysis in this study. The analysis revealed the core CHMs amidst the intricate web of CMN. p-values < 0.05 were assumed to indicate statistically significant differences.
3 RESULTS
3.1 Baseline demographic characteristics
From 1 January 2002 to 31 December 2018, 3,711 patients with EC were included in our investigation. In the terminal phase of our study, a focused analysis was conducted on 752 patients with EC exhibiting low PNI (<45), comprising 49 CHM users and 703 nonusers. Table 1 delineates the baseline demographic characteristics of EC patients with malnutrition. The comparative evaluation between the cohorts did not reveal statistically significant disparities in variables such as gender, age, BMI, comorbidities, lifestyle patterns, tumor dimensions, initial therapeutic interventions, and nutritional status (e.g., platelet-to-lymphocyte ratio and neutrophil-to-lymphocyte ratio). In terms of tumor stage, more than half of the patients in both groups were classified as advanced (TNM stage 3 and 4). Regarding the choice of treatment, about half of the patients in each group underwent radiotherapy and chemotherapy, with approximately 80% of them not undergoing tumor resection surgery. Most patients were male (95.9% and 94.3% of CHM users and nonusers, respectively). The mean age of patients was 54.7 years (SD: 10.0 years) and 56.3 years (SD: 10.3 years) for CHM users and nonusers, respectively. A majority of the patients in both groups were aged 41–60 years, accounting for 62.6% of the total eligible population. With respect to comorbid conditions, statistical analysis did not reveal significant differences in the prevalence of diabetes mellitus, hypertension, myocardial infarction, chronic obstructive pulmonary disease, cerebrovascular diseases, peripheral vascular disease, hepatitis B virus, hepatitis C virus, liver cirrhosis, and the Charlson Comorbidity Index between the two groups.
TABLE 1 | Baseline characteristics of patients with EC at high risk of malnutrition.
[image: A table comparing demographics, comorbidities, lifestyles, tumor characteristics, initial treatment, and biochemical profiles of patients divided into three groups: all patients, CHM nonusers, and CHM users. It includes details such as age, BMI, diseases, lifestyle factors, tumor size, TNM stage, treatment options, and various biochemical measures. The table helps identify differences between the groups with a p-value indicating statistical significance for each comparison.]Among patients with EC characterized by low PNI, a significant proportion was diagnosed with more advanced-stage disease (stage III: 44.5%, n = 335; stage IV: 28.7%, n = 216). The predominant initial therapeutic approaches consisted of chemotherapy and radiotherapy (54.5% and 49.5% of patients, respectively). Conversely, a mere 18.3% of patients in this cohort underwent surgical intervention as initial treatment. Statistical analysis did not reveal significant differences in the distribution of these treatment strategies between the two groups.
3.2 Use of CHM was associated with higher 5-year OS in EC patients with moderate to severe malnutrition
Prior to conducting our survival analysis in EC patients with malnutrition, we examined the survival rates among all patients with EC. Our findings indicated that CHM users were associated with a higher probability of 5-year OS compared with CHM nonusers (Supplementary Material S2). In our primary focus group of EC patients with malnutrition, 678 of the 752 patients had expired at the end of the 5-year follow-up period. Among the survivors, 11 were CHM users and 63 were nonusers. Under the landmark design, CHM users were associated with a higher probability of 5-year OS than CHM nonusers (without overlap weighting: 22.5% vs. 9%; with overlap weighting: 24.3% vs. 13.3%, log-rank test: p = 0.006 and 0.016, respectively) (Figure 2). The median OS was observed to be 19.8 months, in stark contrast to the 12.9 months recorded in the nonuser group (Figure 2). The HR analysis indicates that CHM users exhibited a 31% decrement in the risk of all-cause mortality in comparison with nonusers (HR: 0.69, 95% confidence interval [CI]: 0.50–0.94, p = 0.019) (Table 2). An extensive examination incorporating all pertinent covariates revealed that CHM users experienced a 67% reduced risk in all-cause mortality compared with nonusers (aHR: 0.33, 95% CI: 0.14–0.76, p = 0.009). Additionally, a duration-dependent trend was evident in the CHM user group; longer duration of usage was correlated with progressively lower all-cause mortality risk (aHR: 0.44, 95% CI: 0.27–0.70, p = 0.001) (Table 2). Furthermore, Table 3 illustrates that the correlation between CHM utilization and reduced risk of all-cause mortality remained consistent across various models and sampled populations of EC patients with malnutrition, as evidenced in the sensitivity and subgroup analyses (p < 0.05). These diverse models consistently demonstrated that patients utilizing CHM exhibited significantly better survival outcomes compared with those who did not use CHM.
[image: Two survival curves display overall survival over five years. The top graph shows a comparison between patients receiving chemotherapy and those with supportive care, with a median survival of 22.1 versus 17 months, respectively. The bottom graph includes an overlap weighting analysis, yielding a median survival of 22.5 versus 20.6 months. Each graph includes confidence intervals and hazard ratios, highlighting the statistical significance in favor of chemotherapy.]FIGURE 2 | Survival analysis among EC patients with malnutrition. (Above) Without overlap weighting. (Below) With overlap weighting. Abbreviations: CHM, Chinese herbal medicine; EC, esophageal cancer.
TABLE 2 | Risk of all-cause mortality among malnourished EC patients with different durations of CHM use.
[image: Table comparing hazard ratios (HR) and adjusted hazard ratios (aHR) for CHM use. All CHM users (n=49) show HR 0.69 with aHR 0.33. Nonusers (n=703) are the reference group. For CHM use ≤21 days (n=25), HR is 0.99 with aHR 1.08. For >21 days (n=24), HR is 0.44 with aHR 0.18. P-values are 0.019, 0.009, 0.961, 0.375, and 0.001. Abbreviations include CHM, CI, EC, HR, and aHR.]TABLE 3 | Sensitivity and subgroup analysis for the estimation of overall survival after CHM use.
[image: Table comparing different PS models and populations with hazard ratios (HR) and p-values. PS models include IPTW, ATT, Overlap weighting, and 1:5 PSM, with respective HRs and p-values: 0.69 (0.025), 0.67 (0.016), 0.68 (0.016), 0.70 (0.035). Populations include all patients without landmark design and with 90-day landmark analysis, showing HRs and p-values: 0.54 (0.000), 0.60 (0.001). Abbreviations: ATT, average treatment effect for the treated; CHM, Chinese herbal medicine; CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment weighting; PSM, propensity score matching.]3.3 CMN for EC patients with low PNI
This study revealed 665 prescriptions were made during the study period, involving 306 CHMs; the average number of CHMs used in each prescription was 6.9 (SD: 3.0). Table 4 lists the top 10 most commonly used CHMs. The most common CHM was H. diffusa Willd (39.8%), followed by Gui-Lu-Er-Xian-Jiao (25.9%), and Jia-Wei-Xiao-Yao-San (19.2%). The top 50 most common CHM–CHM combinations were used to construct the CMN (Supplementary Material S3), and social network analysis revealed the core CHMs (Figure 3). Table 5 shows the top 5 most commonly used CHM combinations. After clustering, the CHMs of each cluster are listed in Supplementary Material S4, and the composition of HF in the network is listed in Supplementary Material S5. Larger circles denote higher prevalence of CHMs in the CMN, wider connecting lines represent higher prescription frequency, and darker connection lines indicate stronger relationships between connected CHMs. The core CHMs among the 6 clusters could be identified based on their relatively high prevalence and more connections to other CHMs within clusters. By integrating CHM indications from CHM pharmacopeia into clustered CMN, we could determine the CHM features of each cluster. These included reinforcement of the healthy qi and elimination of pathogenic factors, harmonization of the liver and spleen, inhibition of acidity to relieve pain, promotion of digestion, clearance of heat and detoxification, and tranquilization (Figure 3).
TABLE 4 | Top 10 CHMs prescribed for EC patients with malnutrition (prescriptions, n = 665).
[image: Table listing Chinese herbal medicines (CHM) with count and prevalence percentage. Hedyotis diffusa leads with a count of 265 and 39.8% prevalence. Gui-Lu-Er-Xian-Jiao follows with 172 count and 25.9%. Jia-Wei-Xiao-Yao-San has 128 count and 19.2%. Other herbs listed include Salvia miltiorrhiza, Scutellaria barbata, Reynoutria multiflora, Fritillaria thunbergii, Sha-Shen-Mai-Dong-Tang, Bu-Zhong-Yi-Qi-Tang, and Suan-Zao-Ren-Tang, with prevalence ranging from 14.7% to 10.1%. Abbreviations include CHM for Chinese herbal medicine and EC for esophageal cancer.][image: Network diagram illustrating connections between various clusters of Chinese herbal medicines (CHMs), including Cluster 1 (orange), Cluster 2 (green), Cluster 3 (blue), Cluster 4 (yellow), Cluster 5 (pink), and Cluster 6 (purple). Each cluster focuses on different health benefits, like digestion, harmony of liver and spleen, and pain relief. Core CHMs of each cluster are highlighted, with varying bubble sizes representing prevalence. Legends indicate prevalence range from 5.3% to 39.8%.]FIGURE 3 | CMN of prescriptions for EC patients with malnutrition The width of connecting lines indicates the prevalence of each combination, and the color intensity indicates the confidence. A wider line denotes a higher prescription frequency of the CHM–CHM combination, while a darker line denotes a stronger relationship between connected CHMs. The size of a circle indicates the prevalence of each CHM, with larger circles denoting higher prevalence of CHMs. Abbreviations: CHM, Chinese herbal medicine; CMN, CHM network; EC, esophageal cancer.
TABLE 5 | Top 5 CHM–CHM combinations for EC with malnutrition.
[image: A table displays combinations of Chinese herbal medicines (CHM) labeled CHM A and CHM B, along with their prevalence percentages, confidence, and lift values. Combinations include "Hedyotis diffusa" with multiple CHM Bs like "Gui-Lu-Er-Xian-Jiao" having 21.5% prevalence, "Jia-Wei-Xiao-Yao-San," and "Reynoutria multiflora." Prevalence ranges from 8.9% to 21.5%, with confidence scores between 43 and 93.3, and lift values from 1.9 to 2.9. The table notes stronger connections with higher confidence and lift values. Abbreviations: CHM, Chinese herbal medicine; EC, esophageal cancer.]3.4 Proposed pharmacologic pathways according to the core CHMs
The potential molecular pathways involved in the effects of the core CHMs within 6 clusters were postulated based on their associated binding proteins (refer to Figure 4 and Supplementary Material S6 for details). Our findings indicate a significant role of these CHMs in mechanisms related to the immune system and metabolic pathways, particularly in Clusters 1, 2, and 4. Cluster 1 (reinforcement of healthy qi and elimination of pathogenic factors) and Cluster 2 (harmonization of the liver and spleen) exhibited the most substantial involvement in immune regulation, featuring 17 and 12 pathways, respectively. Cluster 4 (promotion of digestion) showed the greatest involvement in metabolic regulation, with a total of 21 pathways. In contrast, Cluster 3 (inhibition of acidity to relieve pain) and Cluster 5 (clearance of heat and detoxification) demonstrated a relatively lower association with immune and metabolic processes.
[image: Dot plot illustrating enriched biological pathways and biological processes in spleen comparing the impact of composite bovine serum-based medium and defined xeno-free medium, categorized into "Biological Pathway" and "Biological Processes." The enrichment significance is denoted by dot size and color, ranging from white to dark blue.  ]FIGURE 4 | Proposed pharmacologic pathways according to the core CHMs. Abbreviations: CHM, Chinese herbal medicine.
4 DISCUSSION
The present study evaluated the impact of CHMs on the survival of EC patients with moderate to severe malnutrition. Advanced tumors and poor nutritional status could potentially lead to variations in the prognosis; however, there were no statistical differences between CHM users group and nonusers group, indicating that the impact can be considered negligible. CHM users showed higher 5-year OS rates (22.5% without overlap weighting, 24.3% with overlap weighting) compared with nonusers (9% and 13.3%, respectively). CHM users had a significantly longer median OS than nonusers (19.8 vs. 12.9 months, respectively). HR analysis indicated a 31% risk reduction in all-cause mortality for CHM users compared with nonusers. In addition, aHR analysis revealed a 67% reduction in all-cause mortality risk among CHM users.
This is the first study of the long-term effects of CHMs on the survival of EC patients with malnutrition. Previous research has suggested that CHM has the potential to enhance the quality of life for patients with EC undergoing radiotherapy or chemotherapy, as well as ameliorate certain adverse events associated with such treatments (Yang et al., 2012; Yeh et al., 2014; Chen et al., 2016; Hsu et al., 2016). However, existing CHM studies have seldom focused on the malnourished population among patients with EC. The physical condition of these patients frequently results in an inability to complete the requisite oncological therapies, consequently leading to particularly poor prognosis (Li et al., 2020; Okadome et al., 2020; Qiu et al., 2020; Jiang et al., 2021). The nutritional status of a patient has a more significant impact in certain tumor types, such as EC and other gastrointestinal cancers, as well as head and neck malignancies. It reflects the complex interplay between tumor burden, inflammatory states, reduced caloric intake, and malabsorption (Suzuki et al., 2013; Bossi et al., 2021; Nishikawa et al., 2021). This paper serves as a critical augmentation to the existing body of literature, addressing this deficiency in research. The findings suggest that prolonged utilization of CHM improves OS for EC patients with malnutrition. Therefore, CHM could be considered as an adjunct therapy for the entire cohort of patients with EC, especially those suffering from malnutrition.
The Gastroenterological Society of Taiwan’s Consensus Statement on Nutrition Therapy in patients with EC recommends that preoperative nutritional support (e.g., tube feeding) for at least 7–10 days should be considered for patients at high risk of malnutrition (Chen et al., 2018). Further studies have demonstrated that nutritional interventions can significantly improve OS (Cox et al., 2016). Therefore, nutritional intervention is also mentioned in official treatment recommendations (Chen et al., 2018). Despite these advancements, the prognosis for EC remains poor. Considering that CHM can enhance nutritional absorption through different mechanisms mentioned in this article, future inclusion of CHM in current clinical treatment protocols, in conjunction with nutritional therapy, could result in further improvements.
To understand the mode through which CHM ameliorates the OS of EC patients with malnutrition, we analyzed relevant prescriptions dispensed to patients. Hedyotis diffusa Willd. emerged as the predominant CHM, prescribed in approximately 40% of cases. This prevalence is consistent with our previous findings in patients with stage IV EC (Chen et al., 2022b), underscoring the integral role of H. diffusa Willd. in the therapeutic regimen for EC. Nevertheless, a notable difference was observed in the second and third most prevalent prescriptions, namely, Gui-Lu-Er-Xian-Jiao and Jia-Wei-Xiao-Yao-San, respectively. Such variation exemplifies the quintessence of the “identification/syndrome differentiation and treatment” approach of TCM, a hallmark of the diagnostic and therapeutic philosophy of TCM that advocates “different treatments for the same disease” based on individualized patient assessments.
Due to the complexity of disease manifestations and the distinctive therapeutic characteristics of CHM, the prescriptions for EC patients with malnutrition appear to be diverse. This diversity emphasizes the importance of network pharmacology analysis in CHM. Through an examination of the interconnections among CHM, we identified 6 distinct clusters of CHMs and summarized their characteristics according to the pharmacological effects. Among these pharmacological effects, several key benefits include reinforcement of the healthy qi (also known as immune enhancement), fortification of the spleen (also known as anti-cancer cachexia), invigoration of the stomach (also termed digestive function promotion) and elimination of pathogenic factors (also known as anti-tumor activity). Previous research has indicated that cancer-associated malnutrition is commonly linked to the two physiological mechanisms of immune dysfunction and digestive metabolic dysregulation (Suzuki et al., 2013; Nishikawa et al., 2021). In cancers pertaining to the swallowing function, such as EC, an additional element concerning digestive tract compression and obstruction emerges. These 3 aspects precisely align with the therapeutic approach of CHM when treating such patients. This may explain the observed enhancement in OS for EC patients with malnutrition.
Immune function may play a pivotal role in nutrient absorption. Prior research has established a link between cachexia and the aberrations in inflammatory and immune responses induced by tumors. Several cytokines, such as TNF-α, IL-1, IL-6, and IFN-γ, have been implicated in the pathogenesis of cancer-associated cachexia, particularly in the mediation of muscle proteolysis (Suzuki et al., 2013; Baracos et al., 2018; Nishikawa et al., 2021). Our study elucidates that CHMs prescribed for EC with malnutrition exert their influence within the proposed immunological pathway, particularly those in Cluster “reinforcement of healthy qi and elimination of pathogenic factors” and Cluster “harmonization of the liver and spleen”. Bu-Zhong-Yi-Qi-Tang (Cluster “reinforcement of healthy qi and elimination of pathogenic factors”) induces divergent modulations in T lymphocyte functionality, concomitantly diminishing the levels of IL-6; this evidence highlights its immunoregulatory mechanisms (Mori et al., 1999; Liu et al., 2019). Panax ginseng C.A. Meyer (PG), contained in Gui-Lu-Er-Xian-Jiao, has been noted for its capacity to regulate tumor-associated immune responses (Wang et al., 2020; Zhao et al., 2022) and has also been proved to mitigate the symptoms of cancer cachexia by reducing the levels of pro-inflammatory cytokines TNF-α and IL-6 (Lu et al., 2020).
Furthermore, cancer cachexia is intricately linked to digestive and metabolic dysregulation, characterized by diminished food intake and metabolic changes (Baracos et al., 2018). Our investigation revealed that CHMs for EC patients with malnutrition play a critical role in metabolism-related pathways, particularly those in Cluster “harmonization of the liver and spleen” and Cluster “promotion of digestion”. For example, the third-ranked Jia-Wei-Xiao-Yao-San (Cluster “harmonization of the liver and spleen”) ameliorates symptoms in patients with functional dyspepsia and adjusts abnormal gastrointestinal functions (Qu et al., 2010; Chen et al., 2020). Studies on Shen-Ling-Bai-Zhu-San (Cluster “promotion of digestion”) revealed efficacy in mitigating histological damage to the colon and reversing pathological alterations in tight junctions and microvilli within the intestinal tract, thereby enhancing digestive metabolism (Ji et al., 2019; Qu et al., 2023).
Finally, CHM exhibits direct anti-cancer properties. It has the potential to delay the progression of tumor-induced compression, consequently postponing the impact on swallowing function. Hedyotis diffusa Willd. is renowned for its anti-cancer effects (Chen et al., 2008; Ye and Huang, 2012; Tao and Balunas, 2016), the extract of Scutellaria barbata D. Don induces apoptosis and inhibits autophagic processes within malignant cellular lines (Zhang et al., 2017; Liu et al., 2022), and PG can exerts anti-tumor effects on gastrointestinal tract tumors through multiple pathways (Ni et al., 2022).
However, this study has several limitations. Firstly, CGRD only encompasses CHM prescriptions issued by CGMH. Consequently, patients with EC receiving CHM or alternative therapies at local clinics or other medical institutions are not definitively accounted for, potentially leading to an underestimation of CHM usage. Secondly, in patients with advanced-stage EC, severe dysphagia may adversely impact the nutritional status and prognosis, introducing a potential selection bias and possibly inflating the effect size observed among CHM users. It is noteworthy that enteral feeding, rather than the parenteral route, is commonly preferred for nutritional support in patients with EC. Treatments with CHMs are compatible with various forms of enteral feeding (Bozzetti, 2010). Given that most patients with EC have an established enteral feeding pathway, and there are negligible differences in baseline serum albumin levels, hemoglobin levels, and PNI between CHM users and nonusers. Thirdly, since CHM is not a conventional treatment modality for EC, fewer people opt for CHM treatment, resulting in a lower number of CHM users in this study (49 users vs. 703 nonusers). To address this, we employed PS with an overlap weighting technique to balance the potential differences in demographic features of CHM users and nonusers without further losing eligible cases. Additionally, the absence of standardized guidelines for the initiation of CHM treatment could lead to immortal time bias. To counter this, the use of landmark analysis in this study further reduces the risk. Lastly, it must be emphasized that our study was retrospective and observational in nature, constrained by the limitations inherent to the database used. Consequently, further extensive randomized controlled trials focusing on specific SH or HF components are imperative to establish the concrete causal relationships between various CHM prescriptions and clinical outcomes.
5 CONCLUSION
The results of our study suggest a correlation between the utilization of CHM and enhanced clinical outcomes in patients suffering from EC with malnutrition. Additionally, our analysis through CMN identified core CHMs and combinations of formulations. These formulations play a pivotal role in immunomodulation and metabolic regulation. These findings may provide a foundation for more extensive clinical and fundamental research focused on the application of CHM in the management of malnutrition in patients with EC.
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Background: Gukang Capsule has been used as a complementary and alternative medicine (CAM) for the treatment of primary osteoporosis (POP) in China. The primary aim of this study was to assess the clinical effectiveness and safety of Gukang Capsule in POP patients.
Methods: A systematic search was conducted across multiple academic databases including PubMed, Web of science, Cochrane Library, China National Knowledge Infrastructure, Chongqing VIP Information, and Wanfang database to identify randomized controlled trials investigating the Gukang Capsule in the treatment of POP. The screening process, data extraction, and assessment of methodological quality were conducted independently by two reviewers. Statistical analysis was performed using the Rev Man 5.3 software. Subgroup analysis was carried out through the combination of OPF. Subgroup analysis was performed according to whether OPF were combined. Stata 12.0 was used for sensitivity and bias analysis.
Results: Nineteen studies were assessed that included 1804 participants. It was found that compared with the control group, the total effective rate (RR = 1.26, 95% CI, 1.20, 1.33), the Medical Outcomes Study Short-form 36 [RR = 1.26, 95% CI(1.20, 1.33)], the bone mineral density (BMD) of lumbar vertebra (SMD = 0.77, 95% CI, 0.48, 1.07), the BMD of femoral neck [SMD = 0.84, 95% CI(0.53, 1.14)], and the BMD of Ward’s triangle (SMD = 0.64, 95% CI, 0.44, 0.85) of the Gukang Capsule experimental group were higher. Compared with the control group, the fracture healing time (SMD = −2.14, 95% CI, −2.45, −1.84), the bone specific alkaline phosphatase (BALP) levels in serum (SMD = −2.00, 95% CI, −2.83, −1.17), the tartrate resistant acid phosphatase 5b (TRACP-5b) levels in serum (SMD = −2.58, 95% CI, −3.87, −1.29) of the Gukang Capsule experimental group were lower. The bone glaprotein (BGP) levels in serum (SMD = −0.22, 95% CI, −1.86, 1.43) and the adverse events (RR = 0.80, 95% CI, 0.40, 1.63) of the experimental group and the control group have no difference.
Conclusion: Gukang Capsule, as a CAM for the management of POP, exhibits the potential to enhance BMD and quality of life, expedite the healing time of OPF, diminish levels of BALP and TRACP-5b, and improve the total effective rate without increasing the adverse events.
Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023477774, PROSPERO CRD42023477774.
Keywords: primary osteoporosis, Gukang Capsule, systematic review, complementary and alternative medicine, randomized clinical trial

1 INTRODUCTION
Osteoporosis (OP) is a metabolic bone disease characterized by loss and decrease of bone mass, destruction of bone tissue microstructure, increased brittleness, and reduced flexibility predisposes to an increased risk of fractures (Johnston and Dagar, 2020). The main clinical manifestations of OP are joint pain in the lower back and extremities, often accompanied by pathological fractures (Anthamatten and PArish, 2019). The prevalence of OP has been on the rise, and it is associated with multiple complications and high recurrence and mortality rates. In recent years, the incidence of OP has gradually increased, especially among middle-aged and elderly individuals (Panahi et al., 2023). Primary osteoporosis (POP), a physiologic degeneration associated with aging [including postmenopausal psteoporosis (PMOP) and senile osteoporosis (SOP)], is the most common type of OP (Amarnath et al., 2023).
Primary osteoporosis (POP) treatment typically involves medications such as calcium, sex hormones, bisphosphonates, calcitonin, and fluoride (Qaseem et al., 2023). However, these approaches can be limited by adverse drug reactions, patient intolerances, and uncertainties about the long-term efficacy of some medications. In recent years, Traditional Chinese Medicine (TCM) has emerged as a promising alternative, with some proprietary Chinese medicines gaining popularity among doctors and patients due to their perceived ease of use, consistent therapeutic effects, and minimal side effects (Li et al., 2022; Jia et al., 2023).
Gukang Capsule is a TCM preparation combining a Miao folk prescription from Guizhou with modern pharmaceutical technology. It is currently listed in the National Medical Products Administration Standard of the People’s Republic of China [WS-10464 (ZD-0464) -2005–2012Z] as a Class B variety of the National Medical Insurance (Zhu et al., 2022). Clinically, Gukang Capsule is widely used in treating orthopedic diseases because it is easy to use, stable, and has few side effects. Although there are currently many clinical studies on Gukang Capsule-based POP treatment, there is still a dearth of relevant evidence-based medical data on Gukang Capsule efficacy and safety (Liu, 2020). In 2022, the Orthopedics and Traumatology Branch of the Chinese Society of TCM formulated an ‘Expert Consensus on the Clinical Application of Gukang Capsule in the Treatment of Osteoporosis’ to guide clinicians on rational drug use. However, the lack of clinical evidence limits the usefulness of the available recommendations (Zhu et al., 2022). Against this background, we conducted a meta-analysis on the efficacy and safety of orally administered Gukang Capsule in POP treatment using evidence-based medical data and insights.
2 MATERIALS AND METHODS
The systematic review was registered in PROSPERO (CRD42023477774). To ensure accurate reporting of Gukang Capsule in this analysis, we followed the guidance established in the consensus statement on the Phytochemical Characterization of Medicinal Plant extract (ConPhyMP) (Supplementary Material S1–S4).
2.1 Search strategy
Randomized Controlled Trials (RCTs) of Gukang Capsule in POP treatment were searched in PubMed, Web of science, Cochrane Library, China National Knowledge Infrastructure, Chongqing VIP Information, and Wanfang databases. The retrieval time was from the databases’ inception to 30 September 2023. We adopted the retrieval strategy of combined subject words and free words. The keywords included: ‘Gukang Capsule’ ‘Gukang Jiaonang’ ‘Osteoporosis’ ‘Osteoporosis, Postmenopausal’ ‘Senile Osteoporosis’ and ‘Osteoporotic Fracture (OPF)’. The search process is detailed in the Supplementary Material S5.
2.2 Inclusion and exclusion criteria
2.2.1 Inclusion criteria
(1) Study type: RCTs. (2) Participants: Patients definitively diagnosed with POP (PMOP, SOP, or OPF), bone mineral density (BMD) T value was ≤ −2.5 by dual-energy X-ray. (3) Control group: Any type of control group. (4) Experimental group: Treated with Gukang Capsule (orally administered) combined with other therapies. (5) Outcomes: Total effective rate, Short Form-36 Health Survey (SF-36), fracture healing time, BMD (lumbar vertebra, femoral neck, and Ward’s triangle), biochemical indices of serum bone metabolism [Bone Glaprotein (BGP), Bone Specific Alkaline Phosphatase (BALP), Tartrate Resistant Acid Phosphatase 5b (TRACP-5b)], and Adverse Events (AEs).
2.2.2 Exclusion criteria
(1) Duplicate publications. (2) Unavailable full-text literature. (3) Studies with incomplete data.
2.3 Literature screening and data extraction
Literature search and screening were independently performed by two reviewers (Zhenpu Wei and Zhiqiang Wang). Specifically, they extracted basic information, intervention measures, outcomes, and other relevant data. A third reviewer (Yanping Lin) was consulted for any inconsistencies.
2.4 Quality assessment of the included studies
Two reviewers (Zhenpu Wei and Yunmei Huang) performed the biased risk assessment using the bias risk assessment tool recommended in the Cochrane Manual (Zhu et al., 2018). The details assessed were as follows: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other relevant aspects. Each item was tagged as high risk, low risk, or unclear.
2.5 Statistical analysis
Clinical data were analyzed using Review Manager 5.3. Count data were evaluated using Relative Risk (RR) and 95% Confidence Interval (CI). Measurement data were analysed using the Standardised Mean Difference (SMD) and 95%CI (Huang et al., 2022). We further explored heterogeneity between the included studies. Studies were considered to have low variability if two conditions were met: 1) the I2 < 50%, and 2) the p-value >0.05. In cases with low variability, a fixed effects model was used to analyze the data. On the other hand, studies were considered to have high variability if either the I2 statistic was 50% or greater, or the p-value was greater than 0.05 (indicating a lack of statistical significance). When high variability was found, a random effects model was employed for data analysis (Cordero and Dans, 2020). Subgroup analyses were performed based on whether POP and OPF were combined. Sensitivity and bias analyses were performed using Stata 12.0 (Xu et al., 2009).
3 RESULTS
3.1 Search results
Our initial search identified 180 articles. After removing duplicates (62 articles), we screened the abstracts of the remaining 118 articles. This process excluded 73 articles, leaving 45 full-text articles for further evaluation. Following a thorough review, 19 articles were ultimately determined to meet the inclusion criteria for this study. (Wang et al., 2014; Wang et al., 2015; Yu et al., 2015; Shen, 2016; Yan, 2016; Chen, 2018; Li, 2018; Li et al., 2019; Ye, 2019; Zhao et al., 2019; Liao et al., 2021; Yue and Huang, 2021; Zhou et al., 2021; Cai et al., 2022; Li et al., 2022; Xu, 2022; He et al., 2023; Sun and Xie, 2023; Tian, 2023) (Figure 1).
[image: Flowchart illustrating the study selection process for a systematic review. It shows 180 records identified, with none from other sources. After removing duplicates, 118 records are screened, with 73 excluded. Forty-five full-text articles are assessed; 19 are included in qualitative synthesis and 10 in quantitative synthesis. Reasons for exclusion include study type, outcome duplication, and irrelevance.]FIGURE 1 | Flowchart of study selection.
3.2 Characteristics of the included studies
Herein, 1804 POP patients (906 and 898 patients in the experimental and control groups, respectively) were included. Two studies (Chen, 2018; Ye, 2019) included POP patients, five studies (Li, 2018; Zhao et al., 2019; Li et al., 2022; Xu, 2022; Tian, 2023) included SOP patients, three studies (Wang et al., 2014; Yu et al., 2015; Liao et al., 2021) included PMOP patients, and nine studies (Wang et al., 2015; Shen, 2016; Yan, 2016; Li et al., 2019; Yue and Huang, 2021; Zhou et al., 2021; Cai et al., 2022; He et al., 2023; Sun and Xie, 2023) included POP+OPF patients. Except for one study (Cai et al., 2022), which did not mention the drug source, the other 18 studies (Wang et al., 2014; Wang et al., 2015; Yu et al., 2015; Shen, 2016; Yan, 2016; Chen, 2018; Li, 2018; Li et al., 2019; Ye, 2019; Zhao et al., 2019; Liao et al., 2021; Yue and Huang, 2021; Zhou et al., 2021; Li et al., 2022; Xu, 2022; He et al., 2023; Sun and Xie, 2023; Tian, 2023) mentioned that the Gukang Capsule used were produced by Guizhou Weikang Zifan Pharmaceutical Co., Ltd. (SINomatol: Z20025657) (Table 1).
TABLE 1 | Characteristics of the included studies.
[image: Table summarizing various studies on osteoporosis treatments. Columns include study names, diagnoses, sample sizes, gender, ages, interventions, treatment durations, and outcomes. Interventions often involve calcium and vitamin supplements with Gukang capsules being a common experimental group addition. Treatment durations range from one to twelve months. Outcomes are indicated using symbols representing different health measures. The table notes abbreviations for terms like control group, experimental group, primary osteoporosis, and others.]3.3 Quality assessment
Twelve studies (Yu et al., 2015; Shen, 2016; Yan, 2016; Chen, 2018; Li, 2018; Li et al., 2019; Yue and Huang, 2021; Cai et al., 2022; Li et al., 2022; Xu, 2022; Sun and Xie, 2023; Tian, 2023) were grouped based on the random number table method (low risk), one study (Liao et al., 2021) were grouped based on the modular arithmetic method (low risk), one study (Ye, 2019) were grouped based on treatment protocol (high risk), and one study (Zhou et al., 2021) were grouped based on single or even numbers (high risk). Four studies (Wang et al., 2014; Wang et al., 2015; Zhao et al., 2019; He et al., 2023) did not mention the specific randomized methods used (unclear). Allocation hiding (high risk) was not implemented in 19 studies (Wang et al., 2014; Wang et al., 2015; Yu et al., 2015; Shen, 2016; Yan, 2016; Chen, 2018; Li, 2018; Li et al., 2019; Ye, 2019; Zhao et al., 2019; Liao et al., 2021; Yue and Huang, 2021; Zhou et al., 2021; Cai et al., 2022; Li et al., 2022; Xu, 2022; He et al., 2023; Sun and Xie, 2023; Tian, 2023). None of the 19 studies reported whether they were blinded (unclear). All studies (Wang et al., 2014; Wang et al., 2015; Yu et al., 2015; Shen, 2016; Yan, 2016; Chen, 2018; Li, 2018; Li et al., 2019; Ye, 2019; Zhao et al., 2019; Liao et al., 2021; Yue and Huang, 2021; Zhou et al., 2021; Cai et al., 2022; Li et al., 2022; Xu, 2022; He et al., 2023; Sun and Xie, 2023; Tian, 2023) had complete data (low risk), no selective reporting of findings (low risk), and no other sources of bias (low risk) (Figure 2).
[image: A chart visualizing various risks of bias in clinical trials. The top part is a grid with colored circles indicating low (green), unclear (yellow), or high (red) risk across different criteria and trials. The bottom part is a bar graph showing percentages of low, unclear, and high risk for each bias type, including selection, performance, detection, attrition, and reporting biases.]FIGURE 2 | The methodological quality of the included studies.
3.4 Results of meta-analysis
3.4.1 Total effective rate
The total effective rate was reported in 14 studies (Wang et al., 2014; Yu et al., 2015; Chen, 2018; Li, 2018; Li et al., 2019; Ye, 2019; Zhao et al., 2019; Liao et al., 2021; Zhou et al., 2021; Cai et al., 2022; Xu, 2022; He et al., 2023; Sun and Xie, 2023; Tian, 2023) involving 1,354 patients, including 824 patients with POP alone (414 patients in test group and 410 patients in control group) and 530 patients with OPF (266 patients in test group and 264 patients in control group). Heterogeneity analysis revealed good homogeneity (p = 0.85, I2 = 0%). The fixed effect model analysis showed that the total effective rate was higher in the experimental group than the control group [RR:1.26; 95% CI:1.20 to 1.33; p < 0.00 001]. The results of subgroup analysis showed that regardless of whether OPF was combined, adding Gukang capsule to the original treatment in the control group could improve the total effective rate [RR:1.28; 95%CI:1.19 to 1.37; p < 0.00 001], and [RR:1.25; 95% CI:1.16 to 1.34; p < 0.00 001] (Figure 3).
[image: Forest plot displaying a meta-analysis of studies related to primary osteoporosis and osteoporotic fractures. It includes study names, sample sizes, events, risk ratios, and confidence intervals. Diamonds summarize overall effects, with rightward lines indicating a higher risk in the experimental group. The plot compares the experimental and control groups, showing heterogeneity statistics and total effect size.]FIGURE 3 | Forest plot of total effective rate.
3.4.2 Quality of life
The Medical Outcomes Study Short-Form 36 (SF-36) is a general health parameter designed for use in health policy population surveys or evaluative studies. It contains 36 items covering both the physical and mental health aspects and is one of the world’s most commonly used standardized Quality of life measurement tools (Patel et al., 2007). Four studies (Li, 2018; Li et al., 2022; Xu, 2022; Tian, 2023) reported SF-36 scores. Heterogeneity analysis revealed variations (p = 0.002, I2 = 79%). The random effects model analysis showed that adding Gukang Capsule to the original treatment in the control group could improve the SF-36 scores for POP patients [SMD:1.07; 95% CI:0.61 to 1.53; p < 0.00 001] as well as their QoL (Figure 4).
[image: Forest plot comparing experimental and control groups across four studies. Each study shows mean differences with 95% confidence intervals. The overall effect size is 0.97 with a confidence interval of 0.43 to 1.53, indicating a positive effect. The plot includes study names, sample sizes, and weights, with a diamond shape representing the overall effect estimate.]FIGURE 4 | Forest plot of SF-36.
3.4.3 Fracture healing time
Three studies (Wang et al., 2015; Shen, 2016; Yan, 2016) reported the fracture healing time. Heterogeneity analysis revealed good homogeneity (p = 0.34, I2 = 8%). The fixed effect model analysis showed that adding Gukang Capsule to the original treatment in the control group could shorten the fracture healing time for OPF patients [SMD:-2.14; 95% CI:-2.45 to −1.84; p < 0.00 001] (Figure 5).
[image: A forest plot showing standardized mean differences and confidence intervals for three studies comparing experimental and control groups. All studies indicate a shift favoring the experimental group. The combined effect size is statistically significant, with a diamond symbol on the plot indicating an overall advantage for the experimental intervention.]FIGURE 5 | Forest plot of the fracture healing time.
3.4.4 Lumbar vertebra BMD
Eleven studies (Wang et al., 2014; Yu et al., 2015; Yan, 2016; Chen, 2018; Li, 2018; Ye, 2019; Zhao et al., 2019; Yue and Huang, 2021; Cai et al., 2022; Li et al., 2022; Xu, 2022) reported lumbar vertebra BMD, involving 1,068 patients, including 778 patients with POP alone (391 patients in test group and 387 patients in control group) and 290 patients with OPF (147 patients in test group and 143 patients in control group). Heterogeneity analysis revealed variations (p < 0.00 001, I2 = 82%). The random effects analysis showed that the lumbar vertebra BMD was higher in the experimental group than the control group [SMD:0.77; 95% CI:0.48 to 1.07; p < 0.00 001]. Subgroup analysis results showed that adding Gukang Capsule to the original treatment in the control group could improve the lumbar vertebra BMD regardless of whether POP and OPF were combined [SMD:0.83; 95% CI:0.43 to 1.23; p < 0.0 001], and [SMD:0.60; 95% CI:0.36 to 0.84; p < 0.00 001] (Figure 6).
[image: Forest plot showing the standardized mean differences in studies analyzing primary osteoporosis and primary osteoporotic fracture. Each study's effect size and confidence interval are plotted, with an overall combined estimate at the bottom. The diamond shapes represent the overall effect sizes, and the line of no effect is centered at zero. Results are shown for both experimental and control groups with test for heterogeneity and overall effect.]FIGURE 6 | Forest plot of lumbar vertebra BMD.
3.4.5 Femoral neck BMD
Nine studies (Yu et al., 2015; Yan, 2016; Chen, 2018; Ye, 2019; Zhao et al., 2019; Yue and Huang, 2021; Cai et al., 2022; Li et al., 2022; Xu, 2022) reported femoral neck BMD, involving 925 patients, including 535 patients with POP alone (269 patients in test group and 266 patients in control group) and 290 patients with OPF (147 patients in test group and 143 patients in control group). Heterogeneity analysis revealed variations (p < 0.0 001, I2 = 77%). The random effects model analysis showed that the femoral neck BMD was higher in the experimental group than the control group [SMD:0.84; 95% CI:0.53 to 1.14; p < 0.00 001]. Subgroup analysis showed that adding Gukang Capsule to the original treatment in the control group could improve the femoral neck BMD regardless of whether POP and OPF were combined [SMD:1.00; 95% CI:0.58 to 1.41; p < 0.00 001], and [SMD:0.52; 95% CI:0.29 to 0.76; p < 0.0 001] (Figure 7).
[image: Forest plot displaying a meta-analysis of studies on primary osteoporosis and osteoporotic fracture. Each study shows the mean, standard deviation, and total for experimental and control groups, along with weight percentages. The right side features a graph with squares and diamonds indicating effect size and confidence intervals. The bottom diamond shows the overall effect, leaning towards favoring the treatment group. The plot provides a visual summary of comparative effectiveness with confidence intervals.]FIGURE 7 | Forest plot of femoral neck BMD.
3.4.6 Ward’s triangle BMD
Four studies (Yan, 2016; Chen, 2018; Cai et al., 2022; Xu, 2022) reported Ward’s triangle BMD, involving 388 patients, including 198 patients with POP alone (99 patients in test group and 99 patients in control group) and 190 patients with OPF (96 patients in test group and 94 patients in control group). Heterogeneity analysis revealed good homogeneity (p = 0.30, I2 = 18%). The fixed effect model analysis showed that Ward’s triangle BMD was higher in the experimental group than the control group [SMD:0.64; 95% CI:0.44 to 0.85; p < 0.00 001]. Subgroup analysis showed that adding Gukang Capsule to the original treatment in the control group could improve Ward’s triangle BMD regardless of whether POP and OPF were combined [SMD:0.77; 95% CI:0.48 to 1.06; p < 0.00 001], and [SMD:0.52; 95% CI:0.23 to 0.81; p = 0.0004] (Figure 8).
[image: Forest plot showing the standardized mean differences for two subgroups: "Primary osteoporosis" and "Primary osteoporotic fracture." Each study displays confidence intervals and weights. An overall effect estimate is marked with a diamond, indicating a point estimate on the horizontal axis. The plot indicates heterogeneity and statistical significance for both subgroups.]FIGURE 8 | Forest plot of Ward’s triangle BMD.
3.4.7 Serum BGP levels
The BGP is a specific biochemical index reflecting bone formation. It is involved in bone resorption regulation, matrix mineralization, and osteoblast differentiation and is related to bone turnover. Clinically, serum BGP levels are correlated with changes in osteogenic function. Anti-bone resorption drugs and bone formation stimulation therapy can decrease and increase BGP levels, respectively (Eastell and Hannon, 2008). Eight studies (Wang et al., 2015; Yan, 2016; Li, 2018; Yue and Huang, 2021; Li et al., 2022; Xu, 2022; Sun and Xie, 2023; Tian, 2023) reported serum BGP levels, involving 789 patients, including 409 patients with POP alone (205 patients in test group and 204 patients in control group) and 380 patients with OPF (191 patients in test group and 189 patients in control group). Heterogeneity analysis revealed significant variations (p < 0.00 001, I2 = 99%). The random effects model analysis showed no difference in serum BGP levels between the experimental and control groups [SMD:-0.22; 95% CI:−1.86 to 1.43; p = 0.79]. Subgroup analysis showed that adding Gukang Capsule to the original treatment in the control group did not impact the serum BGP levels regardless of whether POP and OPF were combined [SMD:−1.79; 95% CI:−4.48 to 0.91; p = 0.19], and [SMD:1.34; 95% CI:−0.81 to 3.49; p = 0.22] (Figure 9).
[image: Forest plot illustrating a meta-analysis of studies on primary osteoporosis and osteoporotic fracture. Each study is represented by a line, with a point estimate and confidence interval. The plot compares effects in experimental vs. control groups. Most studies indicate a tendency towards favoring the experimental intervention. The overall effect, shown at the bottom, is summarized with a diamond shape spanning both sides of the line of no effect. Various statistics, including mean differences, weights, and confidence intervals, are displayed alongside the plot.]FIGURE 9 | Forest plot of serum BGP levels.
3.4.8 Serum BALP levels
The BALP is an extracellular enzyme in osteoblasts. Its primary role is to hydrolyze phosphatase during osteogenesis, providing phosphoric acid for depositing hydroxyapatite, which is conducive for bone formation. Osteoblasts synthesized a large amount of alkaline phosphatase when bone mineralization was hindered, significantly increasing the serum BALP levels (Lumachi et al., 2009). Furthermore, OP treatment with diphosphonates can decrease the BALP levels. Five studies (Li, 2018; Ye, 2019; Cai et al., 2022; Li et al., 2022; Xu, 2022) reported serum BALP levels, involving 534 patients, including 416 patients with POP alone (210 patients in test group and 206 patients in control group) and 118 patients with OPF (60 patients in test group and 58 patients in control group). Heterogeneity analysis revealed variations (p < 0.00 001, I2 = 93%). The random effects model analysis demonstrated that the serum BALP levels were lower in the experimental group than the control group [SMD:−2.00; 95% CI:−2.83 to −1.17; p < 0.00 001]. Subgroup analysis showed that adding Gukang Capsule to the original treatment in the control group could reduce the serum BALP levels regardless of whether POP and OPF were combined [SMD:−1.70; 95% CI:−2.48 to −0.93; p < 0.0 001], and [SMD:−3.21; 95% CI:−3.76 to −2.66; p < 0.00 001] (Figure 10).
[image: Forest plot showing the standard mean difference and 95% confidence intervals for several studies comparing experimental and control groups. Each study is listed with its mean, standard deviation, total, weight, and number of patients. The plot includes both primary and secondary osteoporotic fracture outcomes, with an overall summary estimate depicted by a diamond at the bottom, indicating a negative effect favoring the experimental group.]FIGURE 10 | Forest plot of serum BALP levels.
3.4.9 Serum TRACP-5 levels
The TRACP-5b is a specific and highly sensitive second-generation bone resorption marker. In POP patients, osteoclast activity was increased, bone remodeling was unbalanced, bone resorption exceeded bone formation, and the serum TRACP-5 levels were significantly increased and negatively correlated with BMD (Linossier et al., 2022). Four studies (Li, 2018; Zhao et al., 2019; Xu, 2022; Tian, 2023) reported serum TRACP-5b levels, involving 439 patients, including 321 patients with POP alone (161 patients in test group and 160 patients in control group) and 118 patients with OPF (60 patients in test group and 58 patients in control group). Heterogeneity analysis revealed variations (p < 0.00001, I2 = 96%). The random effects model analysis showed that the serum TRACP-5b levels were lower in the experimental group than the control group [SMD:-2.58; 95% CI:−3.87 to −1.29; p < 0.0 001]. Subgroup analysis showed that adding Gukang Capsule to the original treatment in the control group could reduce the serum TRACP-5b levels regardless of whether POP and OPF were combined [SMD:−2.94; 95% CI:−4.79 to −1.10; p = 0.002], and [SMD:-1.54; 95% CI:−1.95 to −1.13; p < 0.00 001] (Figure 11).
[image: Forest plot displaying standardized mean differences for primary osteoporosis treatments. The plot includes studies on subgroups like primary osteoporosis and osteoporotic fracture. Each study's results are shown with squares proportional to study weight; the overall effect is shown with a diamond. Confidence intervals cross the zero line in some cases, and summary estimates are provided for each subgroup and overall effect.]FIGURE 11 | Forest plot of serum TRACP-5b levels.
3.4.10 Adverse events
Five studies (Yan, 2016; Yue and Huang, 2021; Li et al., 2022; Xu, 2022; He et al., 2023) reported AEs, involving 454 patients, including 204 patients with POP alone (102 patients in test group and 102 patients in control group) and 250 patients with OPF (126 patients in test group and 124 patients in control group). Heterogeneity analysis revealed good homogeneity (p = 0.93, I2 = 0%). The fixed effect model analysis revealed no difference in the AEs between the experimental and control groups [RR:0.80; 95% CI:0.40 to1.63; p = 0.55]. Subgroup analysis showed that adding Gukang Capsule to the original treatment in the control group had no impact on AEs regardless of whether POP and OPF were combined [RR:0.80; 95% CI:0.22 to 2.89; p = 0.73], and [RR:0.81; 95% CI:0.35 to 1.88; p = 0.62] (Figure 12).
[image: Forest plot showing risk ratios for two subgroups: primary osteoporosis and primary osteoporotic fracture. The plot compares events in experimental vs. control groups. Diamonds and horizontal lines demonstrate confidence intervals. The overall effect favors experimental treatment.]FIGURE 12 | Forest plot of adverse events.
3.5 Sensitivity analysis
Sensitivity analysis was performed for each outcome by eliminating one study at a time and recombining the statistics. No significant change was observed in all outcomes, implying the stability of the study results (Figure 13).
[image: Nine graphs display various data for groups including control, low-dose, middle-dose, high-dose, and elcatonin across different measures like total effectiveness rate, SF-36, fracture healing time, and bone mineral density at different sites. Additional graphs show levels of BGP, BALP, TRACP-5 in serum, and adverse events. Each graph includes error bars and standard deviation indicators.]FIGURE 13 | Sensitivity analysis of each outcome.
3.6 Publication bias
Funnel plots are a graphical tool used to assess publication bias in a meta-analysis. They depict the relationship between the effect size (strength of the observed effect) of individual studies and their standard error (a measure of the study’s precision). In the absence of publication bias, the plot ideally resembles a symmetrical inverted funnel. Smaller studies, typically with higher standard errors, would be scattered at the bottom, while larger and more precise studies would cluster towards the top. Deviations from this symmetrical shape, particularly a narrower funnel at the bottom, can suggest publication bias. This bias occurs when studies with statistically non-significant results (those that do not show a strong effect) are less likely to be published, leading to an overestimation of the overall treatment effect (Hopp, 2015). The publication bias funnel plot was drawn using the total effective rate. The distribution of scattered points in each study was asymmetrical, implying potential publication bias (Figure 14A). Egger’s test is a statistical test used to quantify the funnel plot asymmetry and provide a more objective assessment of publication bias. A significant result from Egger’s test suggests the presence of publication bias (Hopp, 2015). The Egger’s test was used to quantify each outcome’s bias. According to the results, the P>|t|-values of serum BALP levels and serum TRACP-5b levels were <0.1, indicating potential publication bias. The P>|t|-values of the other outcomes were >0.1, implying no significant bias. Publication bias may be the result of concealing negative results. (Figure 14B). Since positive results are more likely to be published and cited, negative results are often overlooked or not readily available, which may lead to the bias of meta-analysis results.
[image: A series of graphs and charts analyzing primary and other specified osteoporosis. Panel A presents a funnel plot with different subgroups indicated. Panel B includes multiple line graphs showing analysis on factors like total effective rate, bone mineral density (BMD) of various sites, bone turnover markers in serum (BGP, BALP, TRACP-5), and adverse events, each plotted against logarithmic odds ratios.]FIGURE 14 | Publication bias analysis. (A) Funnel plot of the total effective rate; (B) Egger test results of each outcome.
4 DISCUSSION
Bone mass naturally declines with age as part of the ongoing physiological processes of growth, development, and aging. This leads to an acceleration in bone turnover, resulting in increased bone loss. OPFs are a major complication of OP and the most evident consequence of this decline in bone strength. Notably, OPFs most commonly occur in the vertebrae, hip, and distal radius (Spiegl et al., 2021). Although OP can be managed through lifestyle practices such as exercises and sufficient intake of calcium and vitamin D, medications have been developed for the treatment of OP. Given its multi-component, multi-target, high safety, and unique advantages in treating chronic illnesses and complications, TCM has gradually become a Complementary and Alternative Medicine (CAM) for OP treatment (Li et al., 2022; Jia et al., 2023). Gukang Capsule is a common Chinese patent medicine for clinically treating OP in China. The main Gukang Capsule ingredients include Rhizoma musae [Musaceae; Musa basjoo], Notoginseng radix et rhizoma [Araliaceae; Panax Notoginseng (Burk.) F. H. Chen Ex C. Chow], Oxalis corniculata L. [Oxalidaceae; Oxalis lata L.], Psoraleae fructu [Leguminosae; Psoralea corylifolia L.] and Dipsaci radix [Dipsacaceae; Dipsacus asper Wall. ex Henry].
4.1 Effectiveness of GC in treating POP
Yang et al. (2018) explored the Gukang Capsule effects on the proliferation, differentiation, and mineralization of human osteoblast SaOS-2 cultured in vitro. The results showed that GC can promote osteoblast proliferation, differentiation, and mineralization. Furthermore, a literature search revealed that Gukang Capsule can be used in combination with calcium, vitamin D, bisphosphonates, or calcitonin in POP treatment. Overall, Gukang Capsule has been reported in several studies to exert a good curative effect in POP patients. However, the conclusions of these studies are often not evidence-based and unconvincing due to the influence of inconsistent treatment methods, and insufficient sample sizes. Herein, 19 RCTs (1804 patients) were reviewed to further elucidate Gukang Capsule efficacy in treating POP. Compared to the control group, treatment with Gukang Capsule resulted in several positive outcomes. These included increased BMD in the lumbar vertebrae, femoral head, and Ward’s triangle, improved quality of life, shortened healing time for OPFs, and a higher total effective rate. Furthermore, a meta-analysis of serum bone metabolism markers revealed that Gukang Capsule may regulate bone formation and resorption. This is evidenced by reductions in levels of bone ALP (BALP) and TRACP-5b, which are indicators of these processes.
The Standardization Office of the Chinese Society of Traditional Chinese Medicine systematically combed the clinical and basic research results of Gukang Capsule since its listing, and formed the ‘Expert Consensus on the clinical application of Gukang Capsule in the Treatment of Osteoporosis’ on the basis of full consideration of clinical research evidence and expert experience. This consensus statement outlines the recommended use of Gukang Capsule for treating OP. It defines the ideal patient characteristics, typical symptoms, and disease stages suitable for Gukang Capsule therapy. Moreover, it specifies the recommended dosage, treatment duration, potential interactions with other medications, and any necessary precautions for safe use. Furthermore, the statement clarifies when Gukang Capsule is contraindicated (Zhu et al., 2022). The consensus points out that Gukang capsule in the treatment of OP can improve the bone mineral density of patients (strongly recommendation), improve the level of bone turnover markers (β-CTX, PINP, N-MID-OT, 25(OH)D) and bone metabolism biochemical indicators (BGP, BALP, TRACP-5b) of patients (weak recommendation). Gukang capsule in the treatment of osteoporosis can relieve pain, improve dysfunction, improve patients’ quality of life (strongly recommended). When Gukang capsule is used in combination with other drugs, the therapeutic effect is more significant (strongly recommended) (Zhu et al., 2022).
4.2 Safety of Gukang capsule in treating POP
An acute drug toxicity test and long-term drug experiment showed that Gukang Capsule did not pose an acute toxicity risk or delay drug toxicity (Zhu et al., 2022). Additionally, a study was conducted on the effect of Gukang Capsule on drug transporter protein expression in rat liver. The results showed that Gukang Capsule could alter the expression of liver drug transporter proteins, including OATP1B1, OCT1, MRP1, MRP2, BCRP, and PGP, in a dose-dependent manner (Li et al., 2021). Combining Gukang Capsule with certain medications, particularly those with a narrow therapeutic window, may lead to drug interactions. These interactions may occur through transporter proteins and could affect how the medications are absorbed and distributed in the body. Zhu et al. (Zhu et al., 2018) screened literature reports of cases and groups of cases of Gukang Capsule-induced liver injury, as well as literature reports of adverse reaction monitoring data after marketing, and analyzed pertinent cases in the literature. According to the results, liver injury was the main adverse reaction to Gukang Capsule, with the risk being primarily related to psoralen. Long-term Gukang Capsule intake, Gukang Capsule use in elderly patients, and liver disease history may be the pre-risk factors for liver injury. Five clinical studies included in this analysis reported adverse reactions associated with drug therapy. However, the meta-analysis revealed no statistically significant difference in the frequency of adverse reactions between the Gukang Capsule group and the control group. Furthermore, no serious side effects were reported, and the most common adverse events were mild gastrointestinal issues such as nausea and diarrhea. These findings suggest that Gukang Capsule does not appear to increase the risk of side effects and may be a relatively safe option as a complementary or alternative treatment for POP.
The ‘Consensus’ suggests that Gukang capsule for the treatment of OP, if there is a combination of drugs should be cautious, should not be combined with hepatotoxic drugs. The consensus adverse reactions of taking Gukang capsule were summarized. Adverse reactions of digestive system included: nausea, vomiting, poor appetite, gastrointestinal discomfort, abdominal pain, diarrhea, abdominal distension, constipation, abnormal liver biochemical indexes, etc. Skin and accessory adverse reactions include: rash, pruritus, etc. Other adverse reactions include dizziness, headache, fever, fatigue, and dark urine color. It is recommended to take Gukang capsule after meals, stop taking medicine immediately when adverse reactions occur, go to relevant departments for diagnosis and treatment, and recommend liver function examination (Zhu et al., 2022).
4.3 Limitations
This study has the following limitations. (1) None of the studies employed double-blinding or allocation concealment, and overall study designs lacked rigor. This raises concerns about potential bias in the results. (2) The studies used a variety of drug combinations and treatment durations. This inconsistency makes it difficult to establish a standardized treatment regimen for Gukang Capsule. (3) Evaluating the long-term effectiveness and safety of Gukang Capsule requires extended follow-up data, which was missing in many of the included studies. (4) The studies were limited to China, as Gukang Capsule is not standardized in other countries. This geographic limitation may introduce publication bias. (5) Positive results are generally more likely to be published and cited than negative findings. This can lead to biased conclusions in meta-analysis.
5 CONCLUSION
This meta-analysis suggests that Gukang Capsule may be a promising CAM for POP due to its observed clinical efficacy and safety. However, the quality limitations of the included studies weaken the strength of this conclusion. To generate more reliable evidence, well-designed, multicenter RCTs with large sample sizes are necessary. Future research should also explore the cost-effectiveness of Gukang Capsule in POP treatment. Evaluating its economic advantages can clarify its value as a CAM and inform decisions about resource allocation within healthcare systems.
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Introduction: Cancer, particularly lung cancer, is a significant global healthcare challenge. Non-Small Cell Lung Cancer (NSCLC) constitutes 85% of cases. Patients often seek alternative therapies like Chinese medicine alongside Western treatments. This study investigates the survival outcomes and cost-effectiveness of adjunctive Chinese medicine therapy for NSCLC patients in Taiwan.
Methods: We utilized the National Health Insurance Research Database in a retrospective cohort study from 2000 to 2018, focusing on NSCLC patients diagnosed between 2007 and 2013. After propensity score matching 1:5 ratio, then compared patients with and without adjunctive Chinese medicine therapy. Survival outcomes, cost-effectiveness, and sensitivity analyses were conducted.
Results: The study involved 43,122 NSCLC patients with 5.76% receiving adjunctive Chinese medicine. There is no significant associated between the risk of death and adjuvant Chinese medicine therapy until 181–365 days of adjuvant treatment could reduce the risk of death (HR = 0.88, 95% CI: 0.80–0.98). Cost-effectiveness analysis showed an incremental cost-effectiveness ratio of 880,908 NT$/year.
Conclusion: Adjunctive Chinese medicine therapy, particularly when administered for 181–365 days, significantly reduced the mortality risk among stage IV NSCLC patients. The cost-effectiveness aligns with willingness-to-pay thresholds, indicating economic benefit.
Keywords: non-small cell lung cancer, adjunctive Chinese medicine therapy, national health insurance research database, cost-effectiveness analysis, Chinese herbal medicine

INTRODUCTION
The leading cause of death among the Taiwanese population has been cancer for the past 40 years. In 2022, the cancer mortality rate was 222.7 per 100,000 people, with the top three cancer mortality rates being (1) tracheal, bronchus, and lung cancer, (2) liver and intrahepatic bile duct cancer, and (3) colon, rectal, and anal cancer (Statistics on causes of death, 2023). According to a report by the World Health Organization (WHO) in March 2021, cancer was the primary cause of global mortality in 2020, accounting for nearly ten million deaths. The top three cancers of incidence in the same year were breast cancer (2.26 million), lung cancer (2.21 million), and colorectal cancer (1.93 million). The top three cancers causing death were lung cancer (1.80 million), colorectal cancer (935,000), and liver cancer (830,000) (Cancer Organization, 2021). Looking at both the Taiwan and global perspectives, cancer prevention and treatment are significant healthcare concerns, particularly concerning lung cancer. The most common primary malignant tumors in the lungs are categorized as epithelial cancers, broadly divided into small cell lung carcinoma (SCLC) and non-small cell lung carcinoma (NSCLC). NSCLC accounts for approximately 85% of lung cancers and is histologically categorized as adenocarcinoma, squamous cell carcinoma (SCC), and large cell carcinoma (Medscape, 2021). Primary treatment methods include surgical resection, chemotherapy, radiation therapy, targeted therapy, and immunotherapy. Early-stage lung cancer shows promising treatment outcomes, but the mortality rate remains notably high in later stages (Hirsch et al., 2017).
Cancer patients endure significant physical and psychological suffering during the treatment process. The side effects of medications and the possibility of cancer recurrence can greatly impact their outcomes. As a result, cancer patients often seek alternative forms of treatment in addition to conventional Western medicine. These alternatives may include widely practiced therapies like acupuncture and moxibustion, qigong therapy, herbal medicine, and dietary therapy. Some cancer patients embrace Complementary and Alternative Medicine (CAM), and research suggests that they typically use one to two forms of CAM, which can enhance their quality of life (Kuo et al., 2018). In Taiwan, traditional Chinese herbal medications (TCHM) or traditional Chinese medicine (TCM) are accessible to patients through the national health insurance system, leading to 62.5% of the population seeking traditional Chinese medical treatments (Chen et al., 2007). While Western medicine is the predominant global medical approach, TCM plays a vital role as an important form of CAM. It is worth noting that in many Asian countries, TCM remains one of the mainstream medical practices.
In 2017, a study conducted in mainland China focused on the use of TCM as an adjunctive treatment for NSCLC patients. The findings indicated that adjunctive TCM therapy might extend survival and improve the quality of life of NSCLC patients. Additionally, the study suggested that adjunctive TCM therapy could potentially reduce the side effects of radiation and chemotherapy (Liu et al., 2017). In 2018, a study in Taiwan examined the survival analysis of lung cancer patients using herbal medicine as an adjunctive therapy. The study compared 264 patients who used herbal medicine with 528 patients who did not. The results revealed that lung cancer patients using herbal medicine, especially those with high cholesterol and liver cirrhosis, had significantly reduced mortality rates (hazard ratio 0.48, 95% CI: 0.39–0.61, p < 0.001) and higher cumulative survival rates (p < 0.001) (Li et al., 2018). It is worth noting that previous research on NSCLC and cost-effectiveness mainly focused on screening and Western medicine, with limited literature available regarding the cost-effectiveness of TCM for NSCLC (Klein et al., 2010; Lange et al., 2014; Yang et al., 2017; Kumar et al., 2018).
The purpose of this study is to investigate the differences in the risk of mortality and other related factors among NSCLC patients at different stages based on whether they receive TCM as adjunctive therapy. Additionally, the study aims to explore the variations in healthcare costs and conduct a cost-effectiveness analysis, along with a sensitivity analysis, regarding the use of TCM as adjunctive therapy for NSCLC patients at different stages.
MATERIALS AND METHODS
Data sources
This study utilizes a retrospective research methodology and draws data from various sources, including the National Health Insurance research databases (NHIRD) from the Health Data Science Center of the Ministry of Health and Welfare, covering the period from 2000 to 2018. Additionally, the Cancer Registry (2004–2014) from the Health Promotion Administration, the Cause of Death Data provided by the Department of Statistics, and the Household Registration database from the Ministry of the Interior are also used. Taiwan’s National Health Insurance System boasts a remarkable coverage rate of 99.82%, making it a highly representative source for empirical medical data.
Research participants
The inclusion criteria for the study encompass newly diagnosed NSCLC patients, sourced from the Cancer Registry from 2007 to 2013, with observations tracked until the end of 2018. The identification of lung cancer cases in the Cancer Registry is based on the International Classification of Diseases for Oncology, third edition (ICD-O-3) codes C33∼C34. A total of 76,232 individuals met these criteria. The exclusion criteria were as follows: (1) Patients whose cancer diagnosis date and time are not clear; (2) Patients with small cell lung cancer and ICD-O-3 codes “8,041,” “8,042,” “8,043,” “8,044,” or “8,045”; (3) Patients with in situ carcinoma/stage 0 lung cancer; (4) Patients whose cancer stage is unknown; (5) People who have had other cancers before lung cancer; (6) Patients younger than 20 years old; (7) Patients who did not receive active treatment within 1 year; (8) Patients whose primary treatment was not clear. The study included a total of 43,122 individuals after applying these exclusion criteria.
To mitigate the potential impact of individual characteristics, cancer stage, and disease severity on whether lung cancer patients receive TCM as adjunctive therapy, this study employed the Propensity Score Matching (PSM) method at a 1:5 ratio. PSM attempts to reduce the bias due to confounding variables that could be found in an estimate of the treatment effect obtained from simply comparing outcomes among patients that received the treatment versus those that did not. The purpose was to control for variables including cancer stage, gender, age, salary, education level, marital status, severity of comorbidities, medical history (diabetes, liver cirrhosis, renal failure, cerebrovascular disease, chronic obstructive pulmonary disease), and whether surgery was performed within 90 days. Through precise matching of lung cancer patients who received TCM as adjunctive therapy with those who did not in terms of cancer stage, gender, age, and severity of comorbidities, after matching, there were 2,308 lung cancer patients who received adjunctive TCM therapy and 11,540 who did not. The study included a total of 13,848 patients, as shown in Table 1 and Figure 1.
TABLE 1 | Descriptive analysis before and after matching whether patients with NSCLC receive adjunctive TCM therapy.
[image: A detailed table comparing lung cancer patients who received adjunctive Traditional Chinese Medicine (TCM) therapy to those who did not, before and after matching. Variables include cancer stage, age, gender, Charlson Comorbidity Index, recent surgery, marital status, education level, monthly salary, and comorbidities. The table displays total numbers, percentages, and p-values for each category, highlighting significant differences in demographics and clinical characteristics.][image: Flowchart showing the selection process for a study on lung cancer patients from 2007 to 2013. Out of 76,232 patients, exclusions were made based on criteria such as unclear diagnosis dates, small cell lung cancer, incomplete data, and treatment timelines. This resulted in 43,122 patients being included for non-small cell lung cancer (NSCLC) analysis. Propensity score matching was applied based on factors like demographics and cancer stage, refining the pool to 13,848 patients. These were divided into two groups: 2,308 with adjunctive TCM therapy and 11,540 without.]FIGURE 1 | Flow chart.
Variable definition and explanation
The patients of this study were followed from the time of voluntary onset confirmation of illness, tracking, and observing until the end of 2018. Non-small cell lung cancer and all other causes of death were defined as causes of death. The date of death and the cause of death were obtained from the Cause of Death Data. The inclusion criteria for the use of TCM were that the first diagnosis code at the time of TCM therapy needed to be lung cancer. Adjunctive TCM therapy within 1 year of diagnosis was defined as not using adjunctive TCM therapy if the duration was less than 30 days and as using adjunctive TCM therapy if the duration was greater than or equal to 30 days (Lin et al., 2015). Furthermore, the use of adjunctive TCM therapy within 1 year of diagnosis was further divided into <30 days, 30–180 days, and 181–365 days for discussion. The experience of using TCM referred to whether patients had consulted the Department of TCM in the 2 years before being diagnosed with NSCLC. The adjunctive TCM therapy included in this study refers specifically to Chinese herbal medicine and does not include other types of TCM therapy.
Basic personal information includes gender, age, marital status, and education level. We categorize gender as either male or female. Age is divided into five groups: 20–54 years, 55–64 years, 65–74 years, and ≥75 years (Huang et al., 2014). Marital status is classified as married, divorced or separated, widowed, or unmarried. The educational level includes elementary school or below, junior high school, high school (vocational), and college and above. Economic status is grouped by monthly salary, from high to low: ≥57801 New Taiwan Dollar (NT$), NT$ 36301–57800, NT$ 22801–36300, NT$ 17281–22800, ≤ NT$ 17280. Environmental factors are differentiated by the degree of urbanization in the residential area. According to Liu and others (2006), Taiwan is divided into seven levels of urbanization, ranging from the highest level (Level 1) to the lowest (Level 7) (Liu et al., 2006). Due to the smaller number of people in Levels 6 and 7, they are combined into Level 5 in this study.
The identification of comorbidities is based on the primary and secondary diagnoses in the medical records of patients in the 2 years before the diagnosis of NSCLC, and the respective disease codes must have occurred two times or more. The specified comorbidities include hypertension (ICD-9 codes 401–405; ICD-10 codes I10-I15), diabetes (ICD-9 code 250; ICD-10 codes E08-E13), hyperlipidemia (ICD-9 code 272; ICD-10 code E78), liver cirrhosis (ICD-9 codes 571; ICD-10 codes K70, K73-K76), renal failure (ICD-9 codes 584–586; ICD-10 codes N17-N19), cerebral vascular disease (ICD-9 codes 430–438; ICD-10 codes I60-I69), chronic obstructive pulmonary disease (ICD-9 codes 491, 492, and 496; ICD-10 codes J41-J44), asthma (ICD-9 code 493; ICD-10 code J45), rheumatoid arthritis (ICD-9 codes 714; ICD-10 codes M05-M06), and chronic mental disorder (ICD-9 codes 295, 296; ICD-10 codes F20, F30-F34, F39). The severity of comorbidities is assessed using the Charlson Comorbidity Index (CCI) defined by Deyo and others (1992) (Deyo et al., 1992). The original CCI disease categories are defined using ICD-9-CM diagnosis or procedure codes, with higher scores indicating more severe comorbidity. CCI scores are calculated by converting the primary and secondary diagnosis codes from the 2 years of medical visits before the patient’s diagnosis, and the cumulative score represents the level of comorbidity.
Hospital attributes refer to the institution where the first treatment (surgery, chemotherapy, radiotherapy, targeted therapy) is administered within 6 months of diagnosis. If there is no treatment, the institution where the main diagnosis first appears is considered the treating institution. Hospital ownership is categorized as public or non-public institutions. Hospital levels include medical centers, regional hospitals, and district hospitals. Cancer staging follows the TNM system (tumor-node-metastasis) and is classified into stages I, II, III, and IV (Kay et al., 2017). Staging information is primarily obtained from the Cancer Registry. Treatment modalities include surgery, chemotherapy, radiotherapy, targeted therapy, surgery combined with other treatments, chemotherapy combined with other treatments, and other treatment combinations. The diagnosis years range from 2007 to 2013.
Statistical analysis
This study utilized the statistical software SAS 9.4 (SAS Institute Inc., Cary, NC, United States) to analyze and process data, conducting both descriptive and inferential statistics. All statistical analyses used a significance level of p < 0.05. Descriptive statistics, including frequencies, percentages, and means, were employed to describe whether NSCLC patients received adjunctive TCM therapy before and after pairing. We performed descriptive analyses on the proportions of NSCLC patients with or without adjunctive TCM therapy across various variables, including demographic, economic, environmental, health-related, cancer staging, hospital attributes, treatment modalities, and diagnosis year.
Inferential statistics include exploring the risk of mortality and its related factors in NSCLC patients with or without adjunctive TCM therapy, economic evaluation, cost-effectiveness analysis (CEA), and sensitivity analysis. The log-rank test was used for bivariate analysis of the mortality outcomes with and without adjunctive TCM therapy. A Cox proportional hazard model was employed to assess the mortality risk during the follow-up period (including overall mortality and mortality due to lung cancer). Censoring was applied for individuals who remained alive until the end of the follow-up period. This study investigated the impact of independent variables and control variables on the survival of NSCLC patients. After controlling for relevant variables, the study explored whether adjunctive TCM therapy is an independent factor affecting patient mortality. Furthermore, the study stratified the analysis by different cancer stages to investigate the 5-year survival differences between those with and without adjunctive TCM therapy.
The economic evaluation in this study is conducted from the perspective of the National Health Insurance Administration (NHIA), with the calculation of healthcare costs primarily based on the NHIRD. The study selected matched research subjects from the NHIRD and tracked all medical records, including outpatient, emergency room, and inpatient visits, for 5 years after the cancer diagnosis. Healthcare costs were calculated for each patient per year, taking into account a discount rate of 3% (Lipscomb, 1996) (Lipscomb, 1996) and adjusting for inflation using the Consumer Price Index (CPI) released by the Directorate-General of Budget, Accounting, and Statistics as the inflation rate for the base year 2013. This study categorizes healthcare costs into three types: medical costs with the primary diagnosis of NSCLC, referred to as primary diagnosis costs; medical costs with either the primary or secondary diagnosis of NSCLC, referred to as primary and secondary diagnosis costs; and the total healthcare costs for all medical visits of NSCLC patients, referred to as total costs, for further analysis.
After matching patients with the same cancer stage into those with and without adjunctive TCM therapy, we conducted a cost-effectiveness analysis using the average person-years of survival and healthcare costs for NSCLC patients within 5 years after diagnosis. This analysis included comparing the medical expenses for each survival year between the group receiving adjunctive TCM therapy and the group without adjunctive TCM therapy. Additionally, we calculated the additional healthcare costs required if the group with adjunctive TCM therapy survived one more year compared to the group without adjunctive TCM therapy. We stratified the study population based on the cancer stage of NSCLC to explore the impact of cancer staging on cost-effectiveness. Key indicators include:
Cost-effectiveness ratio (CER): calculating and comparing the healthcare costs for each survival year between the group with adjunctive TCM therapy and the group without adjunctive TCM therapy.
[image: CER\(_y\) equals Cy divided by Ey, measured in New Taiwan Dollars per year. CER\(_n\) equals Cn divided by En, also measured in New Taiwan Dollars per year.]
Cy: Average healthcare costs within 5 years for NSCLC patients with adjunctive TCM therapy.
Cn: Average healthcare costs within 5 years for NSCLC patients without adjunctive TCM therapy.
Ey: Average person-years of survival within 5 years for NSCLC patients with adjunctive TCM therapy.
En: Average person-years of survival within 5 years for NSCLC patients without adjunctive TCM therapy.
CERy: Cost-effectiveness ratio for NSCLC patients with adjunctive TCM therapy.
CERn: Cost-effectiveness ratio for NSCLC patients without adjunctive TCM therapy.
The incremental cost-effectiveness ratio (ICER) represents the additional cost required for one additional year of survival when comparing the group with adjunctive TCM therapy to the group without adjunctive TCM therapy.
[image: Equation displays ICER as \((C_y - C_n) / (E_y - E_n)\), measured in NT dollars per year.]
To further verify the reliability of the cost-effectiveness of adjunctive TCM therapy for NSCLC, this study utilized bootstrapping simulation. In this simulation test, 1,000 iterations of sampling with replacement were conducted for patients with and without adjunctive TCM therapy. In each iteration, both groups were sampled, with 1,000 and 4,000 individuals, respectively (a total of 5,000 individuals). For each iteration, the incremental cost (△C) and incremental effectiveness (△E) were calculated to create a graph.
RESULTS
This study included 43,122 patients with NSCLC. Among them, 2,484 patients received adjunctive TCM therapy, accounting for only 5.76%. Looking at cancer stages, the largest number of patients was in stage IV, with 23,401 patients (54.27%). The age distribution showed a higher prevalence in the 65–74 age group (27.93%) and the 75 and above age group (27.10%). There were 24,668 male patients (57.21%) and 18,454 female patients (42.79%). Regarding marital status, the majority were married, accounting for 69.65%, and in terms of education, the highest proportion had an education level of elementary school or below, at 48.78%. Among the patients, 41,147 (95.42%) had a comorbidity severity score of 0, and the most common comorbidity was hypertension, affecting 15.82% of the patients. In terms of treatment methods, most patients (93.16%) had undergone surgical treatment.
A bivariate analysis of the overall cause of death in patients with NSCLC with or without adjunctive TCM therapy (Table 2) revealed that the mortality rate during the follow-up period was 75.17%. The presence or absence of adjunctive TCM therapy was not significantly associated with patient survival or death (p > 0.05). Analysis based on the duration of TCM use showed a significant difference in patient survival and death, especially among those using TCM for 181–365 days, effectively reducing the mortality rate to 65.10%. The cancer stage of patients was also significantly associated with survival, with a lower survival rate observed in the later stages of cancer. Table 3 summarizes the analysis of the mortality risk of NSCLC patients with or without adjunctive TCM therapy while controlling for multiple variables (Model 1A). It was found that patients with adjunctive TCM therapy had a significantly reduced risk of mortality compared to those without adjunctive TCM therapy (hazard ratio (HR) = 0.88, 95% confidence interval (CI): 0.83–0.93). Further analysis of the mortality risk based on the duration of adjunctive TCM therapy in NSCLC patients (Model 1B) revealed that patients using adjunctive TCM therapy for 181–365 days had a more effective reduction in the risk of mortality compared to those using adjunctive TCM therapy for less than 30 days (HR = 0.69, 95% CI: 0.63–0.77).
TABLE 2 | Bivariate analysis of all causes of death in NACLC patients with or without adjuvant TCM therapy.
[image: A detailed table displays data on 13,848 individuals with variables such as adjunctive TCM therapy, cancer stage, age, gender, marital status, education level, salary, urbanization degree, comorbidities, hospital ownership, and treatment modalities. It includes counts and percentages for total, alive, and deceased individuals, along with p-values indicating statistical significance for each variable.]TABLE 3 | Mortality risk and related factors in patients with NSCLC with or without adjunctive TCM therapy (all causes of death).
[image: A detailed table displaying hazard ratios (HR), confidence intervals (95% CI), and p-values for various variables across four models (1A, 1B, 2A, and 2B). Variables include TCM therapy, days of TCM, cancer stage, age, gender, marital status, education level, salary, urbanization degree, Charlson Comorbidity Index (CCI), comorbidities (such as hypertension and diabetes), hospital ownership and level, TCM experience, treatment modalities (like surgery and chemotherapy), and years of diagnosis.]This study also observed an association between patients who survived for more than 12 months and adjunctive TCM therapy. The aim was to eliminate the illusion that patients who survived longer also used TCM for a more extended period, thus excluding the immortal time bias. The findings indicated that, among patients who survived for more than 12 months, the presence or absence of adjunctive TCM therapy was not significantly associated with the risk of mortality (Model 2A). Further analysis of the mortality risk based on the duration of adjunctive TCM therapy in NSCLC patients (Model 2B) revealed that only patients using TCM for 181–365 days had a significant reduction in the risk of mortality compared to those using TCM for less than 30 days (HR = 0.88, 95% CI: 0.80–0.98) (Table 3).
Analyzing the mortality risk of NSCLC patients with or without adjunctive TCM therapy across different stages, the results revealed that the presence or absence of TCM therapy did not show a significant difference in the mortality risk among patients with stages I, II, and III NSCLC (p > 0.05). However, for patients in stage IV, adjunctive TCM therapy significantly reduced the risk of mortality compared to those without adjunctive TCM therapy (HR = 0.86, 95% CI: 0.81–0.92). Further analysis of the duration of TCM use and the mortality risk showed that for patients in stages III and IV, using adjunctive TCM therapy for 181–365 days significantly reduced the risk of mortality compared to those using adjunctive TCM therapy for less than 30 days (HR = 0.74, 95% CI: 0.59–0.92; HR = 0.67, 95% CI: 0.59–0.76). Interestingly, for patients in stage I, using adjunctive TCM therapy for 30–180 days did not reduce the risk of mortality compared to those using adjunctive TCM therapy for less than 30 days (HR = 1.29, 95% CI: 1.01–1.64) (Table 4). In this study, the observation of NSCLC patients who survived for more than 12 months revealed that the presence or absence of adjunctive TCM therapy did not show a significant difference in the risk of mortality across different stages (p > 0.05). However, for patients in stage IV, using adjunctive TCM therapy for 181–365 days significantly reduced the risk of mortality compared to those using adjunctive TCM therapy for less than 30 days (HR = 0.86, 95% CI: 0.75–0.98) (Figure 2). From these results, it can be concluded that patients in higher stages who use TCM for a longer duration have a greater reduction in the risk of mortality.
TABLE 4 | Mortality risk and related factors (all causes of death) in patients with NSCLC at various stages with or without adjuvant TCM therapy.
[image: Table comparing hazard ratios (HR), confidence intervals (95% CI), and p-values across different stages for Traditional Chinese Medicine (TCM) therapy. It includes four models (1A, 1B, 2A, 2B) for stages I-IV, comparing TCM therapy (yes/no) and days of TCM treatment (<30, 30–180, 181–365). Model 1A shows HR 1.10 for stage I without TCM therapy. The significant p-values are in bold. The note clarifies "Other relevant variables have been controlled; HR, hazard ratio; CI, confidence interval."][image: Four survival analysis plots depict survival rates versus time in months for different cancer stages (Stage I to IV). Each plot compares three groups: "TCM therapy," "S+T+M," and "3M,", shown in blue, red, and green, respectively, indicating survival probabilities across time.]FIGURE 2 | Survival analysis chart of the usage of TCM days in patients with NSCLC of various stages surviving for more than 12 months.
The analysis of mortality risk in the previous results was based on the overall causes of death among patients. We further conducted an analysis, specifically considering deaths due to lung cancer (Table 5). The findings showed that the presence or absence of adjunctive TCM therapy did not significantly affect the mortality risk for patients who survived for more than 12 months (p > 0.05) (Model 2A). However, among those using adjunctive TCM therapy for 181–365 days, there was a significant reduction in mortality risk compared to those using it for less than 30 days (HR = 0.90, 95% CI: 0.80–1.00) (Model 2B). Further analysis was carried out for different stages of lung cancer, indicating that the use of TCM did not affect the mortality risk across various stages, except for stage IV patients. In stage IV, using adjunctive TCM therapy for 181–365 days significantly lowered the mortality risk compared to using it for less than 30 days (HR = 0.86, 95% CI: 0.76–0.99). These results demonstrate that the analysis of mortality risk, considering overall causes and causes specifically related to lung cancer, yielded nearly consistent results.
TABLE 5 | Mortality risk from lung cancer and related factors in NSCLC patients with or without adjunctive TCM therapy.
[image: Table presenting hazard ratios, confidence intervals, and p-values across different models and cancer stages. It compares Traditional Chinese Medicine (TCM) therapy usage with days of TCM for various staging: no staging, Stage I, II, III, and IV. Each section is divided into categories: TCM therapy and days of TCM (<30, 30-180, 181-365), with corresponding statistical values for Models 1A, 1B, 2A, and 2B. Note at the bottom indicates other variables have been controlled.]Whether NSCLC patients used adjunctive TCM therapy was analyzed for healthcare costs over a 5-year period. The costs were categorized into medical expenses with the primary diagnosis of NSCLC, medical expenses with either the primary or secondary diagnosis of NSCLC, and the total healthcare expenses for all medical visits. Observing the 5-year 3% discounted and CPI-adjusted average annual costs per person for the primary diagnosis, it was NT$ 975,557. For those without adjunctive TCM therapy, the cost was NT$957,598, while for those with adjunctive TCM therapy, it was NT$1,065,355. The average annual costs per person for primary and secondary diagnoses were NT$ 1,221,444. For those without adjunctive TCM therapy, the cost was NT$ 1,198,137, and for those with adjunctive TCM therapy, it was NT$ 1,337,979. The average annual total cost per person was NT$1,261,660. For those without adjunctive TCM therapy, the cost was NT$ 1,236,988, and for those with adjunctive TCM therapy, it was NT$ 1,385,021. From these results, it can be observed that the costs for patients with adjunctive TCM therapy are higher than those without adjunctive TCM therapy. Total costs and primary and secondary diagnosis costs are relatively close, but there is a larger difference in costs for the primary diagnosis (Table 6).
TABLE 6 | Cost-effectiveness of 5-year used adjunctive TCM therapy for patients with NSCLC.
[image: Table comparing healthcare costs over five years with a 3% discount and CPI adjustment across three categories: Total, No TCM, and TCM. For primary diagnosis costs, average costs range from 957,598 to 1,065,355, with average survival from 2.763 to 2.931. CER values range from 346,640 to 363,533, with an ICER for No TCM at 641,236. For primary and secondary diagnosis costs, averages are 1,198,137 to 1,337,979, average survival from 2.763 to 2.931, CER values 433,713 to 456,561, and No TCM ICER at 832,163. Total costs have averages from 1,236,988 to 1,385,021, survival from 2.763 to 2.931, CER from 447,777 to 472,614, and an ICER for some categories at 880,908.]This study further analyzed the medical expenses for different stages of cancer, including primary diagnosis costs, primary and secondary diagnosis costs, and total costs. Observing the 5-year 3% discounted and CPI-adjusted average annual medical expenses per person, the highest expenses were observed for cancer stage III (total costs with or without adjunctive TCM therapy were NT$ 1,544,137 and NT$ 1,395,542, respectively). Following that, in descending order, were stage IV (total costs with or without adjunctive TCM therapy were NT$ 1,497,446 and NT$ 1,338,481, respectively), stage II (total costs with or without adjunctive TCM therapy were NT$ 1,364,661 and NT$ 1,239,668, respectively), and stage I (total costs with or without adjunctive TCM therapy were NT$ 932,785 and NT$ 808,156, respectively) (Table 7).
TABLE 7 | Cost-effectiveness of 5-year adjunctive TCM therapy for patients with NSCLC at various stages.
[image: A table presents healthcare costs and survival outcomes over five years, with a 3% discount and CPI adjustments across stages I to IV. It compares costs and survival between total and TCM (Traditional Chinese Medicine) for primary, primary and secondary diagnosis, and total costs. Metrics include average costs (C), average survival (E), cost-effectiveness ratio (CER), and incremental cost-effectiveness ratio (ICER). Values are detailed for each stage, showing variations in costs and effectiveness between standard and TCM treatments.]The cost-effectiveness analysis of NSCLC patients with or without adjunctive TCM therapy, using total costs as an example, revealed a CER of 472,614 NT$/year for the group with adjunctive TCM therapy and 447,777 NT$/year for the group without adjunctive TCM therapy. The ICER, representing the additional medical expenses needed for an extra year of survival in the group with adjunctive TCM therapy compared to the group without, was 880,908 NT$/year (Table 6). However, for the ICER in primary and secondary diagnosis costs, it was 832,163 NT$/year, and for primary diagnosis costs, it was 641,236 NT$/year. Different stages of NSCLC showed varying CERs (Table 7). Whether it was total costs, primary and secondary diagnosis costs, or primary diagnosis costs, the CER increased with the cancer stage. However, the ICER did not necessarily increase with the cancer stage.
Taking total costs as an example, the CER for NSCLC patients with adjunctive TCM therapy, from stage I to stage IV, is as follows: 201,180 NT$/year, 353,944 NT$/year, 534,240 NT$/year, and 679,410 NT$/year, respectively. For NSCLC patients without adjunctive TCM therapy, the CER from stage I to stage IV is as follows: 172,386 NT$/year, 332,357 NT$/year, 530,799 NT$/year, and 674,395 NT$/year, respectively. The ICER does not follow a direct proportion to the cancer stage. For stage I patients, the ICER is negative because the group with adjunctive TCM therapy, on average, has a shorter survival. Among the stages, stage II patients have the highest ICER (994,722 NT$/year), stage III patients have the lowest ICER (568,869 NT$/year), and stage IV patients have an intermediate ICER (724,791 NT$/year) (Table 7).
The analysis of medical expenses focusing on primary and secondary diagnoses reveals a pattern similar to the total costs. The order of ICER among patients at different stages aligns with the total costs. The sequence of ICER from highest to lowest is stage II patients (990,850 NT$/year), stage IV patients (684,880 NT$/year), and stage III patients (560,799 NT$/year). However, when considering medical expenses for the primary diagnosis, the ICER is directly proportional to the cancer stage. The sequence of ICER from highest to lowest is stage IV patients (513,356 NT$/year), stage III patients (430,261 NT$/year), and stage II patients (306,297 NT$/year) (Table 7).
To assess whether a healthcare intervention is cost-effective, researchers often use a cost-effectiveness threshold. Previous studies commonly utilized the willingness-to-pay (WTP) amount as an indicator. The WHO recommends using three times the gross domestic product (GDP) as the threshold (World Health Organization, 2009; Robinson et al., 2017). Many of Taiwan’s studies also follow the WHO’s suggestion of using three times the GDP to determine the cost-effectiveness standard. Therefore, this study adopts the average per capita GDP from 2007 to 2013, which is NT$ 597,354, and calculates 3 times the GDP, which equals NT$ 1,792,062, as the threshold for measurement. Overall, for NSCLC patients using adjunctive TCM therapy, the ICER for total healthcare expenses is 880,908 NT$/year, which is less than NT$ 1,792,062, indicating that using adjunctive TCM therapy is cost-effective.
Furthermore, to assess the reliability of cost-effectiveness, a bootstrapping simulation test was conducted for NSCLC patients, with repeated sampling distinguishing costs by primary diagnosis, primary and secondary diagnosis, and total costs (Figure 3). Random sampling with replacement was performed 1,000 times, with each group consisting of NSCLC patients matched in a 1:4 ratio (1,000 patients with and 4,000 patients without adjunctive TCM therapy, totaling 5,000 patients). The analysis results showed that 100% of the simulations fell within the cost-effectiveness acceptability curves, i.e., within 3 times the GDP. The bootstrapping simulation results indicate that the cost-effectiveness of this study aligns well with the economic benefits of the country. Regardless of distinguishing costs by primary diagnosis, primary and secondary diagnosis, or total costs, the data points for each group are highly concentrated, demonstrating the robustness of the cost-effectiveness analysis results.
[image: Scatter plot showing incremental cost versus incremental effects (life year). Three data sets are represented: blue for total costs, green for primary diagnosis costs, and light blue for primary and secondary diagnosis costs. A red line illustrates a threshold of cost-effectiveness, labeled as three times the GDP.]FIGURE 3 | Cost-effectiveness reliability testing of repeated sampling among lung cancer patients. (According to primary diagnosis, primary and secondary diagnosis, and total cost distribution.). This study self-sampled 1,000 groups of NSCLC patients, and compared to those who did not receive adjunctive TCM therapy, the cost-effectiveness of patients receiving adjunctive TCM therapy falls within an acceptable range (within 3 times GDP) for primary diagnosis costs, primary and secondary diagnosis costs, and total costs.
This study focuses on adjunctive TCM therapy, with an emphasis on Chinese herbal medicine. Table 8 presents the 20 most commonly used single herbs and formulas in adjunctive therapy for NSCLC patients. There are 439 single herbal medicine items, totaling 440,971 prescription records, and 456 formula items, totaling 251,750 prescription records. The ten most frequently used single herbs are, in order: Scleromitrion diffusum, Platycodon grandiflorus, Astragalus mongholicus, Fritillaria thunbergii, Houttuynia cordata, Scutellaria barbata, Scutellaria baicalensis, Prunus mandshurica, Rheum rhabarbarum, and Taraxacum mongolicum. The ten most frequently used formulas are, in order: San Jhong Kuei Jian Tang, Siang Sha Liou Jyun Zih Tang, Xiao Chai Hu Tang, Jiawei Siaoyao San, Bai He Gu Jin Tang, Qing Zao Jiu Fei Tang, Bansia Siexin Tang, Bu Zhong Yi Qi Tang, Ganlu Yin, and Wen Dan Tang. Scleromitrion diffusum (4.23%) has significantly higher usage than other single herbs. The most frequently used formula is San Jhong Kuei Jian Tang (1.73%), slightly higher than the second most used formula, Siang Sha Liou Jyun Zih Tang (1.41%).
TABLE 8 | The most common TCM herbs and formulas used by NSCLC patients.
[image: Table listing 20 herbs with botanical families, quantities, percentages, order, formulas, and their respective quantities and percentages. Columns titled "Order," "Herb," "N," "%," "Order" (second), "Formula," "N" (second), and "%" (second). Data includes herbs like Scleromitrion diffusum and their usage in formulas such as San Jhong Kuei Jian Tang.]DISCUSSION
The results of this study found that, without excluding immortal time bias, there is an association between adjunctive TCM therapy and the survival of patients with NSCLC. Those who received adjunctive TCM therapy had a 12% lower risk of mortality, and those using adjunctive TCM therapy for 181–365 days had a 31% lower risk of mortality. Previous studies have also shown a 35% reduction in the risk of mortality for those receiving adjunctive TCM therapy (Yeh et al., 2020) and a 71% reduction in the risk of mortality for those using adjunctive TCM therapy for 181–365 days (Xu et al., 2021). Taiwan published literature in 2020 (Yeh et al., 2020) based on 1871 lung cancer patients from two teaching hospitals in Taiwan from 2003 to 2016. The analysis was conducted without matching to determine the results of adjunctive TCM therapy. The research published in mainland China in 2021 (Xu et al., 2021) analyzed the results of adjunctive TCM therapy for 136 small cell lung cancer patients in a teaching hospital in mainland China from 2015 to 2018. From the above, it can be seen that the previous two studies concluded a greater reduction in the risk of mortality with adjunctive TCM therapy than this study. The reasons may include limitations in patient sources to one to two hospitals, a smaller number of lung cancer patients, less rigorous study designs (e.g., lack of matching), the inclusion of all types of lung cancer, or a focus only on small cell lung cancer, which is different from this study. Additionally, previous studies were conducted by specialized Chinese and Western medicine teams in teaching hospitals dedicated to lung cancer treatment, which differs from the medical records of lung cancer patients in the NHIRD. A specialized lung cancer treatment team may achieve better treatment outcomes.
To avoid immortality bias in the analysis of the survival of patients with NSCLC receiving adjunctive TCM therapy, the focus was on exploring patients who survived for more than 12 months. The analysis revealed that there was no significant association between adjunctive TCM therapy and the survival of patients with NSCLC. Further analysis of the duration of Chinese medicine usage showed that patients using adjunctive TCM therapy for 181–365 days could significantly reduce the risk of mortality by 12% (HR = 0.88, 95% CI: 0.80–0.98), and stage IV patients could reduce the risk by 14% (HR = 0.86, 95% CI: 0.81–0.92). When discussing adjunctive TCM therapy with clinical practitioners and patients with NSCLC, it is crucial to clearly inform patients that the duration of Chinese medicine usage should be sufficiently long to achieve significant efficacy. There is no apparent benefit to taking it for less than 6 months. From a survival perspective, encouraging stage IV NSCLC patients to use adjunctive TCM therapy for 181 days or more can increase the average 5-year survival rate from 10.69% to 17.53%. Similar results were reported in studies from mainland China in 2021 and Taiwan in 2020. These studies found that adjunctive TCM therapy for more than 6 months (or 180 days) could extend survival, with significant differences observed in stage IV patients for various cancer types (Yeh et al., 2020; Xu et al., 2021). However, this study had a larger number of patients, a longer follow-up time, and addressed immortal time bias more comprehensively.
In this study, the analysis of mortality risk compared overall mortality with mortality specifically due to lung cancer, and the results were similar. It can be inferred that the majority of deaths in patients with NSCLC are attributed to lung cancer. The 5-year survival rate for patients is only 31.55%. In addition to other relevant factors, the study found that higher cancer stages, older age, male gender, lower education level, comorbidities such as liver cirrhosis, cerebrovascular disease, chronic obstructive pulmonary disease, asthma, non-public hospital patients, and lower hospital levels were associated with higher mortality risks. These findings align with some aspects of previous studies (Liao et al., 2017; Yeh et al., 2020; Xu et al., 2021). However, in contrast to prior research, this study did not find an increased risk of mortality for patients with comorbid diabetes or renal failure.
The existing literature has not directly addressed the CEA of adjunctive TCM therapy for NSCLC patients. There is some relevant literature, such as a study from mainland China in 2023 that reported on medical expenses for lung cancer inpatients. Between 2010 and 2016, there were a total of 47,393 lung cancer inpatients, and the median annual total medical expenses (Western medicine + Chinese medicine) per patient for those receiving Chinese medicine therapy were 18,798 RMB (approximately NT$ 82,711) (Nie et al., 2023). This study included a total of 43,122 NSCLC patients from 2007 to 2018. The 5-year average total medical expenses per person for those receiving adjunctive TCM therapy were NT$ 1,385,021, equivalent to an average annual total medical expense of NT$ 277,004. Although there are numerous studies exploring medical costs and cost-effectiveness, many of them focus on diseases other than lung cancer. Some studies have also investigated the cost-effectiveness of Chinese medicine therapy for non-cancerous conditions (Li et al., 2014; Xu et al., 2020). Comparing different diseases is challenging due to variations in healthcare capabilities, insurance reimbursement systems, and economic environments among different countries, making direct comparisons and inferences difficult.
In this study, taking total cost as an example, the tracked calculation showed that the 5-year average total medical expenses per person for those with adjunctive TCM therapy (NT$ 1,385,021) were higher than those without such therapy (NT$ 1,236,988). Additionally, the average survival years for those with adjunctive TCM therapy (2.931 years) were longer than those without adjunctive TCM therapy (2.763 years). The CER for different cancer stages, regardless of whether there was adjunctive TCM therapy, increased with higher cancer stages. For the group with adjunctive TCM therapy, the ICER for an additional year of survival was NT$ 880,908, which is 1.47 times Taiwan’s per capita GDP. The stage-specific ICER was highest for stage II patients at 994,722 NT$/year, equivalent to 1.67 times Taiwan’s per capita GDP. All ICER values were below the WHO’s suggested threshold of three times the GDP, indicating cost-effectiveness. It is noteworthy that stage I NSCLC patients did not show an increase in survival after the intervention of adjunctive TCM therapy, indicating a lack of cost-effectiveness in this subgroup.
Furthermore, utilizing bootstrapping simulation for sensitivity analysis, the cost-effectiveness of adjunctive TCM therapy was found to be 100% in line with the economic benefits of WTP within 3 times the GDP. Despite the slightly higher medical costs associated with adjunctive TCM therapy compared to no such therapy, it is highly recommended for NSCLC patients, especially for those in stages III and IV, where the cost-effectiveness is even more pronounced. Adjunctive TCM therapy not only extends the survival time of patients but also reduces complications associated with lung cancer and treatment-related discomfort (Lam et al., 2017; Cai et al., 2018; Kuo et al., 2018; Lee et al., 2018).
This study’s results regarding commonly used single herbs and formulas in adjunctive therapy for NSCLC patients differ slightly from previous studies. A 2017 study in Taiwan found that the most frequently used formula was Qing Zao Jiu Fei Tang (Liao et al., 2017), whereas in our study, it was San Jhong Kuei Jian Tang. This discrepancy might be due to the different study periods; the previous study used NHIRD from 2000 to 2009, while our study covers 2007–2013, with little overlap in the years. San Jhong Kuei Jian Tang is effective in clearing heat, detoxifying, dispersing masses, and reducing swelling. It can be used to treat scrofula, lymphadenitis, acute folliculitis, thyroiditis, and goiter (Chinese Medicine formulae from the, 2024). On the other hand, Qing Zao Jiu Fei Tang is known for its ability to clear dryness and moisten the lungs, and it is suitable for treating pneumonia, pulmonary tuberculosis, bronchial asthma, acute and chronic bronchitis, emphysema, lung cancer, urticaria, and laryngitis (DOCMAP, 2024). Therefore, Qing Zao Jiu Fei Tang acts as an anti-cancer formula, while San Jhong Kuei Jian Tang primarily treats NSCLC complications. A 2020 Taiwanese study also found that Scleromitrion diffusum was the most commonly used single herb (Yeh et al., 2020), consistent with our study results. Scleromitrion diffusum is known for clearing heat, detoxifying, promoting diuresis, and alleviating stranguria. It has antibacterial, anti-inflammatory, and anti-tumor properties; it also inhibits spermatogenesis while protecting the liver and promoting bile secretion (KMWEB, 2024).
In this study, the ten most commonly used single herbs and formulas for NSCLC patients receiving adjunctive TCM therapy include the single herbs Scleromitrion diffusum, Platycodon grandiflorus, Astragalus mongholicus, Fritillaria thunbergii, Houttuynia cordata, Scutellaria barbata, Scutellaria baicalensis, Prunus mandshurica, Rheum rhabarbarum, and Taraxacum mongolicum. These single herbs are all related to the treatment of NSCLC. The formulas related to anti-cancer therapy include Siang Sha Liou Jyun Zih Tang, Bai He Gu Jin Tang, Qing Zao Jiu Fei Tang, Bu Zhong Yi Qi Tang, and Ganlu Yin. Other formulas, such as San Jhong Kuei Jian Tang, Xiao Chai Hu Tang, Jiawei Siaoyao San, Bansia Siexin Tang, and Wen Dan Tang, have anti-inflammatory properties and enhance the immune system, as well as strengthening the digestive system. These can help alleviate the complications of NSCLC and mitigate the side effects of Western medications (Su et al., 2020; Lo and Hung, 2021; Zhang et al., 2021).
STRENGTHS
This study possesses several strengths: Firstly, it utilizes nationwide statistical data, collecting information on NSCLC patients over a 7-year period (2007–2013) and tracking their outcomes for 5 years. Secondly, the study conducts survival and cost-effectiveness analyses for NSCLC, considering both undifferentiated by cancer stage and segmented by various cancer stages. Thirdly, the survival analysis in this study addresses and excludes immortal time bias, ensuring the accuracy of the results. Additionally, the CEA incorporates a 3% discount and CPI correction. Finally, the study employs PSM at a 1:5 ratio to control for variables such as cancer stage, gender, age, monthly salary, education level, marital status, CCI, and medical history (diabetes, liver cirrhosis, renal failure, cerebrovascular disease, and chronic obstructive pulmonary disease), as well as whether surgery was performed within 90 days. This approach ensures precise matching between NSCLC patients who received adjunctive TCM therapy and those who did not, accounting for various relevant factors.
LIMITATIONS
This study has some limitations. In the treatment of NSCLC, it excludes the increasingly popular immunotherapy, as literature indicates a significant benefit to survival. However, since this study extracted cancer data up to 2013 and observed until 2018, excluding studies on immunotherapy might not reflect the current overall survival outcomes. The study’s sample comes from the NHIRD, and it ignores real-world patient compliance with TCM and Western medicine when conducting analyses based on diagnostic and procedure codes. Unmeasured confounders, or unquantifiable interfering factors, may exist in retrospective studies and potentially influence the analysis results. Smoking status is an important factor when assessing the mortality risk in NSCLC patients; however, there is no record of smoking status in the NHIRD. Additionally, data on a small portion of out-of-pocket TCM services (such as herbal decoctions) cannot be obtained from the NHIRD. If out-of-pocket TCM services could enhance efficacy, this aspect is not included in the comparative analysis.
CONCLUSION
For NSCLC patients, the use of adjunctive TCM therapy for 181–365 days significantly reduces the risk of mortality by 12%, especially in stage IV NSCLC patients, where there is a significant 14% reduction in the risk of mortality. Whether considering primary diagnosis costs, primary and secondary diagnosis costs, or total costs, the CER for patients with adjunctive TCM therapy is higher than those without. The ICER for adjunctive TCM therapy in NSCLC stages II to IV is 994,722 NT$/year, 568,869 NT$/year, and 724,791 NT$/year, respectively, all within the economic benefit of WTP prices within 3 times the per capita GDP. In summary, adjunctive TCM therapy for NSCLC patients not only reduces the mortality rate but also demonstrates cost-effectiveness. Scleromitrion diffusum and San Jhong Kuei Jian Tang are the most commonly prescribed single herbs and formulas, respectively.
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Background: Osteoarthritis (OA) is a chronic degenerative disease mainly characterized by cartilage damage and synovial inflammation. Si Miao Powder, an herbal formula, was recorded in ancient Chinese medicine prescription with excellent anti-inflammatory properties. Based on the classical formula, the modified Si Miao Powder (MSMP) was developed with the addition of two commonly Chinese orthopedic herbs, which had the efficacy of strengthening the therapeutic effect for OA.Methods: In the in vivo experiments, thirty-six 8-week-old male C57BL/6 mice were randomly divided into six groups: sham group, OA group, celecoxib group, low-MSMP group, middle-MSMP group, and high-MSMP group. OA mice were constructed by destabilization of medial meniscus (DMM) and treated with MSMP granules or celecoxib by gavage. The effects of MSMP on cartilage, synovitis and inflammatory factor of serum were tested. For in vitro experiments, control serum and MSMP-containing serum were prepared from twenty-five C57BL/6 mice. Macrophages (RAW264.7 cells) were induced by lipopolysaccharide (LPS) and then treated with MSMP-containing serum. The expression of inflammatory factors and the change of the NF-κB pathway were tested.Results: In vivo, celecoxib and MSMP alleviated OA progression in the treated groups compared with OA group. The damage was partly recovered in cartilage, the synovial inflammatory were reduced in synovium, and the concentrations of IL-6 and TNF-α were reduced and the expression of IL-10 was increased in serum. The function of the middle MSMP was most effective for OA treatment. The results of in vitro experiments showed that compared with the LPS group, the MSMP-containing serum significantly reduced the expression levels of pro-inflammatory (M1-type) factors, such as CD86, iNOS, TNF-α and IL-6, and promoted the expression levels of anti-inflammatory (M2-type) factors, such as Arg1 and IL-10. The MSMP-containing serum further inhibited NF-κB signaling pathway after LPS induction.Conclusion: The study demonstrated that MSMP alleviated OA progression in mice and MSMP-containing serum modulated macrophage M1/M2 phenotype by inhibiting the NF-κB signaling pathway. Our study provided experimental evidence and therapeutic targets of MSMP for OA treatment.Keywords: osteoarthritis, inflammation, modified Si Miao Powder, macrophage polarization, NF-κB signaling pathway
1 INTRODUCTION
Osteoarthritis (OA) is a multifactorial degenerative joint disease that is highly prevalent in the elderly population. OA is mainly characterized by the degeneration of articular cartilage, often accompanied by synovial inflammation. The clinical manifestations of the disease involve in recurrent joint swelling, pain, stiffness, and deformity in late stages. The 2019 Evidence-Based Guidelines for OA, developed by the American College of Rheumatology in collaboration with the Arthritis Foundation, indicate that approximately 302 million people worldwide suffered from OA disease (Kolasinski et al., 2020). The non-steroidal anti-inflammatory drugs are the first-line drugs for the treatment of OA in clinic. Celecoxib, is widely used in clinical practice for OA treatment and can effectively alleviate the symptoms of arthritis. However, OA is a chronic disease, and long-term or intermittent repeated use of non-steroidal anti-inflammatory drugs will cause varying degrees of damage to the liver, kidney and gastrointestinal tract of the elderly patients. OA can be treated by arthroplasty in the late stage, but due to the shortcomings of joint replacement, such as major surgical trauma, high surgical costs and a limited lifespan, there exist limitations for the surgical operation. Therefore, the search for natural herbal drugs that can effectively treat OA has become a focus in pharmacological research (Li and Zhang, 2020). The active ingredients in many botanical drugs have been shown to have anti-inflammatory and analgesic effects (Chen et al., 2016). Chinese herbal medicines or formulas are gradually being used as one of the methods to combat OA in clinical practice, and the use of botanical drugs in the early and intermediate stages of OA may reduce the rate of artificial joint replacement surgery for patients (Cho et al., 2021).
OA is classified as a “bone bi disease” in Chinese medicine, which is believed to develop when the bone marrow of the body is empty and the external evil enters the body mainly due to the feeling of wind, dampness, heat and cold, thereby resulting in unfavorable bone joints (Zhang et al., 2023). The classic formula Si Miao Powder, recorded in the book Singing Convenience Reading by a doctor called Zhang Bingcheng in the Qing Dynasty, is a typical formula for the treatment of impotence caused by dampness-heat downstream injection. This formula has the effect of clearing away heat and eliminating dampness, and consists of four herbs: Atractylodes Lancea (Thunb.) Dc. [Asteraceae; Atractylodes Rhizome], Phellodendron amurense Rupr. [Rutaceae; Cortex phellodendri], Achyranthes bidentata Blume [Amaranthaceae; Achyranthis Bidentatae Radix] and Coix lacryma-jobi var. ma-yuen (Rom.Caill.) Stapf [Poaceae; Coicis Semen]. In recent years, Si Miao Powder has been widely used in clinical practice for arthritis treatment. For example, Peng et al. found that Si Miao Powder was effective in the treatment of rheumatoid arthritis (Peng et al., 2021). Recently, Cao et al. reported that Si Miao Powder improved the serum uric acid level and promoted the activation of M2-type macrophages in hyperuricemic mice (Cao et al., 2022).
According to the therapeutic principle of “treating the underlying cause before treating the symptoms” and “treating both the symptoms and the underlying cause” in Chinese medicine compound prescription, Dipsacus asper Wall.ex DC [Dipsacaceae; Dipsaci Radix] and Drynaria roosii Nakaike [Polypodiaceae; Drynariae Rhizoma] are added in the formula of Si Miao Powder in the present study, called as Modified Si Miao Powder (MSMP). Based on the basic theory of traditional Chinese medicine that “the kidney governing bones,” the addition of Dipsaci Radix and Drynariae Rhizoma has the effects of tonifying the liver and kidneys, and strengthening the tendons and bones. In traditional Chinese medicine, Dipsaci Radix and Drynariae Rhizoma are often applied in combination as a drug pair to aid the treatment of osteoporosis, osteoarthritis, and other orthopedic disorders. In the current study, the in vivo experiment was conducted to investigate the therapeutic effect of MSMP on OA progression, and the in vitro experiment was implemented to explore the function of MSMP-containing serum on the polarization of synovial macrophages and the underlying molecular mechanism.
2 MATERIALS AND METHODS
2.1 Preparation of MSMP
The Chinese medicine formula of MSMP includes Atractylodes Rhizome, Cortex phellodendri, Achyranthis Bidentatae Radix, Coicis Semen, Dipsaci Radix and Drynariae Rhizoma. The six ingredients of MSMP are granules and sourced from Pharmacy Department of Xi’an Honghui Hospital. The daily dose of MSMP for adults is 32.5 g, which is equivalent to 85 g herbs. The information of MSMP granules including drug composition, dosage system, batch numbers, and record numbers, was shown in Table 1. An MSMP dose of 17 g/kg was identified as a middle dosage to use in animal gavage according to the conversion standard of human-animal drug dose (Nair and Jacob, 2016). The MSMP granules were dissolved in double-distilled water (ddH2O) for the in vivo experiments.
TABLE 1 | The information of MSMP formula.
[image: Table listing six herbs with their scientific names, Chinese names, materials, doses, batch numbers, and record numbers. The herbs include Atractylodes Lancea, Phellodendron amurense, Achyranthes bidentata, Coix lacryma-jobi, Dipsacus asper, and Drynaria roosii. Dosages range from ten to fifteen grams. Batch and record numbers are provided for each entry. A footnote references the dry weight and the plant names conform to a specified online source.]2.2 Ultra-high-pressure liquid chromatography (UHPLC-MS/MS) analysis of MSMP sample
The analysis method for chromatography-mass spectrometry was supplied by Sci-Tech Innovation Co., Ltd. (Qingdao, China). The first step was sample detection. The well-mixed sample (100 mg) of was placed in a 2 mL centrifuge tube, added 1 mL of 70% methanol and 3 mm steel beads to vibrate and pulverize with an automatic sample rapid grinder (JXFSTPRP-48, 70 Hz), and crushed with low temperature ultrasound (40 kHz). Nex, the sample was centrifuged at 12,000 rpm at 4°C and the supernatant was diluted 100 times. Then the 10 μL of 100 μg/mL internal standard was added and passed through a PTFE filter with a thickness of 0.22 μm. The second step was quantitative analysis of metabolites. The relative concentration and percent of metabolites in the sample were calculated based on the peak area. The third step was chromatography-mass spectrometry analysis. The LC-MS (Ultimate 3000 LC, Q Exactive HF) analysis platform and C18 chromatography column (Zorbax Eclipse C18 (1.8 μm × 2.1 mm × 100 mm) was used for detection.
2.3 Animals and reagents
Sixty-one 8-week-old C57BL/6 mice (Experimental Animal Center of Xi’an Jiaotong University) weighing 20–22 g were kept in a standard environment with suitable temperature and humidity and with food and water ad libitum. Thirty-six mice were used for in vivo experiments while twenty-five mice were used for in vitro experiments. All mice were conducted following the Guidelines for the Care and Use of Animals in the Laboratory of the National Institutes of Health (Kastenmayer et al., 2012). The animal study had the approval of the Experimental Animal Center of Xi’an Jiaotong University. The reagents in the current study were as follows: Lipopolysaccharide (Sigma), p65 Antibody (Abways, CY5034), p-p65 Antibody (Abways, CY6372), β-actin Antibody (Boster, BM3873), Col2a1 Antibody (Boster, BA0533), Mmp13 Antibody (Boster, BA2204), iNOS Antibody (Boster, BA0362), Arg1 Antibody (Servicebio, GB11285-100), IL-6 ELISA Kit (Boster), TNF-α ELISA Kit (Boster), IL-10 ELISA Kit (RuiXin Bio), HE Staining Kit (Solarbio), Senna O Solid Green Staining Kit (Solarbio) Animal Surgical Instruments, Absorbable Surgical Suture (6-0), Gavage Needle (12 gauge), Tissue Decalcification Solution (Bosterbio), Tissue Fixation Solution (Bosterbio), and Sodium Pentobarbital.
2.4 Experimental OA mouse model and treatment
The animal model of OA was established by destabilization of the medial meniscus (DMM) in the right knee joints of C57BL/6 mice. Briefly, under sterile conditions, the mouse was anesthetized by intraperitoneal injection of 0.3% pentobarbital sodium (30 mg/kg) and the patellar ligament was exposed. Then the fat under the patellar ligament was bluntly dissected with a scalpel along the medial patellar ligament for about 2 mm. Subsequently, the medial meniscotibial ligament was transected so that the meniscus was in an unstable state, and finally the wound was sutured. Thirty-six C57BL/6 mice were randomly divided into six groups (n = 6): sham group, OA group, celecoxib group, low-MSMP group, middle-MSMP group, and high-MSMP group. Except for the sham group, mice in all groups were subjected to the surgery of DMM. The ratio of low, middle and high dosages for treatment was 1:2:4 (the amount of raw drug was 8.5 g/kg, 17 g/kg and 34 g/kg respectively). Celecoxib Capsules (specification: 0.2 g/capsule, manufacturer: Sichuan Gowei Pharmaceutical Co., Ltd., record no.: H20203357, batch no.: 20220218) are sourced from Pharmacy Department of Xi’an Honghui Hospital. The celecoxib group was given celecoxib solution (20 mg/kg). Three weeks after surgery, the mice were treated by gavage. The treated drug for each group was administered once a day at a fixed time for six consecutive weeks. Meanwhile, an equal quantity of ddH2O was given to the sham group and OA group.
2.5 Histological staining and analysis
Six weeks after gavage treatment, the right knee joints of the mice were collected and fixed in 4% paraformaldehyde for 48 h. Then the joints were decalcified for 3 weeks, subjected to paraffin embedding and sectioned at a thickness of 5 μm. The paraffin sections were stained with hematoxylin and eosin (HE) and Safranin O and fast green respectively and sealed by resin for observation and photography under light microscope. The cartilage degeneration and the severity of knee OA were evaluated by the Osteoarthritis Research Society International (OARSI) scoring criteria ranging from 0 to 24 (Pritzker et al., 2006). The histopathologic grading of inflammation in synovium was performed according to the synovial score (Krenn et al., 2006).
2.6 Immunohistochemistry
The paraffin sections were deparaffinized and rehydrated in xylene. Subsequently, 3% H2O2 was added to block endogenous peroxidase activity. Then, the antigen was digested with 0.1% trypsin and blocked in goat serum. The sections were then sequentially incubated with primary antibody overnight at 4°C and secondary antibody for 1 h at 37°C. Finally, horseradish peroxidase-conjugated streptavidin-biotin was added and immunoreactivity was visualized under a light microscope.
2.7 Enzyme-linked immunosorbent assay (ELISA)
The blood in each group was collected and left in the EP tubes for 30 min, then centrifuged with 3,000 g for 20 min at 4°C to collect the serum and stored at −80°C until use. Each sample was tested in triplicate. The expression levels of IL-6, TNF-α, and IL-10 were detected using ELISA kits according to the instructions of the manufactures.
2.8 Preparation of control and drug-containing serum
Twenty-five mice were randomly divided into five groups to collect serum. The mice of three groups were gavaged by low, middle and high dosage MSMP to collect MSMP-containing serum, and the mice of the other two groups were gavaged with the same volume of ddH2O to collect control serum. One week later, the serum samples were collected and inactivated at 56°C for 30 min, then filtered through a 0.22 μm filtration membrane to remove bacteria. The serum was stored at −80°C for next experiments.
2.9 Cell culture and treatment
RAW264.7 macrophages were purchased from the Stem Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The cells were cultured in DMEM high-sugar medium supplemented with 10% fetal bovine serum (Gibco, Australia), 100 U/mL penicillin, and 0.1 mg/mL streptomycin (Macgene, Beijing, China), and incubated in an incubator at 37°C with humidified 5% CO2. When the cells reached a confluence of 70%, LPS (1 μg/mL) was added to induce the cells. 24 h later, the control and LPS groups were treated with the control serum, and the low-, middle- and high-MSMP groups were treated with the corresponding MSMP-containing serum.
2.10 RNA extraction and real-time quantitative PCR (RT-qPCR)
Macrophages were seeded into 6-well plates (5 × 105/well) and the macrophages of MSMP groups were incubated with 10% MSMP-containing serum for 24 h post LPS (1 μg/mL) induction. The total RNA was extracted from the cells using the SPARKeasy Cell RNA Kit. The RNA concentration was determined using NanoDrop 2000. Subsequently, the RNA was reverse-transcribed into a stable cDNA using the SPARKscript 1st Strand cDNA Synthesis Kit (with gDNA Eraser). The mRNA expression of CD86, iNOS, TNF-α, IL-6, Arg1, IL-10, and β-actin was tested. The primer information was shown in Table 2. The reaction of qPCR was performed on a qPCR system (Bio-Rad Lab, United States) under the following conditions: 10 min at 95°C followed by 40 cycles of 95°C for 15 s and 58°C for 60 s. The relative expression levels of target genes were normalized to β-actin and analyzed using the comparative 2−ΔΔCt method.
TABLE 2 | The primers for qPCR.
[image: Table listing genes with their forward and reverse primer sequences. The genes are CD86, iNOS, TNF-a, IL-6, Arg1, IL-10, and β-actin, each paired with specific forward and reverse sequences.]2.11 Western blotting analysis
Macrophages were seeded into 6-well plates (5 × 105/well) and incubated with 10% middle-MSMP containing serum for 24 h after LPS (1 μg/mL) induction. The cells were lysed with RIPA lysate and 0. 1% PMSF. After centrifugation at 12,000 g for 10 min, the supernatants were collected and the protein concentration was measured using the BCA protein quantification kit. Then the protein was separated by the 10% dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and transferred to a 0.45 μm polyvinylidene fluoride (PVDF) membrane. Non-specific proteins were blocked with 5% skimmed milk for 1 h at room temperature, and then the membranes were incubated with primary proteins such as β-actin (1:5,000), p-p65 (1:1,000) and p65 (1:5,000) at 4°C overnight. After being washed three times with TBST buffer solution, the membranes were incubated with horseradish peroxidase-conjugated anti-rabbit secondary antibodies for 1 h at room temperature, and washed three times again with TBST. The chemiluminescence signals of the bands were detected with Image Lab using the enhanced luminescence solution, and the expression intensity of protein blots was analyzed using ImageJ software.
2.12 Immunofluorescence assay
Macrophages were seeded on cell crawls in 12-well plates (1 × 105/well), incubated with 10% middle-MSMP containing serum for 24 h after LPS (1 μg/mL) induction. Then the cells in the cell crawls were washed with PBS and fixed by 4% paraformaldehyde for 30 min. Subsequently, the cells were permeabilized with 0.3% Triton 100 × for 15 min, fixed with 3% BSA for 30 min and incubated with primary antibody p-p65 (1:200) at 4°C overnight. The next day, they were incubated with fluorescence labeled secondary antibody (1:1,000) at room temperature away from light for 1 h, stained by DAPI for 5 min, and finally blocked by glycerol. The images were acquired and analyzed with the fluorescence microscope (Leica).
2.13 Statistical analysis
All experiments in this study were replicated at least three times, and all data were statistically analyzed using GraphPad Prism eight software. Data were expressed as mean ± standard deviation (SD), differences between groups were analyzed via one-way analysis of variance (ANOVA), and post hoc tests were performed using Tukey’s multiple comparison test. p-value ≤ 0.05 were considered as statistically significant.
3 RESULTS
3.1 The chemical compositions of MSMP
The chemical composition of MSMP was detected by UHPLC-MS/MS technology. The high-resolution molecular weight and MS/MS fragment information were obtained. The total ion chromatogram of MSMP granules was presented in positive and negative mode (Supplementary Figure S1). There were 30 main chemical components found in the MSMP (Supplementary Table S1). Alkaloids and flavonoids were abundant in the metabolites of MSMP.
3.2 MSMP inhibited articular cartilage damage in OA mice
After 6 weeks of gavage treatment with celecoxib or different concentrations of MSMP, the therapeutic effects of MSMP on the damaged cartilage tissues of OA mice were tested by HE staining and Safranin O and fast green staining, and further evaluated by OARSI score system. The articular cartilage surface was smooth and structurally intact in the sham group, and there were obvious defects in the cartilage layer and reduction of chondrocytes in the OA group compared with the sham group. In the meantime, there were different degrees of improvement in the celecoxib group and in the MSMP-treated group compared with the OA group (Figures 1A, C). According to the statistical data and the evaluation results, the number of the chondrocytes in the articular cartilage was partly recovered and the OARSI score was partly reversed in the treated groups compared with the OA group (Figures 1B, D). The therapeutic effect in the middle-MSMP group exhibited the most increased trend in chondrocyte numbers and the most decreased trend in OARSI scores among the MSMP groups.
[image: Microscopic images and bar charts depict osteoarthritis treatment effects. Part A shows histological sections with varying proteoglycan levels. Part B presents a bar graph comparing cartilage thickness across treatments. Part C displays stained sections indicating collagen content, and Part D features a bar chart analyzing collagen distribution. Treatment groups include Sham, OA, Celecoxib, Low-MSMP, Middle-MSMP, and High-MSMP.]FIGURE 1 | MSMP inhibited articular cartilage damage in OA mice. (A) HE staining of the articular cartilage tissues in mice. (B) Statistical analysis of the number of chondrocytes in each of the group. (C) Safranin O and fast green staining of the articular cartilage tissues in mice. (D) OARSI analysis in mice. Scale bar represents 100 μm (Date are mean ± SD, ####p < 0.0001, versus Sham group; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, versus OA group).
3.3 MSMP affected cartilage matrix metabolism in OA mice
Col2a1 and Mmp13 immunohistochemical staining was performed in order to investigate the effect of MSMP on cartilage matrix metabolism in OA mice. The results showed that the expression of Col2a1 in the articular cartilage in the OA group was very weak, and that the Col2a1 expression was significantly strong in the articular cartilage in the treated groups, especially in the middle-MSMP group (Figures 2A, B). The results of immunohistochemical staining of Mmp13 indicated that the expression of Mmp13 was significantly attenuated to varying degrees in mice intervened with celecoxib and MSMP compared with the mice in the OA group, accompanied with the most significant decrease in the middle-MSMP group among MSMP groups (Figures 2C, D).
[image: Group of images showing histological sections and bar charts. Panels A and C display stained tissue samples under different treatment conditions, labeled Sham, OA, and Celecoxib, with increasing concentrations of MSMP (Low, Middle, High). Panels B and D present bar charts comparing percent positive area and positive cells among treatments, with statistical significance indicated.]FIGURE 2 | MSMP affected cartilage matrix metabolism in OA mice. (A) Immunohistochemical staining of Col2a1. (B) Statistical analysis of the positive expression for Col2a1. (C) Immunohistochemical staining of Mmp13. (D) Statistical analysis of the positive expression for Mmp13. Scale bar represents 100 μm (Date are mean ± SD, ####p < 0.0001, versus Sham group; *p < 0.05, **p < 0.01, ****p < 0.0001, versus OA group).
3.4 MSMP inhibited synovial inflammation and regulated macrophage polarization in OA mice
HE staining of synovium was performed to evaluate the effect of MSMP on synovial inflammation in OA mice (Figure 3A). The degree of synovia inflammation was evaluated by synovitis score (Figure 3B). As shown in Figure 3A, the synovial tissue displayed clear borders without inflammatory infiltration, and the synovial interstitial cells had a regular structure in the sham group, whereas the cells were characterized by increased density, a disorganized structure, obvious inflammatory infiltration and multiple vascular opacities in the OA group. The valuated results of Figure 3B manifested that synovia inflammation was greatly reduced in the treated groups. The synovitis score declined most significantly in the middle-MSMP group among MSMP groups.
[image: Panel A displays a series of histological images showing tissue samples under different conditions: Sham, OA, Celecoxib, Low-MSMSP, Middle-MSMSP, and High-MSMSP, each with magnified insets below. Panel B presents a bar graph comparing the effects of the treatments, highlighting changes in tissue properties, with significance indicated by asterisks.]FIGURE 3 | MSMP inhibited synovial inflammation in OA mice. (A) HE staining of the synovium in mice. (B) Synovitis score in mice; Scale bar represents 100 μm (Date are mean ± SD, ####p < 0.0001, versus Sham group; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, versus OA group).
Meanwhile, compared with the sham group, the OA group showed a significantly higher expression of the pro-inflammatory factor iNOS (M1 type) and a lower expression of anti-inflammatory factor Arg1 (M2 type) in the synovial tissues (Figure 4). The expression of iNOS was suppressed while the expression of Arg1 was promoted in the middle-MSMP group, suggesting that MSMP was involved in the immune regulation of synovial macrophages.
[image: Panel A shows histological images comparing sham, OA, Celecoxib, and Middle-MSMP groups, with varying degrees of coloration indicating different treatments. Panel B features a bar graph illustrating Arg1 positive cells in each group, with Middle-MSMP showing the highest increase. Panel C presents another set of histological images similar to Panel A. Panel D displays a bar graph of iNOS positive cells, with the OA group showing the highest percentage. Statistical significance is marked with asterisks in Panels B and D.]FIGURE 4 | MSMP was involved in immunoregulation of synovial macrophages. (A) Immunohistochemical staining of Arg1. (B) Statistical analysis of the positive expression for Arg1 in synovial tissue. (C) Immunohistochemical staining of iNOS. (D) Statistical analysis of the positive expression for iNOS in synovial tissue. Scale bar represents 100 μm (Date are mean ± SD, ####p < 0.0001, versus Sham group; **p < 0.01, ***p < 0.001, ****p < 0.0001, versus OA group).
3.5 MSMP affected the expression levels of serum IL-6, IL-10, and TNF-α in OA mice
The expression level of IL-6 and TNF-α was significantly increased (Figures 5A, B) while the expression level of IL-10 was dramatically decreased (Figure 5C) in the serum of the OA group compared with those in the sham group. In contrast with the OA group, the expression of inflammatory and anti-inflammatory factors in the treated groups was significantly changed after the administration of celecoxib or MSMP gavage, and the middle-MSMP group showed the optimal inhibited effect on the expression of inflammatory factors and promoted effect on the expression of anti-inflammatory factor among MSMP groups.
[image: Bar graph comparing serum levels of different cytokines across various groups: Sham, OA, Celecoxib, Levobupivacaine-MNP, and High-MNP. Panel A shows serum IL-6 levels, Panel B shows serum TNF-α levels, and Panel C shows serum IL-10 levels. Each panel indicates significant differences between groups, denoted by asterisks, highlighting the impact of treatments on cytokine concentrations in the groups.]FIGURE 5 | MSMP affected the expression levels of serum IL-6, IL-10 and TNF-α in OA mice. (A) Expression level of serum IL-6; (B) Expression level of serum TNF-α; (C) Expression level of serum IL-10 (Date are mean ± SD, ####p < 0.0001, versus Sham group; **p < 0.01, ***p < 0.001, ****p < 0.0001, versus OA group).
3.6 MSMP-containing serum regulated M1/M2 polarization of macrophages
The mRNA level of pro-inflammatory or anti-inflammatory markers was tested to investigate the effect of MSMP-containing serum on macrophage polarization. In the LPS group, the expression of CD86, iNOS, TNF-α, and IL-6 was increased, while the expression of Arg1 and IL-10 was decreased, suggesting that LPS promoted the M1 polarization and inhibited the M2 polarization of macrophages (Figure 6). After intervention with MSMP-containing serum, the expression of CD86, iNOS, TNF-α, and IL-6 was decreased, while the expression of Arg1 and IL-10 was increased demonstrating that MSMP-containing serum promoted the polarization of macrophages from M1 to M2 phenotype. The most significant change was observed in the middle-MSMP group.
[image: Bar graphs showing the relative expression of various mRNAs: (A) IL-6, (B) TNF-α, (C) iNOS, (D) CD68, (E) IL-10, and (F) Arg1. Groups include Control, LPS, LPS plus Low Dose Maltol, and LPS plus High Dose Maltol. Each bar has significance markers, indicating statistical differences among groups.]FIGURE 6 | MSMP-containing serum regulated M1/M2 polarization of macrophage. (A) Relative mRNA expressions of IL-6; (B) Relative mRNA expressions of TNF-α; (C) Relative mRNA expressions of iNOS; (D) Relative mRNA expressions of CD86; (E) Relative mRNA expressions of IL-10; (F) Relative mRNA expressions of Arg1 (Date are mean ± SD, ####P < 0.0001, versus Control group; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, versus LPS group).
3.7 MSMP-containing serum inhibited NF-κB pathway in macrophages
Western blotting and immunofluorescence assay were performed to explore the molecular mechanism underlying the immunoregulation of MSMP-containing serum on macrophages. The results of Western blotting and data analyses showed that the relative expression of p-p65 protein was significantly enhanced in macrophages induced with LPS compared with controls, while the middle-MSMP-containing serum partly reversed the expression of p-p65 (Figures 7A–C). The results of immunofluorescence and data analyses demonstrated that the p-p65 expression was weak in the control group, whereas the p-p65 expression was significantly enhanced and p-p65 protein partially translocated into the nucleus in the LPS group. The serum-containing group suppressed the expression and nuclear translocation of p-p65 (Figures 7D–F). Therefore, LPS could activate the NF-κB pathway, whereas MSMP-containing serum inhibited the NF-κB pathway in macrophages.
[image: Western blot and microscopy data show p-p65 levels in control, LPS, and LPS plus I@MP groups. Panels A, B, and C depict protein expression and quantification of p-p65 and p65, corrected with β-actin. Panel D shows immunofluorescence staining of p-p65 (red) with DAPI (blue) and merged images. Graphs E and F quantify relative intensities and nuclear localization. Statistical significance is marked.]FIGURE 7 | MSMP-containing serum inhibited NF-κB pathway in macrophages after LPS induction. (A) Western blot analysis of p-p65, p65 and β-actin; (B) Statistical analysis of the Western blot results for p-p65/β-actin (%); (C) Statistical analysis of the Western blot results for p-p65/p65 (%); Quantification of the proteins was analyzed by the ImageJ software. (D) The immunofluorescence assay shows the blue fluorescence for DAPI, the red fluorescence for p-p65 and finally the merge plot; (E, F) The expression of p-p65 was analyzed by the ImageJ software. Scale bar represents 100 μm (Date are mean ± SD, ####p < 0.0001, versus Control group; ***p < 0.001, ****p < 0.0001, versus LPS group).
4 DISCUSSION
The present study revealed the therapeutic effects of MSMP on OA mice and the regulation of MSMP-containing serum on macrophage phenotype. As shown in Figure 8, in vivo studies showed that the articular cartilage degeneration was reduced and the synovial inflammation was alleviated in the mice treated with MSMP by gavage compared with OA mice. The expression of increased Col2a1 and decreased Mmp13 in articular cartilage showed that MSMP enhanced anabolism and attenuated catabolism of cartilage matrix in the treated mice. The expression of changed Arg1 and iNOS in synovium indicated that MSMP partly reversed the M1/M2 polarization imbalance of synovial macrophages in the treated mice. The increased IL-6 and TNF-αthe decreased IL-10 in serum in the treated mice implied that MSMP inhibited the inflammation. In in vitro studies, an inflammatory model of mouse macrophages was induced by LPS, followed by treatment with MSMP-containing serum intervention. A decrease in the expression of pro-inflammatory markers of CD86, iNOS, TNF-α and IL-6, and an increase in the expression of anti-inflammatory markers of Arg1 and IL-10 in the intervened group demonstrated that MSMP-containing serum switched M1/M2 phenotype of macrophages. Furthermore, MSMP-containing serum inhibited the NF-κB signaling pathway after LPS induction. The function of the middle MSMP was most effective for OA treatment and the middle-MSMP containing serum showed the optimal ant-inflammatory effect in macrophages, indicating that the therapeutic effect of MSMP is relatively sensitive and the concentration of the botanical drug needs to be controlled within a certain range.
[image: Schematic illustrating a study design with two pathways. The upper pathway shows in vivo administration of Modified Si Miao Powder (MSMP) to C57BL/6 mice for 42 days, leading to osteoarthritis (OA) and therapy joints, with indicators like synovitis and cartilage scores. The lower pathway depicts in vitro administration for 7 days, impacting LPS-induced M1 macrophages and transitioning to M2 macrophages, with cytokine and gene expression changes shown. Herbal components are depicted in an inset.]FIGURE 8 | The schematic diagram shows experimental steps and therapeutic effects of MSMP on OA in vivo and in vitro. In the in vivo experiments, MSMP suppressed cartilage degeneration, synovial inflammation and affected the expression levels of inflammatory factors in the serum of OA mice; in the in vitro experiments, MSMP switched the phenotype of macrophages by inhibiting the NF-κB signalling pathway.
OA is a chronic joint disease characterized by destruction of articular cartilage and inflammatory infiltration of synovium. The articular cartilage is a tough, tension-bearing connective tissue that covers the surface of joints, not containing blood vessels or lymphatic vessels. The synovium is a layer of loose connective tissue attached to the inside of the joint capsule, and is rich in blood vessels important for the nutrition of articular cartilage. The synovial fluid secreted by the synovium has a lubricating effect on the tissues in the joint cavity and plays a protective role in the articular cartilage (Cheleschi et al., 2022). In recent studies, the presence of synovial lesions has become an essential pathological manifestation in the onset of OA and one of the dominant factors in the development of OA (Ishibashi et al., 2020; Oo et al., 2020). The inner layer of the synovium is called the cellular layer, which consists of one to three cell layers, mainly including synovial macrophages, synovial fibroblasts and mast cells. Synovial macrophages are the main inflammatory cells involved in synovial inflammation, possessing both pro-inflammatory (M1) and anti-inflammatory (M2) phenotypes. M1-type macrophages secrete inflammatory factors such as IL-1β, IL-6, and TNF-α, which further accelerate synovial inflammation and disrupt the balance of articular cartilage matrix metabolism. M2-type macrophages secrete anti-inflammatory factors such as Arg1 and IL-10, which play a fundamental role in inhibiting inflammation (Wang et al., 2018; Liao et al., 2020). Therefore, the local inflammatory response in joint tissues can further activate M1 phenotype of macrophages and accelerate the degradation of articular cartilage. Promoting the polarization of synovial macrophages from M1 to M2 phenotype can inhibit synovial inflammation and play a protective role for articular chondrocytes (Sellam and Berenbaum, 2010; Berenbaum, 2012). In our study, we found that MSMP promoted the transition from M1 phenotype to M2 phenotype of macrophages in vivo and in vitro.
The herbal formula of MSMP in the present study included six Chinese herb. The active metabolite of Atractylodes Rhizome, atractylone, has significant anti-inflammatory and analgesic effects (Koonrungsesomboon et al., 2014). The study of Chen et al. showed that atractylone could inhibit LPS-induced NO and COX-2 expression in RAW264.7 cells (Chen et al., 2016). Qu et al. reported that the extracted atractylodes oil from Atractylodes Rhizome could effectively suppress the expression of pro-inflammatory factors such as TNF-α and IL-6 in the serum of rats with adjuvant arthritis (Qu et al., 2020). Cortex phellodendri has been demonstrated to have significant anti-inflammatory effects, with berberine and citrulline-based alkaloids as the major anti-inflammatory metabolites (Fujii et al., 2017). Yan et al. found that Huang Bai Jian Pi decoction affected PI3K/Akt/NF-κB signaling pathway and suppressed the expression of inflammatory cytokines in a TNF-α-induced diarrhea model of rats (Yan et al., 2022). Achyranthis Bidentatae Radix is widely used in Chinese orthopedics and traumatology for the treatment of OA. Weng et al. found that Achyranthis Bidentatae polysaccharides promoted chondrocyte proliferation and upregulated the expression of type II collagen (Weng et al., 2014). β-ecdysterone, as a major metabolite of Achyranthis Bidentatae Radix, suppressed inflammation and apoptosis in rat chondrocytes by preventing NF-κB signaling pathway (Zhang et al., 2014). As a commonly employed tonic in traditional medicine, Coicis Semen has a mild effect, and is also widely used in daily life for dietary therapy owing to the belief that it can improve the immunity of the body (Zeng et al., 2022). Eriodictyol and eramide were first identified from the extract of Coicis Semen. They showed significant anti-inflammatory activity in LPS-induced RAW264.7 cells (Huang et al., 2009). Asperosaponin VI, extracted from Dipsaci Radix, decreased the levels of TNF-α and IL-6 in myocardial infarction rats and collagen induced arthritis rats (Li et al., 2012; Liu et al., 2019). Drynariae Rhizoma is a common adjuvant in orthopedics. It has been indicated that total flavonoids and naringenin, which are effective metabolite extracted from Drynariae Rhizoma, could inhibit inflammation and downregulate the expression of matrix metalloproteinases in articular cartilage (Zhao et al., 2021; Pan et al., 2022).
NF-kB signaling pathway is pivotal to TLR-medicated inflammation responses in all macrophages. LPS acts as an endotoxin that is mainly recognized by TLR4 in the cell membrane of macrophages, which can promote the expression of NF-κB signaling pathway (Xiang et al., 2011; Zhao et al., 2019). NF-kB is an important nuclear transcription factor involved in the activation of various pro-inflammatory factors, including iNOS, TNF-α and IL-6 (Wang and He, 2022). In the previous studies, the activation of the NF-κB pathway promotes macrophages to release pro-inflammatory molecules and tend to serve as M1 phenotype (Lu et al., 2021). On the contrary, the inhibition of the NF-κB pathway leads to the upregulation of anti-inflammatory factors and the M2 polarization of reprogrammed macrophage, thus contributing to the prevention and treatment of some disease, such as liver inflammation and acute myocardial infarction (Li et al., 2020; Cai et al., 2022; Zhao et al., 2022). In the present study, MSMP switched M1 to M2 phenotype of macrophages in synovium of OA mice, which could inhibit synovitis and thus change the microenvironment in knee joint. The improved anti-inflammatory microenvironment might inhibit the chondrocyte death and the degradation of cartilage matrix, and thus alleviated OA progression. Meanwhile, the expression of inflammation related factors was also changed in the serum of OA mice. Furthermore, MSMP promoted the transition of macrophages from M1 to M2 phenotype by inhibiting the NF-κB pathway after LPS induction in vitro. The effects and molecular mechanism of MSMP on subchondral bone have yet to be further investigated.
5 CONCLUSION
In this study, we found that MSMP inhibited articular cartilage damage, balanced the cartilage matrix metabolism, slowed down synovitis, switched macrophage M1 to M2 polarization, decreased serum IL-6 and TNF-α levels and increased serum IL-10 levels in OA mice. Therefore, MSMP improved the microenvironment of knee joint and alleviated OA progression. The drug-containing serum of MSMP modulated M1-type and M2-type polarization of synovial macrophages by inhibiting the NF-κB signaling pathway. Taken together, this study provided an experimental basis for the therapeutic effect of MSMP on OA, as well as ideas for the therapeutic targets of MSMP in the treatment of OA.
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In the published article, there was an error in the Affiliation list. The Department of Joint Surgery and Translational Medicine Center of Honghui Hospital, Xi’an Jiaotong University are two parallel departments in the Hospital. These two departments were written as one affiliation, causing an error.
The affiliations previously stated:
“1 Department of Joint Surgery, Translational Medicine Center, Honghui Hospital, Xi’an Jiaotong University, Xi’an, Shaanxi, China
2 Department of Medical Technology, Guiyang Healthcare Vocational University, Guiyang, Guizhou, China”.
The corrected affiliation list appears below:
“1 Translational Medicine Center, Honghui Hospital, Xi’an Jiaotong University, Xi’an, Shaanxi, China.
2 Department of Joint Surgery, Honghui Hospital, Xi’an Jiaotong University, Xi’an, Shaanxi, China.
3 Department of Medical Technology, Guiyang Healthcare Vocational University, Guiyang, Guizhou, China.”
The authors apologize for this error and state that this does not change the scientific conclusions of the article in any way. The original article has been updated.
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Background: Osteoking has been extensively used for the treatment of knee osteoarthritis (KOA). However, it is lack of high-quality evidence on the clinical efficacy of Osteoking against KOA and the comparison with that of nonsteroidal anti-inflammatory drugs (NSAIDs).Aims: To evaluate the efficacy and safety of Osteoking in treating KOA.Methods: In the current study, a total of 501 subjects were recruited from 20 medical centers, and were divided into the Osteoking treatment group (n = 428) and the NSAIDs treatment group (n = 73). The Propensity Score Matching method was used to balance baseline data of different groups. Then, the therapeutic effects of Osteoking and NSAIDs against KOA were evaluated using VAS score, WOMAC score, EQ-5D-3L and EQ-VAS, while the safety of the two treatment were both assessed based on dry mouth, dizziness, diarrhea, etc.Results: After 8 weeks of treatment, the Osteoking group was compared with the NSAIDs group, the VAS score [2.00 (1.00, 3.00) vs. 3.00 (2.00, 4.00)], WOMAC pain score [10.00 (8.00, 13.00) vs. 11.00 (8.00, 16.00) ], WOMAC physical function score [32.00 (23.00, 39.00) vs. 39.07 ± 16.45], WOMAC total score [44.00 (31.00, 55.00) vs. 53.31 ± 22.47) ], EQ-5D-3L score [0.91 (0.73, 0.91) vs. 0.73 (0.63, 0.83) ] and EQ-VAS score [80.00 (79.00, 90.00) vs. 80.00 (70.00, 84.00) ] were improved by the treatment of Osteoking for 8 weeks more effectively than that by the treatment of NSAIDs. After 8 weeks of treatment with Osteoking, the VAS scores of KOA patients with the treatment of Osteoking for 8 weeks were reduced from 6.00 (5.00, 7.00) to 2.00 (1.00, 3.00) (p < 0.05), which was better than those with the treatment of NSAIDs starting from 2 weeks during this clinical observation. Importantly, further subgroup analysis revealed that the treatment of Osteoking was more suitable for alleviating various clinical symptoms of KOA patients over 65 years old, with female, KL II-III grade and VAS 4-7 scores, while the clinical efficacy of NSAIDs was better in KOA patients under 65 years old and with VAS 8–10 scores. Of note, there were no differences in adverse events and adverse reactions between the treatment groups of the two drugs.Conclusion: Osteoking may exert a satisfying efficacy in relieving joint pain and improving life quality of KOA patients without any adverse reactions, especially for patients with KL II-III grades and VAS 4–7 scores.Clinical Trial Registration:: https://www.chictr.org.cn/showproj.html?proj=55387, Identifier ChiCTR2000034475Keywords: knee osteoarthritis, Osteoking, nonsteroidal anti-inflammatory drugs, clinical efficacy, safety
1 INTRODUCTION
Knee osteoarthritis (KOA) represents one of the most common musculoskeletal diseases and a major cause of disability in the elderly (Jang et al., 2021). With the acceleration of aging, the growth of the obese population and the extension of life expectancy, the prevention and treatment of KOA face severe challenges (Mahmoudian et al., 2021). Until 2020, the number of KOA patients has been increased to 317 million and is still growing worldwide. It is estimated that by 2050, the number of KOA patients will be reached 642 million (GBD, 2023; Mahmoudian et al., 2021). In China, the prevalence rate of symptomatic KOA among people over 65 years old is 60%, and the detection rate of radiological KOA is as high as 80% (Huang et al., 2018). The characteristics of KOA are long-term and irreversible diseases, which can cause pain, inconvenience, and even disability, placing a huge burden on patients’ physical and mental health and seriously interfering with their quality of life (Hattori et al., 2024). In addition, the high medical costs and corresponding indirect costs of KOA not only increase the economic burden on individuals and families, but also have a negative impact on the national medical system, and increase social and economic costs (Tang et al., 2016). Conservative treatment, as a first-line treatment to slow down disease progression, and to avoid or delay knee replacement surgery, has become increasingly important in the long-term management of KOA (Lim and Al-Dadah, 2022). Conservative treatment is mainly based on pain control and cartilage nutrition programs, with limited effects on the joints. In fact, KOA involves multiple lesions and complex pathological changes, which are the result of long-term interweaving of multiple pathogenic factors. The efficacy of local and single Western medicine treatment is limited (Savvari et al., 2023). In addition to the conventional treatment of KOA, traditional Chinese medicine is also an essential therapeutic strategy, which has been widely used in China and other Asian countries. According to statistics based on more than 30000 KOA patients in Taiwan, China, 76.7% of them have applied traditional Chinese medicine (including traditional Chinese patent medicines and simple preparations and acupuncture and moxibustion), and the final joint replacement rate is lower than that of western medicine (Lo et al., 2019).
Traditional Chinese Medicine (TCM) classifies KOA as “impediment disease.” According to TCM theory, KOA is a syndrome of deficiency of the root and excess of the branch. The invasion of external pathogens such as wind, cold, and dampness is the manifestation of the disease, while the deficiency of the liver and kidney is the root cause of the disease. The obstruction of the meridians is the central link in the pathogenesis. Osteoking originated from the Yi ethnic group in Yunnan Province, China, and is also known as Henggu Gushang Yuheji. Osteoking is a traditional Chinese patent medicines and simple preparations approved for marketing by the State Food and Drug Administration in 2002, and is a commonly used drug for KOA treatment. Osteoking is a commonly used medication for KOA therapy with a satisfying clinical efficacy (Li et al., 2023; Ling et al., 2021). Our preliminary study indicated that Osteoking may promote bone formation by regulating ZBP1–STAT1–PKR axis, leading to inhibit RIPK1/RIPK3/MLKL activation-mediated necroptosis (Zhang et al., 2024). However, it is lack of high-quality evidence on the clinical efficacy of Osteoking against KOA and the comparison with that of nonsteroidal anti-inflammatory drugs (NSAIDs). Therefore, we designed a prospective, multicenter, non-randomized controlled study to further evaluate the clinical efficacy and safety of Osteoking in the treatment of KOA from a macro perspective.
2 MATERIAL AND METHODS
2.1 Investigational medications
As a “Type A extract” (Heinrich et al., 2022), Osteoking is composed of eight botanical drugs and one animal-derived drug. Utilizing modern pharmaceutical technology, these nine drugs were combined in various ratios, subsequently extracted, concentrated, and filtered to produce Osteoking. The proportion of drugs contained in each standard dose (1,000 mL) of Osteoking is as follows: Citrus reticulata Blanco [Rutaceae]: 10 g, Carthamus tinctorius L. [Asteraceae]: 15 g, Panax notoginseng (Burkill) F.H.Chen [Araliaceae]: 30 g, Eucommia ulmoides Oliv. [Eucommiaceae]: 30 g, Panax ginseng C.A.Mey. [Araliaceae]: 20 g, Astragalus mongholicus Bunge [Fabaceae]: 40 g, Datura metel L. [Solanaceae]: 6 g, Schizophragma integrifolium Oliv, a synonym of Hydrangea ampla (Chun) Y.De Smet & Granados [Hydrangeaceae]: 10 g, Carapax Trionycis, The back shell of the animal Trionyx sinensis Wiegmann of family Trionychidae: 10 g. Osteoking has been approved by the National Medical Products Administration (NMPA) (approval number: Z20025103). The oral liquid was manufactured by Yunnan Crystal Natural Pharmaceutical Co., Ltd. (Batch number: 20201016/202104026) (Supplementary Material S1–3).
2.2 Study design
We designed a nationwide, prospective, multi-center, non-randomized controlled study to evaluate the efficacy and safety of Osteoking in the treatment of KOA. From 1 May 2020 to 31 December 2021, patients with KOA were recruited from 12 provinces/municipalities directly under the central government, 20 medical centers, 13 western hospitals, and 7 traditional Chinese medicine hospitals in China. The detailed information of the clinical trial center and the proportion of patient sources are shown in Supplementary Material S4. The design and protocol of this study have been approved by the Ethics Review Committee of Peking Union Medical College Hospital (No. HS-2363) and the Medical Ethics Committee of Wangjing Hospital of Chinese Academy of Traditional Chinese Medicine (No. WJEC-KY-2020-006-P003). This study has been registered in the China Clinical Trial Registration Center (Registration No. ChiCTR2000034475).
2.3 Participants
All of patients who met the following characteristics were included (Kolasinski et al., 2020): 1) Subjects must meet the 1995 KOA diagnostic criteria of the American College of Rheumatology; 2) age ≥40 years; 3) signed informed consent, voluntary subjects; 4) good compliance with observation and evaluation, able to complete treatment as required.
Patients were excepted from this study if they met one or more: 1) Non-primary arthritis (traumatic arthritis, rheumatoid arthritis, gouty arthritis, metabolic bone disease, etc.); 2) Patients with severe medical or psychiatric conditions that prevent them from cooperating with the researchers; 3) Pregnant or lactating women; 4) Allergic individuals and those who are allergic to multiple drugs; 5) Use of other drug therapies in addition to the intervention method.
Patients withdrew from the study for any of the following reasons: 1) unwillingness to participate in the study; 2) injury, fracture, or specific pathological changes occurred during the trial, requiring the intervention to be stopped; 3) any allergic reaction or serious adverse event occurred.
2.4 Intervention
The experimental group was given Osteoking, 25 mL per oral administration, once every 2 days, for 12 days as a course of treatment, for a total of two courses. The control group was given non-steroidal anti-inflammatory drugs orally, including loxoprofen sodium tablets and celecoxib capsules. The specific course of treatment was recommended by international guidelines (Bannuru et al., 2019; Brophy and Fillingham, 2022).
2.5 Outcome
Patients were evaluated before treatment and at 2, 4, and 8 weeks of treatment.
The primary outcome measure was the VAS score. The primary end point is the VAS score after 8 weeks of treatment.
The second outcome measure include: 1) WOMAC total score and WOMAC subscale scores (WOMAC pain score, WOMAC stiffness score, and WOMAC physical function score). 2) The EuroQol Five Dimensions descriptice system (EQ-5D-3L) scale and the EuroQol Visual Analogue Scale (EQ-VAS) (EuroQol Group, 1990). Using the Chinese residents’ quality of life utility value scoring system (Luo et al., 2017), the specific calculation formula and evaluation system can be found in Supplementary Material S5.
2.6 Adverse events
Adverse events are defined as any adverse medical events related to the treatment regimen that result in persistent or worsening symptoms in patients requiring additional intervention. In this study, patients were asked to report any adverse outcomes they considered to be related to treatment, including complications, signs, or symptoms, at each follow-up visit. The incidence of adverse events is considered an indicator of safety evaluation.
2.7 Statistical analysis
Statistical analysis was performed using SPSS 26.0 software. Hypothesis testing was conducted using a two-sided test, with p < 0.05 indicating statistical significance. Descriptions of quantitative indicators were presented as N (%), Mean ± SD, or Median (Q1, Q3). Comparisons between two groups were measured using independent sample t-tests or Mann-Whitney U rank sum tests for continuous data, and chi-square tests or Fisher’s exact tests for discrete data. Generalized linear mixed models (GLMM) were used to compare repeated measurements between groups. The model included treatment, time, and the interaction between treatment and time as fixed effects, and patient-specific random intercepts. Patients were stratified by age, gender, KL grade, and Chinese Medicine staging (CMS) (Chen W. et al., 2023) (CMS I: VAS 0–3, CMS II: VAS 4–7, CMS III: VAS 8–10). GLMM were used to compare the efficacy of different populations in the two groups.
3 RESULTS
3.1 Demographics and baseline characteristics of the patient
A total of 1002 participants were recruited for this study, and 952 participants completed follow-up. Among them, 501 patients met the inclusion and exclusion criteria, including 428 patients in the Osteoking treatment group and 73 patients in the NSAIDs treatment group. There were significant differences in age, body weight, BMI, VAS before treatment, WOMAC pain, WOMAC stiffness, WOMAC function, WOMAC total score, and health assessment score between the two groups. To avoid baseline-induced bias, the PSM method was used to perform 1:1 matching to balance covariate bias. A total of 70 patients using Osteoking (Osteoking group) and 70 patients using NSAIDs (NSAIDs group) were enrolled. The baseline data are provided in Table 1, the trial process is shown in Figure 1, and the baseline distribution of cases before and after propensity matching is shown in Supplementary Material S6, 7.
TABLE 1 | The baseline characteristics before and after Propensity Score Matching (PSM).
[image: A table compares variables between osteoarthritis treatment groups before and after propensity score matching (PSM), including demographics, physical metrics, occupation, lifestyle factors, KL grade, VAS score, and WOMAC scores. Data are presented as means, medians, and statistical significance values, highlighting differences in age, weight, BMI, smoking, drinking, and treatment effects.][image: Flowchart outlining a clinical study in China for KOA patients from May 1, 2020, to December 31, 2021, with 1,002 participants. It's divided into the Osteoking Group (683) and NSAIDs Group (319). Exclusions due to incomplete follow-ups reduce the groups to 638 and 314, respectively. Further exclusions based on criteria result in 428 for Osteoking and 73 for NSAIDs. Propensity score matching finalized both groups to 70 each to balance covariate bias.]FIGURE 1 | Illustration of the trial process carried out in the current study.
3.2 The primary outcome measure
The VAS scores were improved significantly by the treatment of both Osteoking and NSAID (p < 0.001). Notably, After 8 weeks of treatment, the VAS score of the Osteoking treatment group after 8 weeks was effectively reduced to 2.00 (1.00, 3.00), which was lower than that of the NSAIDs treatment group’s 3.00 (2.00, 4.00) (p < 0.001). Moreover, from the 2 weeks of treatment, the VAS scores of the two groups showed significant differences, and this trend continued until the 8 weeks Table 2 and Figure 2, Supplementary Material S8.
TABLE 2 | Primary and Secondary outcomes at 8 Weeks.
[image: Table comparing various scores between total patients, Osteoking group, and NSAIDs group. Scores include VAS, WOMAC pain, stiffness, physical function, total score, EuroQol5D-3L, and EuroQol VAS. Significant differences noted in VAS, WOMAC pain, physical function, total score, EuroQol5D-3L, and EuroQol VAS. Statistical values and P-values are provided, indicating significant results for most measures except WOMAC stiffness score.][image: A series of line graphs comparing the effects of Osteoking and NSAIDs over ten weeks on various scores. Graphs include VAS score, WOMAC pain, stiffness, physical function, total score, and EuroQoL-3L and VAS scores. Red and blue lines represent Osteoking and NSAIDs, respectively, with asterisks indicating significant differences. All graphs show changes over time, with Osteoking generally performing better.]FIGURE 2 | Shows the overall trend of VAS, WOMAC, EuroQol5D-3L and EuroQol VAS scores.
3.3 The secondary outcome measure
The intra-group multiple comparisons of WOMAC scores at each time point showed a significant improvement in both Osteoking and NSAIDs treatment groups according to the comparison between before and after the treatment (p < 0.001). All the WOMAC pain score, WOMAC physical function score and WOMAC total score were reduced by the treatment of Osteoking for 8 weeks, which was lower than those in the NSAIDs treatment group (p < 0.05), but there was no difference in the improvement of WOMAC stiffness score between the Osteoking treatment group and the NSAIDs treatment group (p > 0.05). Table 2 and Figure 2, Supplementary Material S9.
The intra-group multiple comparisons of EQ-5D-3L and EQ-VAS at each time point both showed a significant improvement by the treatment of Osteoking and NSAIDs (p < 0.001). After 8 weeks of treatment, both the EQ-5D-3L and EQ-VAS in the Osteoking treatment group were higher than those in the NSAIDs treatment group (p < 0.05). Moreover, from the 4 weeks of treatment, the EQ-VAS of the two groups showed significant differences, and this trend continued until the 8 weeks Table 2 and Figure 2, Supplementary Material S10.
The values shown are the least squares mean values calculated based on the generalized linear mixed model, and there was a significant improvement in both groups after and before treatment (p < 0.001).
Independent sample t-test or rank sum test was conducted between the two groups, *p < 0.05, **p < 0.01, ***p < 0.001.
3.4 Subgroup analysis
For subgroup analysis, we stratified patients by age, gender, K-L grade, and Chinese Medicine staging (CMS), and then compared the differences in VAS scores in different subgroups after 8 weeks of treatment using GLMM. As shown in Figure 3, the KOA patients with CMS III, the NSAIDs treatment group was better than the Osteoking treatment group (p < 0.001). Regarding to the KOA patients with CMS II, the improvement on VAS scores in the Osteoking treatment group was better than that in the NSAIDs treatment group (p < 0.001). Due to the small sample size of the KOA patients with CMS I, GLMM statistics could not be performed. In addition, the improvement on VAS scores in the Osteoking treatment group was better than that in the NSAIDs treatment group for all KOA patients with K-L Ⅱ-Ⅲ grades (p < 0.001), but there was no difference in clinical efficacy of Osteoking between the two groups with K-L 0-Ⅰ grade. Moreover, the clinical efficacy of Osteoking treatment in KOA patient over 65 years old was better (p < 0.05), while that of NSAIDs treatment in KOA patients under 65 years old was better (p < 0.01). Interestingly, NSAIDs treatment was more suitable for female patients (p < 0.001), while the two treatment showed similar clinical efficacy in male patients.
[image: Forest plot illustrating differences among various groups based on Chinese Medicine Staging (CMS), K-L grade, age, and gender. It includes effect sizes, 95% confidence intervals, and p-values for each category, indicating statistical significance in some cases. The x-axis ranges from 0 to 3, with markers and lines denoting the effect sizes and confidence intervals for CMS III, CMS II, CMS I, K-L grade II-III, K-L grade 0-1, age over 65 years, age under 65 years, female, and male categories.]FIGURE 3 | Forest plot of subgroup analysis among the Osteoking treatment group and the NSAIDs treatment group.
Taking the NSAIDs treatment group as the coefficient 1, under the premise of p < 0.05, B < 1 indicates that the efficacy of the Osteoking treatment group is weaker than that of the NSAIDs treatment group, and B > 1 indicates that the efficacy of the Osteoking treatment group is superior to that of the NSAIDs treatment group. Stratification was performed by different subgroups. The differences among various groups were calculated using generalized linear mixed model based on the least squares mean, with a 95% confidence interval in parentheses. The p-value was corrected to a significance level of 0.05 using Bonferroni’s method.
3.5 Safety outcomes
A total of 14 adverse events occurred in 501 subjects (2.79%), including 5 adverse reactions (1.00%). All subjects did not stop taking the drug and completed follow-up. Among them, 13 adverse events occurred in the Osteoking treatment group (3.04%), including 5 adverse reactions (1.17%); one adverse event occurred in the NSAIDs treatment group (1.37%), with no drug-related adverse reactions. There was no difference in the incidence of adverse events and adverse reactions between the two groups (p > 0.05). No serious adverse events occurred in either group. Table 3, Supplementary Material S11.
TABLE 3 | Comparison of adverse events (adverse reactions) between the two groups.
[image: A table comparing the incidence of adverse events in total, Osteoking group, and NSAIDs group. Adverse events: 14 total, 13 in Osteoking, 1 in NSAIDs. Serious adverse events: 0. Adverse reactions: 5 total, all in Osteoking. X² values are listed with P-values for statistical significance.]4 DISCUSSION
KOA has become a worldwide medical problem due to its high incidence rate, high disability rate, high health hazards and high economic burden. It is of great significance to study the clinical efficacy characteristics and advantages of drugs in the treatment of KOA for guiding clinical rational drug use. This national trial is the first study to compare the effectiveness and safety of using Osteoking and non steroidal anti-inflammatory drugs in the treatment of Chinese patients with KOA. At present, drug therapy for KOA mainly includes NSAIDs, glucosamine, and sodium hyaluronate injection. Among them, NSAIDs are recognized as first-line KOA drugs, but there are gastrointestinal and cardiovascular safety risks (Park et al., 2023). In recent years, more and more evidence shows that the treatment of traditional Chinese medicine is effective in preventing and treating KOA, improving clinical efficacy and reducing adverse reactions (Ye et al., 2023), especially for Xianling Gubao Capsule (Wu et al., 2021), Zhuanggujie Capsule (Lu et al., 2018), Jintiange Capsule (Chen Z. et al., 2023), Xiaotong Patch (Guo et al., 2021), Compound Nanxing Zhitong Paste (Wang et al., 2012), Gutong Patch (Wang et al., 2023) and other traditional Chinese patent medicines and simple preparations, which have been recommended in many Chinese clinical guidelines (Joint Surgery Group of Chinese Medical Association, 2021; Standardization project team of traditional Chinese, 2021; Orthopedics and Traumatology Branch of China, 2020; Chen et al., 2016).
As a legacy of thousands of years of Chinese civilization, TCM has gained much attention for its outstanding efficacy in treating KOA. In addition to its therapeutic effect, it also has the characteristic of fewer adverse reactions. Some studies have shown that some traditional Chinese medicines can improve the progression of KOA and protect joint cartilage cells (Xia et al., 2020). Osteoking is composed of 9 kinds of drugs, which have the effects of promoting blood circulation, enriching qi, nourishing liver and kidney, healing bones and muscles, reducing swelling and pain, and promoting fracture healing. Osteoking is mainly used for bone and joint diseases, femoral head necrosis, lumbar disc herniation, and fractures. Acute and long-term toxicity tests showed no abnormal changes in various physiological indicators in animals, indicating that the preparation is safe (Supplementary Material S12–14).Based on the UPLC analysis, five drug monomers were identified, including Astragaloside, Aucubin, Ginsenoside, Notoginsenoside, and Hesperidin (Xia et al., 2020). Modern research has found that astragaloside can inhibit inflammatory factors such as IL-1β, IL-6, TNF-α, NF-κB, and improve cartilage degradation (Li et al., 2019). Aucubin can inhibit the apoptosis of chondrocytes, protect articular cartilage and slow down osteoarthritis (Wang et al., 2019). Ginsenoside can inhibit inflammation and pyroptosis, and has a clear anti-OA effect (Tian et al., 2023; Luan et al., 2022). Notoginsenoside improves OA by inhibiting the PI3K/Akt/NF-κB pathway by down-regulating the expression of inflammatory factor MRNA (Ju et al., 2020). Hesperidin can prevent chondrocyte damage caused by antioxidant effect in vitro (Gao et al., 2018), and also has the effect of anti-inflammatory factors (Fu et al., 2018).Osteoking can slow the progression of osteoarthritis by preventing cartilage degeneration, reducing subchondral sclerosis, and improving gait disorders. The mechanism of action of Osteoking in treating KOA may be closely related to TGF-β, TNF-α, and NF-κB cell signaling pathways (Xia et al., 2020). By promoting the secretion of TGF-β1 and participating in TGF-β signaling pathway transduction, it promotes the secretion of extracellular matrix by joint cartilage cells, inhibits cartilage cell apoptosis, increases the adaptability of cartilage cells to mechanical stress, thereby protecting joint cartilage. At the same time, it can also inhibit the activation of inflammatory signaling pathways TNF-α and NF-κB by reducing the expression of RELA and TNFRSF1A, thereby inhibiting inflammatory response and cell apoptosis (Li et al., 2023).
This study is a national prospective case-control study. In order to avoid the bias caused by the baseline in different regions, the propensity score is used for processing. Compared with the results before matching, the components of the main efficacy indicators are almost the same (Supplementary Material S15). This study showed improvement in primary and secondary efficacy evaluations, including VAS, WOMAC, and EQ-5D in all groups. This study demonstrates that both Osteoking and NSAIDs can effectively alleviate pain, improve daily life, and enhance quality of life in KOA patients. Starting from the second week, Osteoking showed a better pain relief effect than NSAIDs, with a more significant advantage at 4 and 8 weeks. Osteoking was superior to NSAIDs in improving pain and difficulty in daily activities in week 8. In terms of morning stiffness, both treatment methods showed significant improvement compared to before treatment, but there was no difference. For KOA patients with elderly or comorbidities, the use of oral nonsteroidal anti-inflammatory drugs is usually limited, as patients with comorbidities are more prone to side effects, and their incidence will gradually increase (Osani et al., 2020). Therefore, Osteoking is an optional traditional Chinese patent medicines and simple preparations with comparable clinical efficacy of NSAIDs, and it has more advantages in improving pain and daily life after 2 weeks.
KOA affects all aspects of daily life, and related deformities can lead to a stiff, unstable, and painful gait, thereby reducing the distance of independent walking, accompanied by weight gain, sleep problems, and depression (Czypionka et al., 2020). As the population ages and obesity problems become increasingly serious in many countries, the economic burden on the healthcare system may be higher in the coming years (Salmon et al., 2016). Most official national pharmacoeconomic evaluation guidelines mention EQ-5D as the preferred tool for determining health utility or as a description of suitable tools (Fawaz et al., 2023). EQ-5D is a preference-based measure of health that is widely used in economic evaluation of health technologies (Brooks, 1996; Hainsworth et al., 2024). The results of this study show that Osteoking has significant advantages over NSAIDs in improving quality of life and perceived health status at 2 and 8 weeks. The use of Osteoking can further improve medical burden.
The symptoms of KOA patients are the main reason for seeking medical treatment. Therefore, our team proposed a staging method based on clinical symptoms, Chinese Medicine staging (CMS). Through a national cross-sectional study, comparing the correlation between CMS and Kellgren-Lawrence grading for treatment, it was found that CMS was more suitable for assessing the severity of symptoms in KOA patients to determine non-surgical treatment, but not as suitable as Kellgren-Lawrence grading for assessing surgical treatment (Chen et al., 2024).In order to find out which type of KOA population Osteoking has a therapeutic advantage, we conducted a subgroup analysis of common influencing factors (gender, age, KL grade) and different clinical stages (Chen et al., 2024; Cao et al., 2023). It is helpful for doctors to make personalized plans for different groups of people in clinical practice. We used stratified research to explore the efficacy characteristics of different populations. We found that for different CMS, NSAIDs are recommended for treatment in CMS III (VAS 8–10), which can effectively alleviate pain. Osteoking is recommended for use in CMS II(VAS 4–7), and its efficacy in improving pain is significantly better than NSAIDs, which may be related to multiple pathways involved in regulating inflammatory response and bone metabolism. For K-L II-III grades, and patients over 65 years old the efficacy of Osteoking is better than NSAIDs. Clinical medication can be based on population characteristics for reference. For patients under 65 years old and female, the efficacy of NSAIDs is better than Osteoking. A total of 14 adverse events occurred in this study, mainly including mild adverse events such as chest tightness, toothache, cold, sore throat, etc., including 5 cases of adverse reactions, which were drowsiness, dizziness, dry throat, dry throat, and dizziness. The clinical judgment was mild adverse reaction. No drug was stopped. There was no significant difference in the incidence of adverse events and non-drug reactions between the two groups, indicating that Osteoking has clear safety in clinical practice.
Although this study controlled confounding factors through prospective design and statistical processing, it still had the common limitations of real-world research. Randomization and blinding are difficult to achieve in real-world research. Compared with randomized controlled trials, there are more confounding factors and biases. Nevertheless, our results do provide preliminary confirmation of the efficacy and advantages of using Osteoking alone for the treatment of KOA. In the future, we will conduct targeted randomized controlled trials and mechanism studies.
5 CONCLUSION
This study shows that using Osteoking alone or NSAIDs alone has therapeutic effects in reducing joint pain and improving the quality of life of KOA patients, with good safety. However, Osteoking has better clinical efficacy in 2–8 weeks. For different characteristics of the population, we recommend Osteoking for patients with CMS II(VAS 4-7), K-L II-III grades, and patients over 65 years old, and NSAIDs for patients with CMS III(VAS 8-10) and patients under 65 years old.
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Background: Obesity imposes a significant socioeconomic burden owing to its high prevalence. In response to the adverse outcomes associated with conventional pharmacotherapy and the challenges of low adherence to lifestyle interventions, herbal medicine has surfaced as an actively utilized approach for weight loss. Therefore, this study aimed to analyze the characteristics and influencing factors of herbal medicine users for weight loss in adults.Methods: Overall, 22,080 participants were included based on data from the Korea National Health and Nutrition Examination Survey from 2010 to 2019. Simple logistic regression analyses were used to derive the associations between herbal medicine use for weight loss and individual characteristics. Three models were constructed utilizing multiple logistic regression analyses to assess the associations between herbal medicine use for weight loss and the combined characteristics of predisposing, enabling, and need factors according to Andersen’s model.Results: In the full adjustment model, women, younger adults, those with higher incomes, and individuals reporting higher levels of perceived stress were more prone to use herbal medicine for weight loss in the past year. Adults who identified body image as being fat/very fat, those who consumed alcohol, and those classified as severely obese by body mass index were also more prone to use herbal medicine for weight loss. In particular, adults with a higher rate and amount of weight loss in the past year were more likely to use herbal medicine for weight loss compared to those experiencing weight gain/no changes/loss of 0–3 kg.Conclusion: Our study was the first to derive the characteristics and influencing factors of herbal medicine users for weight loss among adults. These findings hold significant promise for informing future research endeavors and policy decision-making for effective resource distribution for obesity treatment.Keywords: herbal medicine, obesity, overweight, weight loss, korea national health nutrition examination survey
1 INTRODUCTION
Over the past 40 years since 1975, the global prevalence of obesity has nearly tripled, causing a significant socioeconomic burden worldwide, such as increased healthcare costs and loss of productivity (Tremmel et al., 2017; World Health Organization, 2021; Malkin et al., 2022). Preventing obesity is significant from a public health perspective for controlling non-communicable diseases such as metabolic syndrome, cardiovascular diseases, and cancers (Henry, 2011; Tiwari and Balasundaram, 2023). Additionally, beyond health concerns, a significant increase has been observed in the desire for weight loss, motivated by aesthetic reasons, irrespective of an individual body mass index (BMI), in recent years (Boepple et al., 2019; Teng et al., 2020). Data indicates that approximately 50% of US adults have attempted to lose weight, of which 66.7% were obese, while 26.5% were either underweight or normal weight (Martin et al., 2018). This underscores a significant interest in treating and preventing obesity for both health and aesthetic reasons.
Conventional treatments for obesity include lifestyle-related therapy, pharmacotherapy, and surgical procedures (Kim et al., 2023). However, owing to the potential for adverse effects associated with pharmacotherapy and poor adherence to lifestyle intervention (Lewis, 2019; Tak and Lee, 2021), herbal medicine (HM) has been used as an alternative for weight loss purposes (Eldalo et al., 2017; Cheon and Jang, 2021). In South Korea, Korean medicine, including HM, is recognized alongside conventional medicine. Moreover, a Korean medicine registry focusing on HM for weight loss has been established to investigate the clinical characteristics and safety profiles of various HM treatments (Ko et al., 2022). In addition, several clinical studies have been conducted to evaluate the effectiveness and safety of HM in managing obesity (Maunder et al., 2020; Park et al., 2022). According to the recent network meta-analysis, HM and HM plus acupuncture significantly reduced BMI compared with lifestyle management in children with simple obesity (Lee and Kwon, 2022). Furthermore, HM combined with acupuncture showed significantly higher total effective rate based on the improvement of obesity and related symptoms when compared with fenfluramine (Lee and Kwon, 2022).
Recently, policymaking according to evidence-based, real-world data (RWD) is increasing (Cave et al., 2019; Kc et al., 2023), with RWD finding utility in the integrative medicine field for scrutinizing health outcomes, healthcare utilization, and associated factors (Lee et al., 2022a; Lee et al., 2022b; Lee et al., 2023a; Lee et al., 2023b). By analyzing the characteristics and factors of HM users for weight loss, the demographics and variables of individuals who have unmet medical needs within conventional obesity treatment were identified. Addressing this population is significant as it mitigates serious socioeconomic risks. This information can be utilized as foundational data for establishing policies for efficient resource allocation. Additionally, the identified traits and factors can serve as valuable inputs when devising analysis methodologies for future prospective studies in this field. Factors influencing the use of HM for weight loss in children and adolescents have been recently reported (Yim and Lee, 2023); however, to our knowledge, no relevant studies have been conducted focusing on adults. Therefore, this study aimed to investigate the characteristics and influencing factors of adults using HM for weight loss. We utilized the Korea National Health and Nutrition Examination Survey (KNHANES) as our primary data source, which provides representative RWD.
2 METHODS
2.1 Data source and study participants
In this study, data from the fifth (2010–2012), sixth (2013–2015), seventh (2016–2018), and eighth (2019) KNHANES were used. KNHANES, implemented nationwide by the Korea Disease Control and Prevention Agency since 1998, serves as a fundamental data source for health policy development and evaluation, including national health promotion programs. The survey comprises a health interview conducted either a face-to-face interview or via self-administered questionnaires at mobile examination centers, health examinations involving measurements or assessments at mobile examination centers, and a nutrition survey conducted through face-to-face interviews at homes of individuals that were sampled (Kim, 2014; Kweon et al., 2014). Utilizing a complex sampling design, KNHANES ensures the representativeness and reliability of data collected from the nationwide target population (Kweon et al., 2014). Data from KNHANES are provided in a de-identified format, ensuring individual confidentiality, and can be accessed and downloaded from the official KNHANES website (https://knhanes.kdca.go.kr/knhanes/main.do). In this study, we analyzed health interview and examination data from KNHANES from 2010 to 2019 to identify the characteristics and factors associated with HM users for weight loss among adults. Consequently, the institutional review board of the Korea Institute of Oriental Medicine waived the requirement for ethics approval for this study (IRB No., I-2312/012-005).
Overall, 76,775 individuals participated in health interviews and examinations of KNHANES from 2010 to 2019. We chose 60,528 participants, excluding 16,247 participants under 19 years of age. After further exclusion of 5,223 participants with missing survey data, 54,975 participants were selected. Of these, 32,895 participants who had not attempted weight loss were excluded. Finally, 22,080 (7,896 men and 14,184 women) participants, including data from 588 HM users (50 men and 538 women) and 21,492 non-users (7,846 men and 13,646 women) were analyzed (Figure 1).
[image: Flowchart detailing the selection process of participants for a health study using data from KNHANES 2010 to 2019. Starting with 76,775 participants, exclusions occur for being under 19, missing values, incompatible factors, and weight loss attempts, resulting in a final sample of 22,080. The final group is divided into herbal medicine use (588) and non-use (21,492), with gender distribution provided for each group.]FIGURE 1 | Flowchart of the selection process of study participants.
2.2 Definition of herbal medicine used for weight loss
The HM users for weight loss were identified based on their responses to two questions: “Have you attempted weight control on your own in the past year?” and “What methods have you utilized for weight loss in the past year?” Participants who responded affirmatively to both questions, indicating they had attempted weight loss and had used HM, were categorized as the HM user group. Conversely, participants who indicated they had attempted weight loss but did not report HM use were classified as the HM non-user group. Responses excluding HM use for the second question included exercise, fasting for more than 24 h, eating a little, skipping meals, over-the-counter weight loss medicine, prescribed weight loss medication, healthy functional foods, and a monotrophic diet. Responses of participants to both questions were collected through self-administered surveys, adhering to guidelines that included detailed explanations for each question. This approach aimed to ensure participants understood the questions clearly and to minimize any potential recall bias (Korea Disease Control and Prevention Agency, 2012b; Korea Disease Control and Prevention Agency, 2013; Korea Disease Control and Prevention Agency, 2014; Korea Disease Control and Prevention Agency, 2015b; Korea Disease Control and Prevention Agency, 2016; Korea Disease Control and Prevention Agency, 2017; Korea Disease Control and Prevention Agency, 2018b; Korea Disease Control and Prevention Agency, 2019b).
2.3 Measures
Three factors, including individual characteristics, were analyzed based on Andersen’s theoretical framework to identify the characteristics and influencing factors of adult HM users for weight loss (Andersen, 1995; Babitsch et al., 2012; Von Lengerke et al., 2013). Andersen’s behavioral model provides a theoretical framework for understanding and predicting access to and utilization of healthcare services and identifying factors that influence the health behaviors and decisions of an individual (Andersen, 1995; Andersen, 2008). According to this model, healthcare service utilization is influenced by predisposing, enabling, and need factors, which respectively refer to the demographic characteristics of an individual, ability to access healthcare services, and motivation to utilize them (Andersen, 1995; Babitsch et al., 2012; Von Lengerke et al., 2013). In this study, predisposing factors identified from KNHANES questions included sex, age, region, education, and marital status, while enabling factors consisted of residential areas, household income, number of household members, employment status, health insurance type, and private health insurance. Need factors included perceived health status, limitations in daily activities, perceived stress, depression, perceived body image, weight changes, BMI, alcohol use, cigarette use, weekly walking frequency, hypertension, dyslipidemia, diabetes mellitus, and other chronic disease. Specifically, depression was categorized as either present or absent based on whether individuals had received a current diagnosis of depression from a physician. Weight changes were classified according to the amount of weight lost over the past year. Alcohol use was categorized based on the consumption rate in the past year, cigarette use was categorized based on the current smoking habit of an individual, and walking per week was categorized based on the number of days individuals walked for more than 10 min at a time during the past week. Hypertension, dyslipidemia, and diabetes mellitus were categorized based on the current presence or absence of each disease after diagnosis by a physician. Other chronic disease was determined based on the presence or absence of a diagnosed disease among the following nine conditions: stroke, myocardial infarction or angina pectoris, arthritis, pulmonary tuberculosis, asthma, atopic dermatitis, thyroid disease, cancer, and chronic liver disease (hepatitis B, hepatitis C, or hepatic cirrhosis). All characteristics, except for BMI, were obtained from health interviews. BMI was calculated using height and weight measurements obtained during health examinations performed at mobile examination centers, using calibrated equipment operated by well-trained medical staff following standardized protocols (Korea Disease Control and Prevention Agency, 2012a; Korea Disease Control and Prevention Agency, 2015a; Korea Disease Control and Prevention Agency, 2018a; Korea Disease Control and Prevention Agency, 2019a).
2.4 Statistical analysis
The KNHANES data were collected using a two-stage stratified cluster sampling method rather than simple random sampling to ensure a representative sample of the nationwide target population. Consequently, the probability of being selected as a sample is not uniform across all population members. Sample weights were used for all statistical analyses to adjust for unequal selection probabilities and nonresponse errors. As data from the fifth to eighth wave of the KNHANES were combined and used in this study, weighted analyses were conducted using the sample weights modified according to the guidelines of the KNHANES.
To compare individual characteristics between HM users and non-users, chi-squared tests with Rao–Scott correction were applied because all individual characteristics were categorical variables. The results were presented as the frequency and weighted column percentage. Simple logistic regression analyses were used to assess the associations between HM use for weight loss and individual characteristics related to predisposing, enabling, and need factors. The results were summarized as crude odds ratios (cORs) with their corresponding 95% confidence intervals (95% CIs). Additionally, three models were constructed using multiple logistic regression analyses to examine the associations between HM use for weight loss and combined characteristics of predisposing, enabling, and need factors. Model one included the combined characteristics of predisposing factors, model two consisted of the combined characteristics of predisposing and enabling factors, and model three comprised the combined characteristics of predisposing, enabling, and need factors. The results were summarized as adjusted odds ratios (aORs) with their corresponding 95% CIs. To assess the fit of logistic regression, the pseudo R-square of Nagelkerke was determined (Nagelkerke, 1991). All statistical analyses were performed using R version 4.2.1 (R Foundation for Statistical Computing, Vienna, Austria) (Team RC. R, 2023) and IBM SPSS Statistics for Windows, version 29.0 (IBM Corp., Armonk, NY, United States) (Corp, 2022). A significant level of 0.05 and a two-tailed test were used for all statistical analyses.
3 RESULTS
3.1 Characteristics of herbal medicine user for weight loss in adults
Significant differences were observed between HM users and non-users in several demographic and health-related factors, including sex, age, region, education, household income, number of household members, health insurance type, private health insurance, perceived stress, perceived body image, weight changes, BMI, alcohol use, cigarette use, hypertension, dyslipidemia, and diabetes mellitus. The proportion of women among HM users (89.4%) was significantly higher compared to non-users (57.49%). Other characteristics that demonstrated higher proportions among the HM users compared to the non-users include younger age, higher education level, higher house income, subscription to private health insurance, higher level of perceived stress, the higher percentage reporting a perceived body image as “very fat,” greater weight loss in the past year, higher BMI, lower cigarette use, and absence of hypertension, dyslipidemia, or diabetes mellitus (Table 1).
TABLE 1 | General characteristics of participants between herbal medicine users and non-users.
[image: A data table comparing the use of herbal medicine among different demographics categorized by men and women. Columns include total participants, herbal medicine use, and non-use, with associated p-values. Rows list factors like age, region, income, health status, and lifestyle habits, detailing specific figures for each category. The table provides percentages and counts illustrating correlations between these factors and herbal medicine usage. Abbreviations like BMI are used, and chi-squared tests with Rao-Scott correction are mentioned for statistical validation.]3.2 Influencing factors of herbal medicine user for weight loss in adults
In the initial analyses, significant associations were observed between HM use for weight loss and individual characteristics, including sex, age, region, education, household income, number of house members, private health insurance, perceived stress, perceived body image, weight changes, BMI, alcohol use, cigarette use, hypertension, dyslipidemia, and diabetes mellitus. However, some of these associations lost significance after adjusting sequentially for predisposing, enabling, and need factors. In model 1, which considered predisposing factors, significant associations were found between HM use for weight loss and sex, age, and region. Model 2, incorporating both predisposing and enabling factors, revealed significant associations between HM use for weight loss and sex, age, region, and household income. Model 3, including predisposing, enabling, and need factors, showed significant associations between HM use for weight loss and the following characteristics: sex, age, region, household income, perceived stress, perceived body image, weight changes, BMI, and alcohol use. The pseudo R-square values of Nagelkerke were 0.089, 0.096, and 0.17 for model 1, model 2, and model 3, respectively.
In the fully adjusted model (model 3), women were significantly more prone to use HM for weight loss compared to men (aOR [95% CI]; 8.99 [6.18, 13.09]). Individuals aged 19 to 34 (3.35 [1.59, 7.07]) and 35 to 49 (2.57 [1.27, 5.19]) years demonstrated a higher tendency to use HM for weight loss than those aged 65 years or older. Residents of Gwangju, Jeolla or Jeju were less prone to use HM for weight loss compared to those of Seoul, Gyeonggi or Incheon (0.54 [0.38, 0.77]). Furthermore, individuals in the fourth (1.96 [1.15, 3.34]) or fifth (highest) (2.05 [1.2, 3.49]) quintile of household income were more prone to use HM for weight loss compared to individuals in the first (lowest) quintile. Individuals who experienced a very high level of stress were more prone to use HM for weight loss compared to those who barely experienced stress (1.86 [1.09, 3.18]). Individuals who observed their body image as fat (2.81 [2.06, 3.84]) or very fat (3.77 [2.45, 5.81]) were more prone to use HM for weight loss compared to those who observed their body image as very thin, thin, or moderate. Furthermore, individuals who experienced weight loss of 3–6 kg (1.88 [1.42, 2.5]), 6–10 kg (4.61 [3.19, 6.65]), or 10 kg or more (2.84 [1.61, 4.98]) in the past year demonstrated a higher tendency to use HM for weight loss compared to those with weight gain, no weight changes, or a loss of 0–3 kg during the same period. Individuals with a BMI ≥30 were more prone to use HM for weight loss compared to those with a BMI <23 (2.65 [1.63, 4.32]). Furthermore, individuals who consumed alcohol monthly or less (1.35 [1.02, 1.78]), two to three times a week (1.64 [1.14, 2.34]), or four or more times a week (2.32 [1.33, 4.04]) in the past year tends to use HM for weight loss compared to those who did not consume alcohol during the same period (Figure 2; Table 2).
[image: Forest plot showing odds ratios for various factors affecting a model combining predisposing, enabling, and need factors. Factors such as gender, age, region, marital status, and health behaviors are plotted with confidence intervals. Red dots indicate significant positive associations, and a blue dot shows a negative association. Labels on the left specify factors with reference categories. The x-axis represents the adjusted odds ratio, ranging from 0 to over 12.5.]FIGURE 2 | Influencing factors of herbal medicine user for weight loss in adults based on model 3.
TABLE 2 | Factors of herbal medicine users for weight loss with predisposing, enabling, and need factors.
[image: A comprehensive table presents the association of various factors with adjusted odds ratios (aOR) and p-values across four models, focusing on predisposing, enabling, and need factors. Categories include sex, age, region, and more, with specific values for each model. Additional variables cover education, marital status, income, employment, health status, stress, body image, and health behaviors. The table provides a detailed statistical analysis with confidence intervals, highlighting significant and non-significant associations among these variables.]To assess the robustness of our findings, sensitivity analysis on the number of chronic diseases was performed by combining hypertension, dyslipidemia, diabetes mellitus, and other chronic diseases among the need factors in model 3. There was no difference in the significance of characteristics associated with HM use for weight loss compared to the results of model 3 (Supplementary Material).
4 DISCUSSION
This study was the first to analyze the characteristics and influencing factors of adult HM users for weight loss regardless of BMI, using extensive RWD sources. It addresses the rising interest in obesity treatment and prevention for both health management and beauty purposes. For weight-loss purposes, HM users were predominantly women, younger, highly educated, with a higher income, and non-smokers. Additionally, HM users demonstrated a higher rate of severe obesity and more significant weight loss over the past year. They reported higher levels of stress and a perception of their body image as very fat. These characteristics of HM users for weight loss mirrored those found among children and adolescents, where parents had higher education levels, identified household economic status and stress levels were elevated. The prevalence of obesity among female students, based on BMI, was higher in HM users (Yim and Lee, 2023). However, particularly among female students, no significant difference was observed in identified body image between HM users and non-users (Yim and Lee, 2023). This characteristic was unique to adult HM users for weight loss. A study examining the characteristics of US adults attempting weight loss revealed that women, younger individuals, those from higher-income families, and the obese were more prone to make weight loss attempts (Martin et al., 2018). Our study suggests that the characteristics observed among US adults attempting weight loss were more pronounced among the HM users than among the non-users. In addition, HM users demonstrated a significantly higher proportion of individuals holding private health insurance, a finding consistent with the characteristics of Korean medicine healthcare users, including HM, for patients with functional dyspepsia (Lee et al., 2022b).
After adjusting for predisposing, enabling, and need factors based on Andersen’s behavior model, our findings indicate that women, younger individuals, those with higher household incomes, and adults reporting higher experienced stress were more prone to use HM for weight loss. In addition, adults perceiving themselves as having a fat/very fat body image and those categorized as severely obese by BMI were more prone to use HM for weight loss. Furthermore, compared to non-drinkers, alcohol drinkers, especially those consuming alcohol more than twice a week, showed a tendency to use HM for weight loss. Given that alcohol consumption is a known risk factor for obesity (Traversy and Chaput, 2015), it is plausible that severely obese individuals, who were more prone to use HM, also had significantly higher alcohol consumption. Significantly, HM users demonstrated a higher rate and amount of weight loss compared to the non-users. These findings can be interpreted in various ways from different perspectives. Given that the rate of severe obesity was higher among the HM users, it is plausible that the amount of weight loss following its attempts may have been greater, potentially resulting in more substantial weight loss compared to the non-users. In addition, previous ineffective ways of losing weight might also be a factor in choosing to use HM for weight loss. However, this was a cross-sectional survey of the frequency of alcohol consumption, weight loss methods, and weight change over the past year. The rate of alcohol consumption and weight loss in the HM users was higher than that in the non-users; however, a causal relationship cannot be confirmed owing to the nature of the cross-sectional study.
Similar to adults, overweight and obese children and adolescents were more prone to use HM for weight loss if they identified higher household economic status and stress levels (Yim and Lee, 2023). Additionally, students whose fathers had a high education level, and those who experienced depressed moods, or had two or more chronic allergic diseases showed a tendency to use HM (Yim and Lee, 2023). However, in adults, no significant difference was observed between the HM users and non-users. In addition, stress was one of the primary predictors of Korean medicine healthcare use for functional dyspepsia (Lee et al., 2022b), which aligns with our study findings. Given the association between stress and severe obesity (Koski and Naukkarinen, 2017) and considering the high rate of severe obesity among the HM users in our study, it is plausible that stress levels were also elevated among this group. In addition, since HM is recognized as a safe, effective, and easy-to-use method for stress management (Burns, 2023), adults experiencing high-stress levels may have used HM in anticipation of its additional benefits. Furthermore, users of HM for weight loss tend to be fewer in Gwangju/Jeolla/Jeju compared to Seoul/Gyeonggi/Incheon. As of 2021, statistical data on the number of Korean medicine clinics/hospitals by city and province indicate that over 50% of the total Korean medicine clinics/hospitals were located in Seoul/Gyeonggi/Incheon (Yearbook of Traditional Korean Medicine Publication Committee, 2021), suggesting a relatively higher accessibility to HM in these areas. The greater use of HM for weight loss in women is a similar result to previous studies, and this gender difference might be due to women being better at monitoring their health status and managing their awareness of their health (Liang et al., 1999; Stjernberg et al., 2006). In addition, increasing interest in appearance among younger adults, whose main motivation for losing weight is appearance and social factors (LaRose et al., 2013), might have resulted in the increased use of HM for weight loss.
Currently, obesity is considered a pandemic owing to its high prevalence and enormous socioeconomic burden (Tremmel et al., 2017; World Health Organization, 2021; Malkin et al., 2022). The risk associated with side effects and the high cost of pharmacotherapy, coupled with low adherence to lifestyle modifications, is driving the demand for effective and safe alternative treatment strategies, such as HM (Eldalo et al., 2017; Lewis, 2019; Cheon and Jang, 2021; Tak and Lee, 2021). Consequently, obesity poses a significant health burden. However, the findings of this study revealed significant differences in socioeconomic characteristics between the group using HM for weight loss in Korea and the group that did not. These differences were primarily associated with education level, income level, and possession of private health insurance. This suggests that individuals facing challenges with medical expenses, labor, and socioeconomic losses owing to obesity may not be opting for safe and effective HM treatment. Given the recent increase in policy and decision-making using RWD (Cave et al., 2019; Kc et al., 2023), examining the characteristics and influencing factors of HM users for weight loss based on large-scale RWD can help make policy decisions for effective resource allocation to address unmet needs for conventional treatment of obesity. In addition, healthcare providers can treat patients by considering these characteristics and needs, while researchers can use this information as a reference for designing future studies. For example, while the effectiveness and safety of HM for weight loss could not be directly compared with other treatment methods through KNHANES analysis, numerous studies have reported the effectiveness and safety of HM in this regard (Maunder et al., 2020; Park et al., 2022). However, owing to low methodological quality and poor reporting of HM in previous studies (Maunder et al., 2020; Park et al., 2022), further rigorously designed high-quality clinical trials are needed to evaluate its effectiveness and long-term safety. Furthermore, ongoing research on the HM registry for weight loss (Ko et al., 2022) holds promise for confirming not only the long-term safety and effectiveness of HM but also elucidating the characteristics of HM users and factors influencing clinical outcomes through prospective longitudinal studies. Consequently, the results of this large-scale retrospective study based on RWD may serve as a valuable reference for establishing meaningful variables and subgroups when analyzing the outcomes of prospective studies.
This study had some limitations. First, while there is generally a lower proportion of men attempting to lose weight compared to women (Martin et al., 2018), the analysis included only 50 men who used HM for weight loss. Consequently, caution is warranted when interpreting the overall results pertaining to men, due to the small sample size. Second, among the KNHANES items, health behaviors such as weight control methods, smoking, drinking, and physical activity are surveyed through self-administered questionnaires. While KNHANES data collection follows guidelines that include specific explanations for each item to ensure clarity and minimize recall bias, some level of bias may still be present. In addition, it is important to note that when participants indicated the use of HM for weight control, this may have encompassed not only HM prescribed by Korean medical institutions but also healthy functional foods containing herbs or over-the-counter herbal products. Unfortunately, owing to the lack of specific survey items addressing these distinctions, the study could not analyze the differences between them. In South Korea, HM refers to an herb or combination of two or more herbs used to prevent and treat diseases based on Korean medicine theory, using natural products such as plants, animals, and minerals. Therefore, the various types of HMs, methods of use, and accompanying treatments that respondents individually used, may have affected the user’s experience and contaminated the results. However, since these were not collected in the survey, detailed analysis was not possible. Finally, the KNHANES is a cross-sectional survey encompassing health behavior, chronic disease prevalence, health examination, and food and nutritional intake. Consequently, it is impossible to establish a causal relationship regarding HM use based solely on the results of this study. Currently, a core outcome set for behavioral weight management interventions in overweight and obese adults has been developed (Mackenzie et al., 2020), and a core outcome set for traditional Chinese medicine for the treatment of obesity is also being developed (COMET Initiative, 2024). Therefore, a longitudinal analysis should also be performed to identify the causal relationship and evaluate the effects based on the core outcome set.
This study adds valuable insights for the first time into the characteristics and influencing factors of adult users of HM for weight loss, utilizing extensive real-world data sources. By identifying demographic and health-related factors associated with HM use, the study contributes to evidence-based decision-making in healthcare policy and resource allocation for addressing obesity treatment and prevention. Understanding the characteristics of individuals who utilize HM for weight loss, such as higher stress levels, perceived body image concerns, and socioeconomic factors, can inform the development of personalized treatment strategies. Healthcare providers can use this information to tailor interventions and support programs to better meet the needs of patients seeking alternative weight loss therapies. The study’s findings shed light on socioeconomic disparities in HM use for weight loss, particularly regarding education level, income, and possession of private health insurance. This underscores the importance of addressing access barriers to conventional obesity treatment methods and ensuring equitable access to safe and effective alternative therapies like HM. Addressing these disparities can help mitigate the socioeconomic burden of obesity and improve overall public health outcomes.
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Background: Within-day glycemic variability (GV), characterized by frequent and significant fluctuations in blood glucose levels, is a growing concern in hospitalized patients with type 2 diabetes mellitus (T2DM). It is associated with an increased risk of hypoglycemia and potentially higher long-term mortality rates. Robust clinical evidence is needed to determine whether traditional Chinese medicine (TCM) decoctions can be a beneficial addition to the management of within-day GV in this patient population.Methods: This retrospective cohort study utilized data from adult inpatients diagnosed with T2DM admitted to the Traditional Chinese Medicine Hospital of Kaifeng. The primary outcome investigated was the association between the use of TCM decoctions and improved stability of within-day GV. Blood glucose variability was assessed using the standard deviation of blood glucose values (SDBG). For each patient, the total number of hospitalization days with SDBG below 2 mmol/L was calculated to represent within-day GV stability. Hospitalization duration served as the secondary outcome, compared between patients receiving TCM decoctions and those who did not. The primary analysis employed a multivariable logistic regression model, with propensity score matching to account for potential confounding variables.Results: A total of 1,360 patients were included in the final analysis. The use of TCM decoctions was significantly associated with enhanced stability of within-day GV (OR = 1.77, 95% CI: 1.34–2.33, P < 0.01). This association was most prominent in patients with a diagnosis of deficiency syndrome (predominantly qi-yin deficiency, accounting for 74.8% of cases) and a disease duration of less than 5 years (OR = 2.28, 95% CI: 1.21–4.29, P = 0.03). However, TCM decoctions did not exert a statistically significant effect on hospitalization duration among patients with T2DM (OR = 0.96, 95% CI: 0.91–1.01, P = 0.22).Conclusion: This study suggests that TCM decoctions may be effective in improving within-day GV stability in hospitalized patients with T2DM. This effect appears to be most pronounced in patients diagnosed with deficiency syndrome, particularly those with qi-yin deficiency and a shorter disease course. Further investigation is warranted to confirm these findings and elucidate the underlying mechanisms.Keywords: within-day glycemic variability, glycemic fluctuations, glycemic stability, type 2 diabetes, traditional Chinese medicine decoction therapy
INTRODUCTION
While glycated hemoglobin (HbA1c) has served as the gold standard for assessing glycemic control in patients with type 2 diabetes, its sole reliance for this purpose may be inadequate (Hirsch, 2015). This limitation stems from the inherent nature of HbA1c, which reflects average blood glucose levels over the preceding 2–3 months, failing to capture daily acute fluctuations or hypoglycemic episodes. Consequently, patients with T2D can exhibit significant glycemic variability (GV) even when achieving target HbA1c levels (Kovatchev and Cobelli, 2016; Dandona, 2017). GV, characterized by short-term oscillations in plasma glucose, typically refers to fluctuations within a 24-h window, known as within-day GV (Julla et al., 2021). Frequent and extensive within-day GV independently increases the risk of T2D inpatients experiencing hypoglycemia (Kauffmann et al., 2011; Monnier et al., 2011; Bajaj et al., 2017) and cardiovascular complications (Monnier et al., 2006; Saisho, 2014; Nusca et al., 2018; Scott et al., 2020). This association has further been linked to prolonged hospital stays and increased long-term mortality rates (Mendez et al., 2013; Akirov et al., 2017; Timmons et al., 2017; Akirov et al., 2019; Jordán-Domingo et al., 2021). The growing recognition of stable within-day GV’s importance in T2D management highlights its potential as a novel target for glycemic control therapy.
Traditional Chinese medicinal (TCM) decoction therapy is widely used in diabetes management due to its perceived gentle effects and reported glucose-lowering efficacy (Hu and Jia, 2019). However, robust clinical evidence regarding the effectiveness of TCM decoctions in specifically reducing within-day glycemic variability (GV) and promoting glycemic stability remains limited. This study aimed to investigate the association between the administration of oral TCM decoctions and the maintenance of stable within-day GV in hospitalized patients diagnosed with type 2 diabetes mellitus (T2DM). The primary objective was to compare the impact of TCM decoctions on within-day GV stability with that of conventional antidiabetic Western medications in this patient population. Besides, we sought to evaluate the potential benefits of TCM decoctions in reducing the duration of hospitalization.
METHODS
Data sources and participants
This retrospective cohort study utilized the electronic medical record (EMR) database of the Department of Endocrinology at Kaifeng Traditional Chinese Medicine Hospital in Henan Province, China. The database encompassed demographic information, vital signs, past and current diagnoses, clinical symptoms, laboratory results, medication administration details (including both traditional Chinese medicine and Western medications), and self-monitoring of blood glucose (SMBG) data for 12,664 patients admitted between 1 January, 2017, and 16 June 2021. The datasets were linked using unique patient identifiers.
The study cohort comprised hospitalized adult patients (aged ≥ 18 years) diagnosed with type 2 diabetes mellitus. Patients were categorized into two groups: those receiving TCM decoctions (TCM treatment group) and those receiving antidiabetic Western medications (non-TCM treatment group). Medical records with admission diagnoses other than T2DM or its complications were excluded. Additionally, patients whose TCM diagnosis did not correspond to the term “XiaoKe” (representing T2DM in TCM theory) were excluded. To minimize the influence of repeated hospitalizations, patients with multiple admissions within the study timeframe were excluded if the interval between admissions was less than 1 year. Admissions exceeding 1 year from the previous admission were considered new admissions. Patients receiving both TCM decoctions and antidiabetic Western medications concurrently were also excluded. To ensure adequate exposure to TCM decoction treatment, patients with a hospitalization duration of less than 7 days and receiving TCM decoctions fewer than seven times were excluded. The study baseline was defined as 24 h after patient admission. All laboratory tests were performed on fasting blood samples collected within 24 h of admission. The second-day SMBG data served as the entry point for patients into the cohort. The final analysis included 1,361 patients (Figure 1).
[image: Flowchart detailing patient selection for a study. Initially, 12,664 patients were admitted. Exclusions were made: 3,960 for non-type 2 diabetes, 3,348 for non-TCM "XiaoKe". 5,356 patients had essential characteristics. Further exclusions: 3,706 for TCM and western medicine use, 225 for staying less than 7 days, 65 for TCM less than 7 days. Finally, 1,360 patients with essential characteristics divided into two groups: 388 receiving TCM decoctions and 972 receiving antidiabetic western medicine.]FIGURE 1 | Flowchart of study population selection.
This study was conducted in accordance with ethical principles governing real-world research and non-interventional studies. All data pertaining to research participants received approval from the Ethics Committee of Kaifeng Traditional Chinese Medicine Hospital approval number: 2022-ky-006.
Covariates
In our analysis, we adjusted for potential confounding variables including age, gender, duration of diabetes, body mass index (BMI), baseline HbA1c, hypertension, LDL cholesterol, fasting insulin levels, C-peptide, average fasting plasma glucose (FPG) during hospitalization, comorbidities, and TCM syndrome. Diabetes duration was categorized into four groups: 0 to less than 3 years, 3 to less than 5 years, 5 to less than 10 years, and 10 or more years. Following the consensus of Chinese experts in medical nutrition therapy for overweight/obesity (CecCooOMN, 2016), BMI was divided into four categories: less than or equal to 18 kg/m2, 18–23.9 kg/m2, 24–27.9 kg/m2, and greater than or equal to 28 kg/m2. LDL cholesterol, fasting insulin level, and C-peptide were also categorized. LDL was classified as either less than 2.6 mmol/L or greater than or equal to 2.6 mmol/L. Fasting insulin levels were grouped as less than 10 μU/mL, 10–15 μU/mL, and greater than 15 μU/mL. C-peptide levels were categorized as less than 1.71 ng/mL, 1.71–2.51 ng/mL, and greater than or equal to 2.51 ng/mL. We considered 13 common comorbidities associated with diabetes, including liver diseases, hypertension, hyperlipidemia, osteoarthropathy, coronary atherosclerosis, chronic kidney disease, cerebral infarction, ischemic cerebrovascular disease, ischemic heart disease, diabetic retinopathy, diabetic macrovascular disease, diabetic polyneuropathy, and diabetic peripheral vascular disease. Finally, TCM syndromes were categorized into four groups: deficiency syndromes, phlegm syndromes, liver stagnation and spleen deficiency syndrome, and dampness-heat syndrome.
Exposures
All patients in the TCM treatment group received decoctions according to the TCM treatment modalities for Type 2 diabetes as practiced at Kaifeng Traditional Chinese Medicine Hospital (Pang et al., 2019). The primary decoctions administered included: 1) Qingre Yangyin Tiaotang decoction; 2) Yiqi Yangyin Tiaotang Decoction; 3) Shugan Jianpi Tiaotang decoction; 4) Hezhong Jiangzhuo tiaotang decoction; 5) Qingre Huashi Tiaotang decoction; and 6) Jianpi Yishen Tiaotang decoction (details of the composition of each decoction are provided in Supplementary Table S1). Additional classical TCM decoctions, such as Shenqi Dihuang Tang, were also considered (complete description of classical TCM decoctions summarized in Supplementary Table S1).
The selection and adjustment of these decoctions were carried out by experienced TCM practitioners, adhering to the principles of TCM syndrome differentiation, tailored to the individual symptoms of each patient. Each participant received 400 mL of the decoction daily, divided into two doses of 200 mL each, taken in the morning and evening. The duration of treatment was no less than seven consecutive days. Patients assigned to the TCM group were permitted to receive usual care medications; however, the concurrent use of any Western medications or Commercial Chinese Polyherbal Preparation with known glucose-lowering effects was strictly prohibited.
The non-TCM treatment group received standard Western medical treatment for hyperglycemia, as outlined in the Chinese guidelines for the prevention and treatment of type 2 diabetes (Jia et al., 2019). These therapies included oral anti-hyperglycemic agents (Thiazolidinediones, Glucagon-like peptide1 agonist, Dipeptidyl peptidase-4 inhibitors, Glinide, SGLT2 inhibitors, Sulfonylurea, α-glucosidase inhibitors, and Metformin) and insulin, with the specific medication regimen selected by attending physicians based on each patient’s individual clinical presentation and adherence to the routine diabetes management protocol for inpatients at Kaifeng Traditional Chinese Medicine Hospital. Treatment selection for the control group was not prescriptive, allowing for flexibility based on individual needs.
Outcomes
The primary outcome of interest was the stability of within-day GV. This was assessed through the standard deviation of blood glucose values (SDBG) measured by SMBG seven times a day (fasting, pre-breakfast, pre-lunch, post-lunch, pre-dinner, post-dinner, and bedtime). Following the expert consensus on diabetes mellitus glycemic variability management (CSo, 2017), a threshold of SDBG measured by SMBG less than 2 mmol/L was considered indicative of normal within-day GV for Chinese patients with diabetes. To quantify the stability of within-day GV, we calculated a score for each patient. This score reflected the proportion of hospitalization days with SDBG below 2 mmol/L. We achieved this by dividing the total number of days with SDBG below 2 mmol/L by the total number of hospitalization days and multiplying by 100. For example, consider a patient with a sequence of SDBG values: 6, 5, 0.8, 2.3, 2.6, 1.5, 1.6, 0.9, 3.6, 2.3, 2.2, and 2.7 mmol/L. If the total length of stay was 12 days and the number of days with SDBG below 2 mmol/L was four, the score would be 33 [i.e., (100 × 4)/12]. For analysis, scores were categorized into four groups: 0–20, 21–40, 41–60, and ≥ 61. For sensitivity analyses, we considered the postprandial glucose excursion (PPGE) and largest amplitude of glycemic excursions (LAGE) as additional assessment indicators for within-day GV stability (CSo, 2017). Similarly, we calculated the total number of days within the expected range for PPGE and LAGE as a measure of within-day GV stability. The secondary outcome was length of hospital stay.
Statistical analysis
Associations between treatment modality and patient demographic, clinical, and other baseline characteristics were assessed using a t-test for continuous variables and chi-square tests for categorical variables.
To investigate the association between the use of TCM decoctions and the stability of within-day GV, we employed a multivariable logistic regression model. Similarly, a Poisson regression model was used to assess the relationship between hospital stay duration and TCM decoction use. Our initial multivariable logistic regression and Poisson regression models included all potential covariates identified for the study. However, to account for potential confounding variables due to the non-randomized nature of TCM decoction administration, we implemented propensity score matching techniques. Prior to propensity score matching, we conducted a univariate analysis of all potentially explanatory factors for both the primary (within-day GV stability) and secondary (hospital stay duration) outcomes. This analysis identified 15 factors significantly associated with the primary outcome and 7 factors associated with the secondary outcome (all p-values < 0.05, detailed in Supplementary Table S2). We then utilized a logistic regression model to estimate a propensity score for each patient. This score represented the predicted probability of receiving TCM decoctions, and it was based on the 15 significant factors identified for the primary outcome (7 factors for the secondary outcome). Finally, we employed three propensity score matching methods within separate multivariable logistic regression and Poisson regression models to estimate the association between TCM decoction use and within-day GV stability and hospital stay duration, respectively.
The primary analysis employed propensity score matching to address potential confounding due to the non-randomized treatment assignment. Patients receiving TCM decoctions were matched in a 1:1 ratio to those receiving antidiabetic drugs based on their predicted probabilities of receiving TCM decoctions derived from the propensity score model. A greedy nearest neighbor matching algorithm was used with a maximum caliper width of ±1%, ensuring a close match between patients in the TCM and non-TCM groups on all measured covariates. Logistic regression and Poisson regression models were then performed using the propensity score-matched cohort data to estimate the association between TCM decoction use and the primary and secondary outcomes, respectively.
To further explore the robustness of our findings, we performed two additional prespecified sensitivity analyses for the primary outcome, investigating within-day glycemic variability stability. The first analysis employed inverse probability of treatment weighting (IPTW) on the propensity score. The second analysis incorporated the propensity score itself as an additional covariate in the regression model. Furthermore, we conducted sensitivity analyses to assess the potential influence of missing data. Here, we defined within-day GV stability using the standard deviation of %CVw values during hospitalization and utilized a complete data set for analysis.
We conducted prespecified subgroup analyses to explore the impact of TCM decoctions on within-day glycemic variability stability within specific patient populations. Patients in the TCM and non-TCM treatment groups were matched based on three criteria: TCM syndrome (deficiency syndrome vs. phlegm syndromes/liver stagnation and spleen deficiency syndrome), diabetes duration (≤5 years vs. >5 years), and the logit of the propensity score. Within each of the four resulting subgroups, a multivariable logistic regression model was used to compare the risk reduction for the primary outcome (reduced within-day GV instability) between the TCM and non-TCM treatment groups.
To address missing covariate data and minimize selection bias, we employed multivariate imputation by chained equations. This approach estimates missing values under the assumption that data are missing at random. Prior to imputation, a missing pattern analysis confirmed the presence of only monotonic missing patterns (i.e., missing data only occurred for subsequent variables in a sequence). Five covariates (BMI, LDL cholesterol, fasting insulin, C-peptide, and duration of diabetes) contained missing data, ranging from 0% to 14% across variables. Notably, 65% of patients had complete data for all covariates. To account for imputation uncertainty, five separate imputed datasets were generated for analysis. The results from each imputed dataset were subsequently pooled to estimate regression parameters.
Statistical analyses were performed using R software version 4.3.1. A two-sided p-value less than 0.05 was considered statistically significant. For the propensity score matched cohort, a standardized difference of less than 0.1 between the TCM decoction and control groups indicated a good balance on all types of distributional characteristics between the two groups.
RESULTS
Characteristics of the cohort
A total of 1,360 patients were included in the final analysis (Figure 1). The distribution of patients across the within-day glycemic variability (GV) stability score categories was as follows: 0–20 (n = 474), 21–40 (n = 398), 41–60 (n = 267), and ≥ 61 (n = 221).
Table 1 summarizes the baseline characteristics of the study participants before propensity score matching, categorized by exposure to TCM decoctions. Among the 1,360 patients, 388 (28.5%) received TCM decoctions, while the remaining 972 (71.5%) did not. In the unmatched sample, statistically significant differences in exposure to TCM decoctions were observed based on age, sex, BMI, duration of diabetes, HbA1c, FPG, fasting insulin levels, C-peptide levels, TCM syndrome diagnosis, and the presence of several comorbidities. Notably, 53.1% of patients treated with TCM decoctions had a diabetes duration of less than 3 years, while over 60% of patients who did not receive TCM decoctions had a duration of 5–10 years or longer. Additionally, patients receiving TCM decoctions exhibited lower baseline HbA1c levels compared to those who did not [median: 7.5% (9.4 mmol/L) vs. 9.5% (12.6 mmol/L)].
TABLE 1 | Participant characteristics before propensity-score matchinga.
[image: Table comparing characteristics between non-TCM decoction (972 participants) and TCM decoction (388 participants) groups for various measures like age, sex, BMI, diabetes duration, and more. Significant differences (p<0.01) are noted in most categories except systolic blood pressure, LDL levels, and some comorbidities.]Following propensity score matching, a total of 282 matched patient pairs were obtained (Table 2). Importantly, there were no significant differences (p > 0.30 for all comparisons) between the TCM decoction and non-TCM decoction groups across any of the 17 baseline characteristics. Additionally, the standardized mean differences between the two groups were all less than 0.1, indicating successful covariate balancing through propensity score matching.
TABLE 2 | Participant characteristics after propensity-score matching.a
[image: Table comparing characteristics of TCM and Non-TCM decoction groups, each with 278 participants. Includes data on age, BMI, duration of diabetes, systolic blood pressure, HbA1c levels, fasting insulin, C-peptide levels, TCM syndromes, and comorbidities. Key findings: similar age and BMI distributions, slightly lower HbA1c in Non-TCM group, and higher prevalence of deficiency syndromes in TCM group. Multiple imputation applied for missing data.]Primary endpoint
Overall, patients who received TCM decoctions exhibited greater stability of within-day glycemic variability compared to those who did not. This association was statistically significant in both unadjusted and adjusted analyses. In the unadjusted analysis, the odds ratio (OR) for improved within-day GV stability with TCM decoction use was 3.15 [95% confidence interval (CI): 2.62 to 3.78; p < 0.01; Table 3]. This finding remained significant after adjusting for potential confounding variables using propensity score matching (OR: 1.77; 95% CI: 1.34 to 2.33; p < 0.01; Table 3). Similar statistically significant results were obtained in both the adjusted analysis (OR: 1.77; 95% CI: 1.58 to 1.98; p < 0.001; Table 3) and the inverse probability weighted analysis (OR: 1.63; 95% CI: 1.32 to 2.04; p < 0.001; Table 3) based on propensity score. The observed association between TCM decoctions and improved within-day GV stability remained consistent when using postprandial glucose excursion (PPGE) and largest amplitude of glycemic excursions (LAGE) as alternative assessment indicators. The results of the sensitivity analysis are in Supplementary Table S3. Additionally, the analysis of complete cases excluding missing data yielded comparable results (Supplementary Table S3). Subgroup analyses by TCM syndrome and diabetes duration categories revealed a significant benefit for patients diagnosed with deficiency syndromes (predominantly deficiency of qi-yin, accounting for 74.8%) and a diabetes duration of less than 5 years (OR: 2.28; 95% CI: 1.21 to 4.29; p = 0.03; Table 4). However, no statistically significant benefits were observed in the other three subgroups (Table 4).
TABLE 3 | Associations between TCM decoction use and the stability of within-day GV in the crude analysis, multivariable analysis, and propensity-score analyses.
[image: Table showing analyses of Traditional Chinese Medicine (TCM) decoctions versus non-TCM decoctions. It includes full cohort analysis and propensity-score analyses. Unadjusted and multivariable analyses show odds ratios (OR) and confidence intervals (CI) with p-values less than 0.01. 'With matching,' 'With inverse probability weighting,' and 'Adjusted for propensity score' show different TCM and non-TCM sample sizes, OR, CI, and p-values. Annotations explain statistical methods used.]TABLE 4 | Stability of within-day GV in the propensity-score-matched cohort, according to subgroup.
[image: Table comparing TCM syndromes and non-TCM decoctions over different durations. It includes columns for duration (less than five years and greater than or equal to five years), number of matched pairs, number of patients for TCM and non-TCM decoctions, odds ratio (OR) with confidence intervals, and P value. Specific syndromes, matched pair counts, patient numbers, OR values, and P values are provided for each category.]Secondary endpoints
In the unadjusted analysis, use of TCM decoctions was associated with a statistically significant reduction in hospital length of stay [odds ratio (OR), 0.93; 95% confidence interval (CI), 0.90 to 0.96; p < 0.001; Table 5]. However, this association was not robust, as it was no longer statistically significant after adjusting for confounding variables using propensity score matching (OR, 0.96; 95% CI, 0.91 to 1.01; p = 0.22; Table 5) or other methods.
TABLE 5 | Associations between TCM decoctions use and the length of stay in hospital in the crude analysis, multivariable analysis, and propensity-score analyses.
[image: Table comparing the impact of TCM and non-TCM decoctions with various analyses. Full cohort shows 388 TCM and 972 non-TCM decoctions with IRR of 0.93 and 0.95 and P values less than 0.01 and 0.01. Propensity-score analyses include matching, inverse probability weighting, and propensity score adjustment, with corresponding IRRs of 0.96 and varying P values.]DISCUSSION
This propensity score-matched cohort study provides valuable insights for clinicians in considering the potential effectiveness of TCM decoctions for maintaining within-day glycemic variability (GV) stability. Our findings suggest an association between TCM decoction use and improved within-day GV stability in hospitalized patients, which persisted after adjusting for potential confounding variables. This association was further corroborated through comprehensive sensitivity analyses. Furthermore, the study revealed that TCM decoction treatment may be most beneficial for patients diagnosed with deficiency syndromes, particularly those with a predominant deficiency of Qi-yin (comprising 74.8% of this subgroup) and a diabetes duration of less than 5 years. Notably, while a small reduction in hospital length of stay was observed among patients receiving TCM decoctions, this effect became statistically non-significant after propensity score matching.
Our study facilitated a more robust investigation into the potential association between TCM decoctions and the stability of within-day GV. The findings hold promise for future clinical practice considerations in T2D management. Strict glycemic control in hospitalized settings, while necessary to minimize hyperglycemia’s detrimental effects in uncontrolled T2D patients (Nusca et al., 2018), can lead to rapid reductions in overall blood glucose levels, potentially increasing within-day GV (Braithwaite, 2013; Akirov et al., 2018). Frequent short-term fluctuations in blood glucose can have a significant impact on various physiological functions. Short-term glucose fluctuations, through the excessive production of reactive oxygen species (ROS), reactive nitrogen species (RNS), inflammatory cytokines, and oxidative stress, can ultimately lead to β-cell apoptosis and a decline in β-cell function (Kohnert et al., 2012), accelerating the deterioration of glycemic control. Additionally, evidence suggests that short-term acute blood glucose fluctuations may induce a greater degree of oxidative stress compared to chronic sustained hyperglycemia, potentially contributing to the development of diabetes complications (Monnier et al., 2006; Ceriello et al., 2008). Individuals with T2D experiencing excessive within-day GV are also at an increased risk of hypoglycemia (Murata et al., 2004; Monnier et al., 2011), lower quality of life and negative moods (Penckofer et al., 2012). Given the significant impact of these adverse effects on T2D management, GV emerges as a crucial target for glycemic control interventions. However, a growing body of research suggests that traditional antidiabetic pharmacotherapies, including basal insulin and intensive treatment strategies, may not necessarily improve GV stability despite achieving glycemic targets (Gerstein et al., 2008; Duckworth et al., 2009; Zenari and Marangoni, 2013). In contrast, our research findings suggest that TCM decoction treatment might offer a unique opportunity to maintain more stable GV, providing a potential approach for future clinical consideration.
The precise mechanisms by which TCM decoctions improve within-day GV stability remain largely unclear. Some studies suggest that TCM may exert regulatory effects that correct internal environment imbalances caused by various pathogenic factors, enabling the body to restore homeostasis more promptly and potentially contribute to reduced glycemic fluctuations (Liu et al., 2015). Our study observed that patients with a shorter disease duration (less than 5 years) and a diagnosis of deficiency syndrome, particularly Qi-Yin deficiency (comprising 74.8% of this subgroup), exhibited greater stability in within-day GV. From the perspective of traditional Chinese medicine (TCM), blood glucose is considered a nutritional substance produced by the transport and transformation function of spleen-stomach (Ke et al., 2022). Therefore, spleen and stomach Qi deficiency is seen as a basic TCM pathogenesis for GV in diabetic patients (Ke et al., 2022). Li, (2023) research on the correlation between symptom scores of Qi deficiency syndrome and blood glucose fluctuations in type 2 diabetes patients revealed a positive correlation between Qi deficiency and within-day GV. Similarly, Zhang et al. (2024) found that patients with severe Yin deficiency exhibited greater glycemic fluctuations. Zheng, (2023) study further corroborated these findings, showing that patients with deficiency syndromes, particularly those with both Qi and Yin deficiencies, experienced significant within-day GV. Additionally, a clinical study by Pang et al. indicated that patients with Qi and Yin deficiency who received TCM treatment aimed at replenishing Qi and nourishing Yin exhibited the least within-day GV (Pang and Sun, 2017). These findings collectively suggest a significant positive correlation between the severity of Qi and Yin deficiencies and the stability of glycemic levels. Correcting the states of Qi and Yin deficiencies through TCM treatment could therefore be effective in maintaining stable glycemic levels in type 2 diabetes patients. Furthermore, patients with a shorter disease duration, whose islet function is not yet severely compromised, tend to have relatively stable glycemic levels, and may experience more pronounced benefits from TCM treatments (Zhang et al., 2015). However, limited clinical research currently exists regarding the efficacy of TCM in specifically reducing glycemic fluctuations, and the underlying mechanisms are yet to be fully elucidated. Additionally, no prior studies have definitively identified superior glycemic stability with TCM interventions in specific patient populations.
Our analysis revealed a small reduction in the length of hospital stay for patients receiving TCM decoctions. However, this finding did not reach statistical significance. Furthermore, propensity score matching, which aimed to account for potential confounding variables, resulted in the loss of this observed association. Therefore, our results should be interpreted with caution and further research is warranted to validate this potential benefit of TCM decoctions on hospital stay duration.
This study possesses several key strengths. First, we leveraged a population-based cohort exclusively receiving TCM decoctions. This unique design allowed for a direct comparison of outcomes between patients receiving TCM decoctions and those receiving concurrent antidiabetic Western medications (controls) using a rigorous propensity score matching approach. Furthermore, we employed a series of analyses utilizing various propensity score methods to enhance the robustness and reliability of our findings. The consistency observed across these multiple sensitivity analyses strengthens our confidence in the results.
Our study has several limitations that should be acknowledged. First, the lack of access to a larger population dataset restricted our ability to subdivide the control group into categories based on specific Western medications. This limited our capacity to directly compare the outcomes of traditional Chinese medicine decoctions with a particular anti-diabetic medication. Second, the absence of continuous glucose monitoring (CGM) data is a noteworthy limitation. CGM data provides minute-by-minute glycemic fluctuations, offering a more precise metric for assessing glycemic variability compared to the SMBG employed in this study. Additionally, limitations include missing data for certain variables and the potential for inaccuracies in electronic health records. We have addressed missing data to minimize bias, but this remains a potential source of error. Finally, the single-center observational design may limit the generalizability of our results. Future studies with larger cohorts, extended follow-up periods, and the incorporation of CGM data are necessary to further elucidate the relationship between TCM decoction therapy and enhanced GV stability. These studies would strengthen the evidence for the potential of TCM interventions to achieve better glycemic maintenance and stability in hospitalized type 2 diabetes patients. Additionally, further research is needed to understand the mechanisms underlying these potential associations.
In conclusion, our study demonstrates that, among hospitalized patients diagnosed with type 2 diabetes, TCM decoctions are more efficacious in maintaining stable within-day GV compared to antidiabetic medications derived from Western medicine. This beneficial effect is particularly pronounced in patients presenting with deficiency syndrome and a disease course of less than 5 years. However, it is important to note that our findings do not support a reduction in hospitalization duration associated with TCM decoction therapy.
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Functional gastrointestinal disorders (FGIDs) and inflammatory bowel disease (IBD) are common clinical disorders characterized by recurrent diarrhea and abdominal pain. Although their pathogenesis has not been fully clarified, disruptions in intestinal motility and immune function are widely accepted as contributing factors to both conditions, and the brain–gut axis plays a key role in these processes. Traditional Chinese Medicine (TCM) employs a holistic approach to treatment, considers spleen and stomach impairments and liver abnormality the main pathogenesis of these two diseases, and offers a unique therapeutic strategy that targets these interconnected pathways. Clinical evidence shows the great potential of TCM in treating FGIDs and IBD. This study presents a systematic description of the pathological mechanisms of FGIDs and IBD in the context of the brain–gut axis, discusses clinical and preclinical studies on TCM and acupuncture for the treatment of these diseases, and summarizes TCM targets and pathways for the treatment of FGIDs and IBD, integrating ancient wisdom with contemporary biomedical insights. The alleviating effects of TCM on FGID and IBD symptoms are mainly mediated through the modulation of intestinal immunity and inflammation, sensory transmission, neuroendocrine–immune network, and microbiota and their metabolism through brain–gut axis mechanisms. TCM may be a promising treatment option in controlling FGIDs and IBD; however, further high-quality research is required. This review provides a reference for an in-depth exploration of the interventional effects and mechanisms of TCM in FGIDs and IBD, underscoring TCM’s potential to recalibrate the dysregulated brain–gut axis in FGIDs and IBD.
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1 INTRODUCTION
Functional gastrointestinal disorders (FGIDs) and inflammatory bowel disease (IBD) are characterized by recurrent abdominal discomfort, which can be accompanied by altered bowel regularity and stool properties (Black et al., 2020; Seyedian et al., 2019). In recent years, the increasing incidence of both diseases has garnered increasing attention from researchers. A recent study stated that in some countries in Latin America and Asia, such as Brazil, China, and India, IBD’s incidence will increase exponentially until reaching a stage of compounded prevalence in which morbidity exceeds mortality (Kaplan and Windsor, 2021). In addition, a cross-national prevalence study by the Rome Foundation revealed that >40% of the world’s population have FGIDs (Sperber et al., 2021). This places a heavy economic burden and a significant health risk on humanity. The Rome IV Criteria classify FGIDs into eight categories, and this paper focuses on the two most common FGIDs, namely, irritable bowel syndrome (IBS) and functional dyspepsia (FD) (Sperber et al., 2021), and IBDs, namely, ulcerative colitis (UC) and Crohn’s disease (CD). For FGIDs, existing treatments cannot identify and address disease pathogenesis but can only alleviate the patient’s gastrointestinal and psychological comorbidities (Black et al., 2020). In IBD research, routinely used therapeutic agents such as corticosteroids, aminosalicylates, and immunosuppressants (Hanauer and Baert, 1994) are still unable to cure IBD. In addition, individualized treatments with better efficacy and fewer side effects are still needed (Le Berre et al., 2023; Roda et al., 2020).
In as early as the 1840s, studies have found that emotions affect the digestion rate, confirming that a pathway exists between the gut and the nervous system (Margolis et al., 2021). Recent studies have shown a bidirectional interaction between the gut microbiota and the nervous system through direct and indirect mechanisms, which is known as the brain–gut axis. It encompasses the gut-associated immune system, enteric neuroendocrine system, enteric nervous system (ENS), central nervous system (CNS), etc. (Mayer et al., 2022). Patients with both FGIDs and IBD exhibited disruption of gut bacterial microbiota homeostasis (Bajaj et al., 2024; Ford et al., 2020a; Liu et al., 2017), resulting clinical symptoms. As regards mood states, two analyses have shown that >20% of patients with both disorders have concomitant symptoms of anxiety and depression and that more women than men are affected (Barberio et al., 2021; Jones et al., 2017). This proves that this link between the gut and the brain deserves more attention.
Traditional Chinese Medicine (TCM) has the potential to treat FGIDs and IBD. For example, studies have reported the effectiveness of acupuncture and moxibustion in treating IBS (Ma et al., 2024), and peppermint has been included in the 2021 clinical treatment guidelines for IBS by the American College of Gastroenterology (Lacy et al., 2021). Curcumin is also effective in improving gastrointestinal symptoms in IBS owing to its antioxidant and anti-inflammatory activities (Ng et al., 2018b). Herbal medicine is a safe and effective treatment of FD (Heiran et al., 2022), and sufficient evidence presents the utilization of modified Zhi Zhu decoction and Xiao Pi Kuan Wei decoction as viable alternatives for the treatment of individuals who do not respond to prokinetic agents (Ho et al., 2021). As an adjunctive treatment for UC, rhubarb combined with mesalazine or lorazepam is safer and more effective than when combined with Western medicine (Li Y. et al., 2022). Preclinical studies of UC have also shown sufficient evidence of the therapeutic effects of licorice extracts (Lu et al., 2022). The use of herbal medicines as complementary therapies in CD treatment has also been determined to be beneficial and may reduce the incidence of adverse events (Wang et al., 2019). These findings indicate the need to enhance TCM and its utilization as an alternative or complementary therapy for FGIDs and IBD. However, its mechanism of action has not yet been clarified, which limits its development and clinical promotion.
Herein, we outline the possible molecular mechanisms by which the brain–gut axis plays a role in FGIDs and IBD and integrate current evidence on the effects of TCM on these diseases in the context of the brain–gut axis. We also summarize the mechanism of action of TCM based on the brain–gut axis, laying the foundation for further in-depth exploration of the role and mechanism of TCM in FGIDs and IBD.
2 EXPLORING THE PATHOGENESIS OF FGIDS AND IBD IN THE CONTEXT OF THE BRAIN–GUT AXIS
Understanding the pathogenesis of FGIDs and the brain–gut axis in IBD can aid in the development of clinical interventions for these diseases. Herein, we summarize the pathogenesis of these diseases in terms of immunity, enterosensory transmission, neuroendocrine–immune network (NEI), and intestinal flora.
2.1 FGIDs
In clinical practice, FGIDs are prevalent, and patients typically report a single symptom or an arbitrary mix of symptoms. The clinical symptoms of IBS are mainly recurrent abdominal pain associated with abnormal fecal patterns or frequency, and the pathogenesis is mainly associated to genetics, stress, dysregulation of intestinal microbial homeostasis, visceral hypersensitivity, and intestinal motility disorders (Ford et al., 2020b). The main FD symptoms include epigastric pain or burning sensations, postprandial fullness or early satiety, intestinal motility and sensory disturbances, gut microenvironmental disturbances, and immune-related inflammation (Ford et al., 2020a). Despite variations in the etiology and clinical features of FGIDs, current literature presents that FGID symptoms primarily arise from disrupted intestinal motility. Therefore, the research direction of FGIDs has focused on intestinal sensory transduction. Furthermore, substantial convergence exists in the underlying mechanisms of different FGIDs.
Through the integration of previous studies on the brain–gut axis, we have compiled an overview of the potential pathogenesis of FGIDs (Figure 1).
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2.1.1 Intestinal mucosal immunity and inflammation
Researchers have proposed that low-grade inflammation, immune activation, and dysregulated gut flora homeostasis may contribute to IBS onset and exacerbation (Ng et al., 2018a; Rodríguez-Fandiño et al., 2010). In particular, gastrointestinal macrophages are actively involved in the intestinal immune response (Zhou S. Y. et al., 2023), are mainly responsible for phagocytosis and digestion, and promote tissue remodeling (Gentek et al., 2014).
T helper (Th) 1 cells activate macrophages to generate a cellular immune response, whereas Th2 cells inhibit this response (Butcher and Zhu, 2021). However, in FGIDs, a shift in immune cells to a Th2-type response may ensue to suppress low-grade inflammation (Du et al., 2019; Kindt et al., 2009). Furthermore, in the intestinal mucosa of patients with IBS, levels of Toll-like receptor (TLR) 4 and TLR5 expressed on eosinophils and mast cells are significantly higher than that in healthy individuals (Brint et al., 2011; Dlugosz et al., 2017), which exacerbates intestinal hypersensitivity and increases the release of mast cell degranulation (Mallaret et al., 2022; Yang et al., 2019). Overall, intestinal immune responses induced by abnormal macrophage activation, an imbalanced Th1 cell/Th2 cell ratio, and a high TLR expression, are closely associated with the pathogenesis of FGIDs.
2.1.2 Intestinal sensory transduction
The human ENS consists of neurons and enteric glial cells, which independently innervate gastrointestinal activity and are connected to the CNS through the vagus nerve (VN) and the sympathetic and pelvic nerves (Furness et al., 2014). A study presented that the pathogenesis of FGIDs was inherently linked to visceral hypersensitivity, which was first elucidated five decades ago (Mertz et al., 1995; Ritchie, 1973).
Regarding the gut sensory afferent pathway, transient receptor potential vanilloid (TRPV) specifically expressed in the dorsal root ganglion in central sensitization takes on a crucial role in the transmission of nociceptive signals from the gut to the CNS (Farmer and Aziz, 2009). This ion channel is activated by stimuli, such as heat, acidity, and mechanical pressure, and is responsible for the detection and transmission of pain signals from the gut to the brain, making them a potential treatment target in gut-related pain disorders. A functional magnetic resonance imaging study of the brains of patients with IBS revealed the activation of the thalamus, insula, and anterior cingulate cortex, which confirms the presence of central sensitization in these patients (Price et al., 2007). TRPV1 and TRPV4 are closely associated with hypersensitivity in mouse experiments (Ho et al., 2012; Xie et al., 2023), and TRPV4 activation inhibits intestinal peristalsis by reducing NO-dependent Ca2+ release from enteric neurons (Fichna et al., 2015). The selective ablation of the Piezo (piezo-type echanosensitive ion channel component) 2 protein expressed in TRPV1-spectrum neurons attenuates visceral hypersensitivity in IBS mice (Xie et al., 2023), which explains why abdominal pain is one of the main IBS symptoms.
As regards visceral hypersensitivity, the role of the sympathetic nerves and the VN is still unclear. However, the stimulation of the auricular VN may be effective in relieving constipation and abdominal pain symptoms in patients with IBS (Shi et al., 2021). Similar studies have reported comparable results in a rat model of FD (Guo and Gharibani, 2024; Hou et al., 2023).
2.1.3 NEI
The NEI theory emphasizes the coordinated interaction between the nervous, endocrine, and immune systems. It was first proposed in 1977. A study suggested that NEI dysregulation may be a significant contributing factor to the pathogenesis of IBS (Powell et al., 2017).
Reactivating neurons in the insular cortex of the brain restore their original inflammatory state (Koren et al., 2021), providing new ideas for suppressing peripheral inflammation. 5-hydroxytryptamine (5-HT), an important neurotransmitter in the CNS, is a potential research direction for IBS (Ford et al., 2024). Enterochromaffin cells (ECs) release 5-HT to activate the 5-HT3 receptor in intestinal submucosal neurons to transmit pain signals (Bellono et al., 2017; Diwakarla et al., 2017).
The VN is also a key link in the NEI of FGIDs, and the efferent fibers of the VN originated from the preganglionic neurons in the dorsal motor nucleus of the vagus and then descended to the postganglionic neurons in the ENS. The afferent fibers of the VN activate receptors on the nucleus of the solitary tract in the medulla oblongata primarily through the neurotransmitter glutamate, which transmits signals to higher brain regions (Jean, 2001). The dorsal motor nucleus of the vagus and the nucleus of the solitary tract are located adjacent to each other, and an experiment suggests that the two are connected, resulting in a vagal loop formation (Rinaman et al., 1989). Moreover, the afferent fibers of the VN can regulate inflammation by activating the hypothalamic–pituitary–adrenal (HPA) axis. Environmental stressors can also activate the HPA axis (Agirman et al., 2021; Pavlov et al., 2003). Corticotropin-releasing factor (CRF) 1 plays a pathogenic role in IBS, and CRF1 and CRF2 can regulate visceral hypersensitivity and intestinal permeability through the modulation of TLR4 and the cytokine system, a mechanism that can be blocked by interleukin (IL)-1 receptor antagonists. This mechanism is also positively regulated by lipopolysaccharide (Nozu et al., 2018). In the HPA axis, the adrenal cortex releases cortisol, which can directly activate immune cells such as lymphocytes in the gastrointestinal tract and promote peripheral sensitization. Cortisol binding to the amygdala further promotes the hypothalamic secretion of adrenocorticotropic hormones, exacerbating central sensitization (Moloney et al., 2016).
Extraintestinal macrophages also produce bone morphogenetic protein 2 that stimulates intestinal neurons to produce colony stimulating factor 1 to further increase the number of macrophages. This can be exacerbated by bacterial infections in the gastrointestinal tract. The positive feedback loop could play a role in IBS development (Kabata and Artis, 2019; Muller et al., 2014).
2.1.4 The gut microbiota and metabolites
The gut microbiota helps maintain host health and intestinal homeostasis. IBS subtypes demonstrated varied bacterial composition (Carco et al., 2020). However, the uniform characterization of the IBS-associated gut microbiota remains elusive (Ng et al., 2023). An interaction exists between stress and gut flora (Li Q. et al., 2023; O'Mahony et al., 2017; Tannock and Savage, 1974). According to Mujagic et al. (2022), the level of psychological stress in patients and the magnitude of the effect of psychological stress on IBS symptoms can be used as a basis for clustering the fecal microbiome–metabolome characteristics of patients with IBS, demonstrating the existence of such interactions in IBS. Studies have indicated that the gut microbiota influences gut sensory transduction (Meynier et al., 2024; Shimbori et al., 2022; Vicentini et al., 2021), intestinal immunity (Gobert et al., 2016; Jia et al., 2019; Zheng et al., 2023), neuroendocrine pathways (Gao et al., 2022; Mishima and Ishihara, 2021), and intestinal motility (Gu et al., 2022; Shanahan et al., 2023). Furthermore, previous studies (Dodd et al., 2017; Wei et al., 2021; Yang W. et al., 2020) have demonstrated that the dysregulation of tryptophan metabolites, secondary bile acids, and short-chain fatty acids (SCFAs), are metabolites of the intestinal flora, affects normal intestinal immune function.
2.2 IBD
Symptoms of this chronic inflammatory disease of the gastrointestinal tract include abdominal pain, diarrhea, and rectal bleeding. Extraintestinal manifestations of IBD may also be observed in the skin, eyes, or joints; however, its etiology is unclear (Eberhardson et al., 2021; Rogler et al., 2021). Despite ongoing research, IBD has no known cure, and treatment options focus on symptom management and complication prevention. This section focuses on UC and CD. UC is a chronic nonspecific inflammatory disease that often leads to structural and functional changes in the colon and rectum, and its pathogenesis may be related to intestinal barrier disruption, intestinal immune abnormalities, and dysregulated intestinal homeostasis (Le Berre et al., 2023). CD, also a chronic inflammatory disease, affects the terminal ileum and proximal colon, and it may be caused by genetic factors, intestinal barrier disruption, and intestinal flora disorders (Dolinger et al., 2024). Although the inflammatory features and sites of CD differ from those of UC, immune response abnormalities and intestinal inflammation have been recognized as disease drivers. Most of the current studies on IBD also focus on this aspect. The summarized pathogenesis of IBD is shown in Figure 2.
[image: Diagram illustrating the gut-brain-immune axis. The brain communicates with the gut through the hypothalamic-pituitary-adrenal (HPA) axis, spinal cord, and vagus nerve. Key chemicals include glucocorticoids, glutamate, acetylcholine, and serotonin. The immune system interacts via intestinal epithelial cells, plasmacytoid dendritic cells, and T cell balance. Intestinal microbiota and metabolic products play a crucial role in this interaction.]FIGURE 2 | The role of brain-gut axis in IBD (by Figdraw). IBD, inflammatory bowel disease; HPA, hypothalamic-pituitary-adrenal; CRF, corticotropin releasing factor; ACTH, adrenocorticotropic hormone; NTS, nucleus of the solitary tract; DMNV, dorsal motor nucleus of the vagus; Glu, glutamate; ENS, enteric nervous system; 5-HT, 5-hydroxytryptamine; TRPV1, transient receptor potential vanilloid 1; ACh, acetylcholine; IECs, intestinal epithelium cells; pDCs, plasmacytoid dendritic cells; Th, T helper; Treg, regulatory T.
2.2.1 Mucosal immunity and inflammation in IBD
2.2.1.1 Innate immunity in IBD
Intestinal epithelial cells (IECs) are the first line of defense in the intestine. These proteins are tightly packed together through cellular junctions, which nourish the gut and functions as an intestinal immune barrier (Berin et al., 2006; Deuring et al., 2013). Studies have revealed that the mitochondrial function of IECs is closely related to the intestinal flora, and their dysfunction contributes to the development of ileitis (Alula et al., 2023). The low expression of the protein zonula occludens-1 is a possible reason for the failure of mucosal healing in patients with IBD (Kuo et al., 2021).
Antigen-presenting cells encompass dendritic cells (DCs) and macrophages. Plasmacytoid DCs (pDCs) are one of two subtypes of human DCs that help in activating host innate and adaptive immunity (McKenna et al., 2005; Zhang et al., 2021). pDCs promote the mobilization of colonic phagocytes into inflamed intestinal tissues, leading to the development and exacerbation of acute colitis (Arimura et al., 2017). In addition to DCs, macrophages are also associated with IBD development and exacerbation. In mouse model experiments, enhancing the transformation of M1 macrophages into M2 alleviates experimental colitis (Zhu et al., 2016), whereas psychological stress promotes macrophage polarization toward the M1 phenotype and infiltration into the colon (Ge et al., 2022). The inhibition of M1 polarization mitigates intestinal mucosal inflammation (Chu et al., 2023; Ruan et al., 2023). Furthermore, alterations in sodium–potassium ATPase have been identified as an underlying factor in diarrhea among patients with IBD. In an in vitro study involving IECs, the activation of TLR2, TLR4, and TLR7 led to the downregulation of sodium–potassium ATPase, whereas TLR5 exhibited the opposite effect (Cosme et al., 2023).
2.2.1.2 Adaptive immune in IBD
The imbalance in Th17/regulatory T (Treg) cells has emerged as a potential contributing factor to IBD development. Research indicates that the modulation of the extracellular signal-regulated kinase/mitogen-activated protein kinase (MAPK) pathway can potentially restore the homeostasis of Th17/Treg cells (Liu et al., 2013). Notably, the inhibition of the Harvey rat sarcoma viral oncogene homolog, an upstream pathway regulator, counteracted MAPK-induced enhancement of Th17 cell differentiation and reinstated Th17/Treg cell equilibrium (Wang S. et al., 2024).
2.2.2 Intestinal sensory transduction
Psychological stress activates the sympathetic nerves and decreases the vagal tone, inhibits its anti-inflammatory effects, promotes TNF-α production by macrophages, and exacerbates colitis progression (Bonaz et al., 2016; Breit et al., 2018). Studies have indicated that patients who underwent vagotomy have a lower risk of IBD development (Liu B. et al., 2020) and that electrical stimulation of the VN can improve clinical symptoms in patients with IBD (Sahn et al., 2023). TRPV1+ afferent signaling induces visceral hypersensitivity in colitis mice by preventing microglial activation in the spinal cord (Defaye et al., 2022). The activation of Piezo channels is crucial in the pathogenesis of IBD, particularly in CD. In the ileal mucosal tissues of patients with CD, high levels of Piezo1 protein expression leads to the activation of NOD-like receptor family pyrin domain containing (NLRP) 3 inflammasomes, which cause intestinal inflammation (Liu Q. et al., 2023). Vascular inflammation is widely recognized as a prominent issue in individuals with CD, and its onset is believed to be associated with the protracted exposure of vascular endothelial cells to shear stress. The deleterious effects of shear stress on the endothelium closely intertwined with the activation of calcium signaling mediated by the Piezo1 protein, ultimately resulting in the opening of TRPV4 channels (Hartmannsgruber et al., 2007; Swain and Liddle, 2021).
2.2.3 NEI
Similar to the neuroimmune mechanism of FGIDs, EC and 5-HT are highly expressed in dextran sulfate sodium (DSS)-induced rat colonic mucosa (Oshima et al., 1999). In recent studies, the expression of 5-HT7 receptor has increased in UC and CD, and the 5-HT7 receptor may play a key role in IBD progression (Wan et al., 2023; Xu Z. et al., 2022). In the HPA axis, excessive stress-induced release of glucocorticoids and adrenocorticotropic hormones disrupts tight junction proteins between IECs, which weakens the intestinal mucosal barrier (Xu W. et al., 2021; Zong et al., 2019). The cholinergic anti-inflammatory pathway has also been implicated in the pathogenesis of IBD (Andersson and Tracey, 2012; Borovikova et al., 2000). In a mouse model of DSS- and dinitrobenzene sulfonic acid-induced colitis, attenuating the alpha7 nicotinic acetylcholine receptor-mediated release of macrophage inflammatory factors from the VN was found to result in the reactivation of intestinal inflammation, demonstrating that the cholinergic anti-inflammatory pathway induces intestinal inflammation (Ghia et al., 2009; Yasuda et al., 2011). Intestinal inflammation also increases intestinal permeability, which allows harmful substances in the intestine to enter the CNS by disrupting the gut vascular barrier and blood–brain barrier, which in turn stimulates immune cells in the CNS to trigger a neuroinflammatory response and exacerbates the inflammatory response at the central and peripheral levels (Agirman et al., 2021).
2.2.4 Gut microbial metabolites
Gut microbiota dysbiosis is also involved in the pathogenesis of IBD. The composition of the mucosal microbiota in patients with IBD can influence the expression of mucosal inflammatory genes and intestinal cell types and be used to demonstrate the existence of mucosal host–microbe interactions in IBD (Hu et al., 2024). The concept of IECs–microbiota–immune cell crosstalk has also been proposed (Iyer et al., 2023). The bile acid metabolites 3-oxolithocholic acid and isolithocholic acid inhibited Th17 cell differentiation, demonstrating that they modulate the Th17/Treg cell balance and influence intestinal immunity (Paik et al., 2022). Recent studies have demonstrated that the intestinal flora affects the level of conjugated linoleic acid in the mouse intestine, which upregulates IL-18 signaling in intraepithelial lymphocytes and promotes the differentiation of CD4+ CD8αα+ intraepithelial lymphocytes (Song et al., 2023).
3 UNDERSTANDING THE BRAIN–GUT AXIS, FGIDS, AND IBD IN TCM
The concept of internal organs in TCM is different from that in modern medicine, the heart of TCM includes a part of the function of the brain in modern medicine, and the small intestine includes a part of the intestines. In TCM, a theory revealed that the heart and the small intestine are related exteriorly interiorly, which also corresponds well to the brain–gut axis nowadays. A core of TCM is the overall concept, advocating the integration of human and universe, that is, every internal organ in the human body is interconnected. Functionally, the intestines produced by the refined essence of the material also need to replenish the essence and marrow of the brain. The essence of the brain can also nourish the internal zang-fu located in the lower part of the body, which also coincides with the brain–gut axis.
In TCM, FGIDs may be described as gastric distension, abdominal pain, and diarrhea. IBD may be an intestinal abscess and dysentery. The spleen (pi) and stomach (wei) are the hubs of Qi ascending and descending, and spleen and stomach malfunction is considered the main cause of the disease. In TCM, the stomach is the main organ involved in the preliminary processing and digestion of food, after further conduction to the intestines, the main descending adversely risen Qi, whereas the spleen further transforms food into the body’s refined essence and transported to the whole body, the main ascending Qi. The normal synergy of the two can help the human body Qi and blood abundant, and maintain good health (Zhang et al., 2024). In the case of spleen and stomach dysfunction, the essence cannot nourish the limbs and zang-fu, and disturbed Qi activity, bloating, diarrhea, and pain will occur. Over time, the disturbed Qi activity will also lead to the production of pathological products such as dampness and blood stasis, aggravating the impeding of Qi activity. The liver also plays a role in pathogenesis, as it regulates the smooth flow of Qi, and liver disease can result in similar pathologic changes as described above. Therefore, the treatment of FGIDs by TCM mainly aims at restoring the normal physiology of the liver, spleen, and stomach and adopts different treatments according to symptoms, such as harmonizing the liver and spleen, invigorating the spleen, and harmonizing the stomach. Meanwhile, IBD treatment is directed at moving Qi to remove stagnancy and obstruction, clearing heat and resolving dampness, and promoting blood circulation to remove blood stasis.
4 CLINICAL EFFICACY AND SAFETY OF TCM IN FGIDS AND IBD
TCM has accumulated rich clinical experience in the treatment of FGIDs and IBD and has demonstrated relatively clear efficacy in improving symptoms and quality of life of patients (Chiarioni et al., 2023; Heiran et al., 2022). This section will discuss the utilization of botanical drugs, herbal crude extracts, proprietary Chinese medicines, TCM formulas, and acupuncture for the management of the aforementioned conditions. Table 1 summarizes the primary clinical outcomes documented in TCM literature concerning the FGIDs and IBD management.
TABLE 1 | Clinical trials of TCM intervention in the treatment of FGIDs and IBD.
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Clinical studies evaluating the efficacy of TCM interventions for FGIDs have used several efficacy evaluation scales and questionnaires, of which the IBS-Symptom Severity Score and the Bristol Stool Scale are the main tools used to assess efficacy in IBS, and the Single Dyspepsia Symptom Scale is the main tool used to assess efficacy in FD. Xiangsha Liujunzi granules (14 g three times daily) relieved FD symptoms and reduced recurrence for up to 4 weeks post-treatment (Lv et al., 2017). Tong-Xie-Yao-Fang (TXYF) granules are effective in treating IBS-D in multiple clinical trials. In a multicenter randomized clinical trial with a total sample of 1044 patients, personalized TXYF (warm decoction) for IBS-D was significantly superior to pivacurium bromide in improving fecal characteristics (Fan et al., 2017). The results of another randomized clinical trial with 12 weeks of treatment showed that patients receiving TXYF (25.4 g three times daily) had significantly lower abdominal pain visual analog scale scores than patients who received the placebo at 3–7 weeks of treatment (Chen et al., 2018). The number of mast cells in the colonic mucosa was significantly reduced after TXYF treatment and was significantly different between the pretreatment and control groups (Pan et al., 2009).
Acupuncture has demonstrated efficacy in treating various IBS subtypes, predominantly IBS-D. Recent systematic reviews have confirmed the effectiveness of acupuncture in alleviating abdominal pain symptoms in patients with IBS (Yang et al., 2022) and have highlighted its safety profile for pediatric and adult populations (Cai et al., 2024). Key acupoints such as “Tianshu” (ST25), “Zusanli” (ST36), and “Shangjuxu” (ST37) are commonly targeted in acupuncture interventions. A study indicated that acupuncture, particularly when targeting mental and spleen regulation, outperformed pivacurium bromide in the early-stage relief of abdominal pain in patients with IBS-D (Li et al., 2017). Furthermore, acupuncture has shown promise in modulating constipation and diarrhea in individuals with IBS (Guo J. et al., 2021). In FD, acupuncture is effective in ameliorating symptoms of postprandial distress syndrome, including postprandial fullness, early satiety, and epigastric distension, with therapeutic benefits persisting for up to 8 weeks post-treatment cessation (Yang J. W. et al., 2020). A 4-week electroacupuncture treatment of 333 patients with IBS-D or FD improved patients’ quality of life, reduced defecation frequency, and improve stool consistency (Zheng et al., 2016).
TCM treatments for FGIDs are generally considered safe when administered by trained practitioners. However, potential side effects can occur, including allergic reactions to herbs, gastrointestinal upset, and in rare cases, interactions with conventional medications.
4.2 Clinical efficacy and safety of TCM in IBD
The Mayo score and Crohn’s Disease Activity Index are commonly utilized efficacy assessment tools in clinical studies evaluating TCM interventions for IBD. Andrographis paniculata ethanol extract and Qing-Chang-Hua-Shi (QCHS) granules are frequently employed for UC, whereas boswelan is commonly used for CD. In an 8-week randomized clinical trial involving patients with UC, Andrographis paniculata ethanol extract at a dose of 400 mg three times daily was superior to mesalazine at a dose of 1,500 mg three times daily (Tang et al., 2011) and to placebo at 1800 mg twice daily (Sandborn et al., 2013). However, some adverse effects of the ethanol extract of Andrographis paniculata, such as fever, rash, and high C-reactive protein levels, were reported in a previous clinical trial (Tang et al., 2011).These side effects may be attributed to the immunostimulatory properties of the extract, which can cause an exaggerated immune response in some individuals.As such, caution should be taken when utilizing it in clinical practice. Boswelan has shown superiority over placebo in symptom relief and relapse prevention in patients with CD (Holtmeier et al., 2011). A study indicated that QCHS (150 mL twice daily) was more effective in improving UC symptoms and has a better safety profile than the 0.25 g/tablet, 1 g/time, four times daily dose of mesalazine (He et al., 2012).
Acupuncture and moxibustion are commonly employed to treat IBD, which are frequently targeted acupoints such as “Tianshu” (ST25) and “Zusanli” (ST36). In patients with UC, spaced moxibustion has shown significant efficacy in alleviating symptoms and reducing the expression of inflammatory markers (Qi et al., 2021; Zhou et al., 2009). Furthermore, acupuncture and moxibustion lead to notable improvements in symptomatology and decreased expression of relevant inflammatory markers in patients with IBD. Specifically, studies have highlighted the safety and efficacy of acupuncture and moxibustion at acupoints “Zhongwan” (CV12), “Shangjuxu” (ST37), and “Tianshu” (ST25) in individuals with mild-to-moderate active CD who exhibit poor responsiveness to or intolerance of conventional medications (Bao et al., 2022). These findings have been recognized as one of the top 10 Academic Advances in Traditional Chinese Medicine for 2022.
In recent years, peppermint and TXYF have been incorporated into guidelines and expert consensus for IBS (Disorders et al., 2020; Lacy et al., 2021). For patients with mild-to-moderate active UC, the 2022 Chinese expert consensus on the diagnosis and treatment of FD strongly recommends the combined use of QCHS and herbal enema (Group et al., 2024). The Chinese consensus on FD (Group et al., 2022) suggests the use of TCM such as Xiangsha Liujunzi granules and Biling Weitong granules, along with acupoint stimulation. TCM and acupoint stimulation are considered safe and effective in managing FGIDs and IBD in clinical settings.
The safety profile of TCM in IBD is generally favorable, but care must be taken to avoid herb-drug interactions, especially with immunosuppressive therapies. Potential adverse effects include gastrointestinal disturbances and allergic reactions. The quality control of herbal products is critical to ensure safety.
TCM offers promising complementary and alternative treatment options for FGIDs and IBD, with potential benefits in symptom relief and quality of life improvement. However, patients should seek treatment from qualified TCM practitioners and consider TCM as part of an integrated treatment plan. Ongoing research and well-designed clinical trials are essential to further validate the efficacy and safety of TCM in these conditions.
5 POTENTIAL ACTION MECHANISMS OF TCM IN FGIDS AND IBD
TCM shows promise in treating FGIDs and IBD; nonetheless, the specific mechanism remains undefined. A possible explanation for the effectiveness of TCM in these conditions is its ability to regulate the gut microbiome, which is crucial in the development and progression of FGIDs and IBD. TCM botanical drugs and formulations have antimicrobial and anti-inflammatory properties, which may help restore balance to the gut microbiome and alleviate symptoms. In addition, TCM often takes a holistic approach, addressing not only physical symptoms but also contributing emotional and psychological factors. This comprehensive approach may also contribute to the success of TCM in treating FGIDs and IBD. However, more studies are needed to fully understand the mechanism of action of TCM in these conditions and optimize its use in clinical practice. This section summarized the major research conducted in the last 5 years regarding how TCM affects FGIDs and IBD.
5.1 Modulation of intestinal immune and inflammatory functions
5.1.1 FGIDs
The dried mycorrhizae of Poria cocos (Schw.) Wolf of family Polyporaceae are used as medicinal components of P. cocos, which are commonly used in the treatment of diarrhea and other diseases because of its ability to strengthen the spleen and stomach and regulate water metabolism (Chinese Pharmacopoeia Commission, 2020). A 2-weeks study on three extracts of P. cocos (triterpenoid, water-soluble polysaccharide, and acidic polysaccharide) showed that water-soluble (7.5 g/kg) and acidic (1.0 g/kg) polysaccharides could help regulate Th1/Th2 and Th17/Treg homeostasis in alternate-day fasting and weight-loaded forced swimming-induced FD rats. Triterpenoid (7.5 g/kg) can promote repair of the gastrointestinal mucosa in rats, and Buzhongyiqi pill (4.5 g/kg) was used as the positive control (Tu et al., 2022). Baicalin–berberine nanoparticles, a combination of baicalin extracts from Scutellaria baicalensis Georgi and berberine extracts from Coptis chinensis Franch., reduced the expression of nuclear factor-kappa B (NF-κB) in the colonic tissues of IBS-D mice and decreased basophil granulocyte and leukomonocyte levels in the whole blood of mice for 10 days (Li L. et al., 2020). Wei-Tong-Xin is a Chinese herbal formula composed of five botanical drugs, namely, Rheum pal matum L., Aucklandia lappa Decne, Gleditsia sinensis Lam, Pharbitis nil (L.) Choisy, and Glycyrrhiza uralensis Fisch. Zhang X. et al. (2022) treated FD rats with Wei-Tong-Xin (0.5, 1.0, and 2.0 g/kg) for 3 days at different administration doses, which significantly promoted gastrointestinal motility in a dose-dependent manner. The therapeutic effect may be accomplished by downregulating the TLR4/myeloid differentiation factor 88 signaling pathway and reducing the expression of glucagon-like peptide 1 and its receptor. Electroacupuncture at “Zusanli” (ST36) was reported to reduce the number of mast cells, inhibit their degranulation release in FD rats, and downregulate the expression of nerve growth factor and its receptor (Dong et al., 2022). It can also reduce the amount of TLR4 in colon tissues to reduce the release of proinflammatory factors from mast cell degranulation and restore the normal role of the intestinal mucosal barrier (Yang et al., 2019). Chang’an II (2.85, 5.71, and 11.42 g/kg), derived from TXYF (Wang et al., 2015), was used to treat 2,4,6-trinitrobenzene sulfonic acid-induced post-infectious IBS model rats for 2 weeks. It reduced inflammation in post-infectious IBS model rats by increasing the ratio of CD4+/CD8+ cells in the lamina propria and submucosa of the small intestinal mucosa and decreasing the levels of IL-1β and IL-4.
5.1.2 IBD
To regulate the innate immune system, the mechanism of TCM mostly involves TLR4-related inflammatory pathways and macrophage polarization. For example, G. uralensis Fisch. (Shi et al., 2022), Portulaca oleracea L. polysaccharide (Yang et al., 2023), and others increase the expression of intestinal tight junction proteins to repair the intestinal barrier by regulating the downregulation of the TLR4-myeloid differentiation factor 88-NF-κB pathway. Pingwei San (Zhang et al., 2019), baicalin and emodin coadministration (Xu B. et al., 2021), and honokiol (Wang N. et al., 2022) inhibited downstream NF-κB activation through TLR4 inhibition and peroxisome proliferator-activated receptor-γ activation. A 10-day study in DSS-induced UC mice showed that coptisine (25, 50, and 100 mg/kg) inhibited the MAPK/extracellular signal-regulated kinase signaling pathway and increased N6-methyladenosine RNA methylation to regulate macrophage polarization.5-ASA (200 mg/kg) was used as the positive control (Zhao et al., 2024), and adenosine 5′-monophosphate-activated protein kinase, a polarization regulator, was activated in the peritoneal macrophages of mice with DSS-induced colitis by platycodon D at a dose of 10 mg/kg (Guo R. et al., 2021). TXYF (5.6 and 11.2 g/kg) inhibited NF-κB activation and thus reduced NLRP3 gene expression, the optimal dose is 11.2 g/kg, and a positive control was not set (Zhang H. Y. et al., 2022). Together, these three factors reduce M1 polarization, increase M2 polarization, and reduce diarrhea in model animals. In a 1-week study of 2,4,6-trinitrobenzene sulfonic acid-induced IBD mice treated with electroacupuncture stimulation at bilateral “Dachangshu” (BL25), electroacupuncture inhibited the activation of macrophages in the colonic mucosa and reduced the release of inflammatory factors through the activation of cannabinoid CB2 receptors (Zhang H. et al., 2022). Qinghua Quyu Jianpi decoction (14.17 g/kg) can activate the Wnt pathway, promoting epithelial cell turnover, reducing apoptosis, activating the Wnt pathway by inducing nuclear translocation of β-catenin, accelerating the cell cycle, and promoting cell proliferation (Qu et al., 2023).
To regulate the adaptive immune system, studies on the anti-inflammatory effects of TCM have focused on restoring the Th17/Treg cell balance in IBD, i.e., promoting the conversion of naive CD4+ T cells to Tregs. For example, paeoniflorin (Zheng et al., 2020), Kuijie decoction (Peng et al., 2024), classic formula Yiyi Fuzi Baijiang formula (Liu et al., 2023d), The Gegen Qinlian decoction, a TCM prescription documented in an ancient text dating back approximately 1800 years ago, are commonly used for the treatment of damp–heat diarrhea, and Gegen Qinlian decoction (1.5 and 7.5 g/kg) was found to reduce the Th17-like transformation of Tregs and attenuate the intestinal immune response of DSS-induced mice by inhibiting the overactivation of signal transducers and activators of transcription 3 (Zhao et al., 2021). After 1 week trial, Astragaloside IV (50 and 100 mg/kg) inhibited the overactivation of the Notch signaling pathway in a dose-dependent manner to restore the normal Th17/Treg cell ratio, decrease IL-17A and IL-21 levels, increase body weight, and decrease the disease activity index in DSS-induced colitis mice (Zhong et al., 2022a) (Table 2).
TABLE 2 | Mechanism of intestinal immune and inflammatory functions in TCM intervention of FGIDs and IBD.
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5.2.1 FGIDs
Patchouli alcohol, one of the active metabolites of Agastache rugosa (Fisch. et Mey.) O. Ktze. downregulates excitatory longitudinal muscle myenteric plexus neurons in the distal colon at doses of 5, 10, and 20 mg/kg, decreasing the proportion of Ach- and substance P-positive neurons and the number of Ach- and substance P-positive neurons, downregulating choline acetyltransferase expression, leading to improved symptoms (Chen W. et al., 2022). Previous studies have revealed that capsaicin can activate TRPV1 receptors, and calcitonin gene-related peptide is released from capsaicin; therefore, calcitonin gene-related peptide is thought to be associated with pain, inflammation, and vasodilation (Russell et al., 2014). Liangfu pills are composed of Alpinia officinarum Hance and Cyperus rotundus L., and network pharmacology and animal experiments have jointly demonstrated that Liangfu pills (1.8, 3.6, and 7.2 g/kg) reduces the levels of TRPV1 and calcitonin gene-related peptide expressions, thereby increasing the gastric emptying rate and small intestinal propulsion in a rat model of gastric cold syndrome for FD treatment. Mosa was used as the positive control (He et al., 2022). TXYF (20 mL/kg) inhibits the activation of enteric glial cells, downregulate the nerve growth factor/tyrosine kinase signaling pathway in the colon of neonatal maternal separation and restraint stress-induced IBS-D rats, reduce the abdominal withdrawal reflex score, and alleviate abdominal pain and diarrhea (Lu and Zhang, 2023). Moreover, electroacupuncture stimulation of “Zusanli” (ST36) reduced the plasma norepinephrine concentration in FD rats, improving impaired gastric slow wave and mediating via the afferent central pathway involving the nucleus of the solitary tract and the vagal cholinergic efferent pathway (Zhang et al., 2020).
5.2.2 IBD
Studies on TCM for modulating sensory transduction in patients with IBD are limited, and only studies on goji berries are being conducted. Lycium barbarum L. belongs to the Solanaceae family, and its source of bioactivity is L. barbarum polysaccharide isolated from the fruit of L. barbarum. L. barbarum L. has the effect of tonifying the liver and kidney, benefiting the essence and brightening the eyes (Chinese Pharmacopoeia Commission, 2020; Tian et al., 2019). L. barbarum polysaccharide alone (100 mg/kg) or in combination (50 mg/kg) with capsaicin (6 mg/kg) led to appropriate body weight of DSS-induced UC rats, a reduction in serum IL-6 and colonic TNF-α levels, and a decrease in TRPV1 and transient receptor potential ankyrin 1 expression in colonic tissues for 4 weeks, thereby exerting anti-inflammatory effects; a positive control was not set (Chen Y. S. et al., 2022) (Table 3).
TABLE 3 | Mechanism of intestinal neurosensory transmission in TCM intervention of FGIDs and IBD.
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5.3.1 FGIDs
Pueraria lobata (Willd.) Ohwi, a Chinese botanical drug, is often used to treat diarrhea (Chinese Pharmacopoeia Commission, 2020). In a 2-week study using neonatal maternal separation and adult colonic acetic acid stimulation-induced IBS-D rats model, puerarin, a natural metabolite of Pueraria Mirifica, inhibited the HPA axis by downregulating CRF, promoting IEC proliferation and repairing the intestinal barrier at doses of 6, 12, and 24 mg/kg, with multipathway therapeutic effects (Wang et al., 2021). Liu et al. (2024) conducted 1-week, 20-min -a-day electroacupuncture in the “Zhongwan” (RN12) and “Zusanli” (ST36) in FD rats and observed that electroacupuncture increased body weight and intestinal propulsion rate, decreased the levels of CRF and CRF-R1 in the hypothalamus and duodenum, and decreased levels of serum corticotropin-releasing hormone and adrenocorticotropic hormone levels in the rat, which demonstrated that electroacupuncture of FD mechanism is related to the CRF signaling pathway. Yu et al. (2019) treated chronic acute combing stress-induced IBS rats with resveratrol (10, 20, and 40 mg/kg) for 22 days at different administration doses, and they discovered that a high dose of resveratrol (40 mg/kg) rescued the decreases in hippocampal PKA, pCREB, and BDNF expression downstream of 5-HT1A. However, low resveratrol doses (10 mg/kg) do not have this effect. The modified Liu-Jun-Zi decoction consists of nine botanical drugs, namely, Codonopsis pilosula (Franch.) Nannf., Corydalis yanhusuo W.T. Wang, Atractylodes macro cephala Koidz., Magnolia officinalis Rehder and E.H. Wilson, Aucklandia lappa DC., Amomum villosum Lour., and G. uralensis Fisch., which have been shown to downregulate the overexpression of duodenal EC cells and inhibit the signaling of 5-HT3 receptor in FD rats (Zhao et al., 2020). Shugan decoction is a proportional preparation of five Chinese botanical drugs, including Atractylodes macrocephala Koidz., Paeonia lactiflora Pall., Citrus reticulata Blanco, Bupleurum chinense DC., and Saposhnikovia divaricata (Turcz.) Schischk. Serotonin transporter knockout also reduces the frequency and extent of longitudinal smooth muscle contractions in the colon and alleviates diarrhea symptoms in IBS rats (Wang et al., 2020).
5.3.2 IBD
TXYF not only regulates abnormal immunity in patients with UC and improves sensory transduction in patients with IBS but also affects neuroimmunity. By lowering serum 5-HT, TXYF (2.5, 5, and 10 g/kg) can downregulate hepatic 5-HT2A receptor expression, improve hepatic lipid metabolism, and reduce intestinal pathological injury and hepatic steatosis. SASP (0.3 g/kg) was used as a positive control (Zhang X. F. et al., 2022). It can also upregulate the expression of the colonic serotonin transporter to reduce 5-HT levels, reverse decreases in superoxide dismutase activity, and reduce the levels of inflammatory factors such as IL-6 and IL-9 (Luo et al., 2021). Therefore, TXYF, as a commonly used antidiarrheal herbal medicine in clinical practice, can be used to treat FGIDs and IBD through multiple pathways. Shaoyaotang consists of nine Chinese botanical drugs, including Paeonia lactiflora Pall., Areca catechu L., and Scutellaria baicalensis Georgi, which is commonly used in the treatment of dampness–heat diarrhea to clear heat, resolve dampness, and regulate Qi and blood. Shaoyaotang (32 g/kg) upregulates the human serotonin transporter-encoding gene SLC6A4, the key enzyme for 5-HT degradation, monoamine oxidase A and monoamine oxidase B, in DSS-induced UC mice; thus, Shaoyaotang reduces colonic inflammatory cell infiltration by promoting 5-HT transport and degradation (Li Y. N. et al., 2023). In addition, electroacupuncture stimulation of “Zusanli” (ST36) activated Ach release from the VN in the colon to significantly reduce plasma TNF-α, IL-1β, and IL-6 levels, decrease the disease activity index, and increase daily food intake in a rat model of colitis (Jin H. et al., 2019). Herb-partitioned moxibustion of “Qihai” (CV6) and “Tianshu” (ST25) can reduce colonic mucosal congestion and edema in CD rats by downregulating the expression levels of dopamine and dopamine receptor 1 in the colon, hypothalamus, and spinal dorsal horn (Lu et al., 2019) (Table 4).
TABLE 4 | Mechanism of NEI in TCM intervention of FGIDs and IBD.
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5.4.1 FGIDs
Members of the Magnoliaceae family M. officinalis Rehd. et Wils. are used for the treatment of bloating and indigestion because of their ability to regulate gastrointestinal Qi (Chinese Pharmacopoeia Commission, 2020). As one of the extracts of M. officinalis Rehd. et Wils, magnoloside A (5, 10, and 20 mg/kg) increased the abundance of intestinal microbiota; however, magnoloside A decreases the abundance of beneficial intestinal bacteria, such as Akkermansia, at high concentrations of magnolinoside A (20 mg/kg) (Xue et al., 2019). Atractyloside-A, one of the main metabolites of the Chinese medicine Atractylodes lancea (Thunb.) DC., can exert therapeutic effects by decreasing the Firmicutes/Bacteroidetes ratio and downregulating the expression of 5-HT and 5-HT3 receptors (Xu J. et al., 2022). One-week treatment with acupuncture or moxibustion of bilateral “Zusanli” (ST36) in IBS-D rats decreased the relative abundance of Bacteroidetes and Proteobacteria, increased the relative abundance of Firmicutes, decreased the synthesis of lipopolysaccharides, and attenuated inflammatory response. In addition, the moxibustion group promotes the synthesis and metabolism of amino acids, such as tyrosine and tryptophan (Lai et al., 2023). Fuzi-Lizhong pills (50 and 150 mg crude drug/mL) have been used to treat digestive disorders and increase the abundance of Lactobacillus, a key flora for repairing the immune barrier of the intestinal tract, decrease the abundance of inflammation-associated microbiota such as Bacteroide,s and significantly decrease the levels of TNF, IL-1β, IL-6, and INF-γ and attenuate diarrhea in IBS-D rats in the state of spleen yang deficiency (Zhen et al., 2021).
5.4.2 IBD
The regulatory effect of Chinese medicine on IBD flora focuses on the restoration of the normal composition of intestinal flora by reducing the abundance of harmful bacteria, increasing the levels of beneficial bacteria, and regulating microbiota metabolism. Huai Hua San is based on Sophora japonica L., which is widely used for treating lower gastrointestinal diseases, and an 8-day study showed that Huai Hua San can reduce the Firmicutes/Bacteroidetes ratio to that of healthy people, restore colonic vascular permeability, and reduce the disease activity index (Liu P. et al., 2020). Pulsatilla decoction, which consists of four Chinese botanical drugs, namely, Pulsatilla chinensis (Bunge) Regel, Coptis chinensis Franch., Phellodendron chinense Schneid., and Fraxinus rhynchophylla Hance, originated in the Eastern Han Dynasty. It can increase body weight and colon length in DSS-induced UC mice by potentially repairing the intestinal mucosal barrier through the upregulation of tight junction proteins such as zonula occludens-1 and occludin. This alteration leads increases the relative abundance of Bacteroidetes, reductions in the relative abundance of Firmicutes and Proteobacteria, and elevations in the total content of SCFAs in the intestines, with an optimal dose of 8.1 g/kg (Niu et al., 2023). In addition, electroacupuncture of “Dachangshu” (BL25) and bilateral “Tianshu” (ST25) in obese IBD rats also reduce the Firmicutes/Bacteroidetes ratio (Yang et al., 2024). The methanol extract of Schizonepetae Spica (500 and 1,000 mg/kg) improved the intestinal flora by downregulating the abundance of harmful bacteria such as Clostridiales and Desulfovibrio and upregulated the abundance of beneficial bacteria such as Muribaculaceae and Ligolactobacillus in DSS-induced colitis mice. Salazosulfapyridine (1,000 mg/kg) was used as the positive control (Ye et al., 2023).
Schisandra chinensis polysaccharides significantly downregulated the levels of IL-6, IL-10, IL-17, and TNF-α; antagonized DSS-induced intestinal dysbiosis in mice; increased the levels of acetic acid, propionic acid, and total SCFAs; and improved SCFAs metabolism, which is useful for treating the symptoms of abdominal pain and blood in the stool of mice. Salazosulfapyridine (200 mg/kg) was used as the positive control (Su et al., 2020). Paeonol similarly restores the homeostasis of the intestinal flora and regulates SCFAs metabolism (Zhao M. et al., 2023). Recent metabolomics and animal studies have shown that uric acid levels are closely related to the integrity of the intestinal barrier and that abnormally high uric acid levels in the intestinal tract can lead to deterioration of the intestinal barrier, whereas one of the extracts of Rheum palmatum L., rhein (50 and 100 mg/kg) indirectly affected purine metabolism by increasing the abundance of intestinal lactobacilli in mice with DSS-induced chronic colitis, lowering the concentration of intestinal uric acid, and reversing the increase in the permeability of the intestinal barrier in IBD. A positive control was not set (Wu et al., 2020) (Table 5).
TABLE 5 | Mechanism of microbial homeostasis in TCM intervention of FGIDs and IBD.
[image: A detailed table comparing various interventions for treating digestive disorders. Columns include types of disorders, interventions, main ingredients or acupoints, experiment models, mechanisms, and references. Each row lists specific interventions with their respective ingredients and mechanisms of action on different models, including effects on microbiota, metabolism, and inflammation. References to studies are included at the end of each row.]6 CONCLUSIONS
The pathogenesis of FGIDs and IBD involve a complex interplay of mechanisms with the brain–gut axis, encompassing inflammatory responses, immune dysregulation, impaired neurosensory transmission, disrupted neuroendocrine–immune interactions, and alterations in the composition of the gut microbiota. TCM shows effectiveness in alleviating disease symptoms, slowing disease advancement, and averting disease reappearance. According to the above TCM that can treat FGIDs and IBD (Figure 3), terpenes (triterpenoid of Poria cocos, patchouli alcohol, and platycodon D, etc.), polysaccharides (water-soluble polysaccharide of P. cocos, acidic polysaccharide of P. cocos, Portulaca oleracea L. polysaccharide, Lycium barbarum polysaccharide, etc.), flavonoids (baicalin, Puerarin, etc.), glycosides (paeoniflorin, magnoloside A, Atractyloside-A, etc.), and other metabolites (alkaloids, phenols, anthraquinones, aldehydes, etc.) were major bioactive metabolites in TCM for the treatment of FGIDs and IBD. Schisandra chinensis (Turcz.) Baill., Wei-Tong-Xin, Shaoyaotang, TXYF, and QCHS, etc., were the main TCM botanical drugs and formulas. Acupuncture treats FGIDs and IBD primarily by electroacupuncture stimulation of “Zusanli” (ST36) and herb-partitioned moxibustion of “Qihai” (CV6) and “Tianshu” (ST25). The mechanism of TCM interventions on FGIDs and IBD is multipathway, namely, botanical drugs, metabolites, prescriptions, and acupuncture. However, the greatest number of studies has focused on the regulation of intestinal inflammation and immunity and the fewest on intestinal neurosensory transmission, and acupuncture mainly focuses on modulating the NEI.
[image: Diagram illustrating the effects of Traditional Chinese Medicine, acupuncture, and moxibustion on intestinal health, featuring sections on intestinal neurosensory transmission, immune and inflammatory functions, and microbial homeostasis. Highlights interactions with the brain, nervous, and immune systems related to inflammatory bowel disease (IBD) and functional gastrointestinal disorders (FGIDs).]FIGURE 3 | Mechanism of TCM intervention of FGIDs and IBD based on the brain-gut axis theory (by Figdraw). TCM, traditional Chinese medicine; IBD, inflammatory bowel disease; FGIDs, functional gastrointestinal disorders; NEI, neuroendocrine-immune network; 5-HT, 5-hydroxytryptamine; 5-HIAA, 5 hydroxyindoleacetic acid; MAO, monoamine oxidase; SERT, serotonin transporter; 5-HT2AR, 5-hydroxytryptamine 2A receptor; DA, dopamine; DR1, dopamine receptor 1; EA, electroacupuncture; ACh, acetylcholine; VN, vagus nerve; TNF, tumor necrosis factor; IL, interleukin; TRPV1, transient receptor potential vanilloid 1; TRPA1, transient receptor potential ankyrin 1; TLR4, toll-like receptor 4; NF-κB, nuclear factor -kappa B; MyD88, myeloid differentiation factor 88; PPAR-γ, peroxisome proliferator activated receptor gamma; iNOS, inducible nitric oxide synthase; Th, T helper; Treg, regulatory T; NLRP, NOD-like receptor family pyrin domain containing; SCFAs, short-chain fatty acids; ZO-1, Zonula occludens-1; CRF, corticotropin-releasing factor; ACTH, adrenocorticotropic factor; EC, enterochromaffin cell; 5-HT3R, 5-hydroxytryptamine 3 receptor; M3R, muscarinic receptorsubtype-3; BDNF, brain derived neurotrophic factor; p-CREB, p-cAMP-response element binding protein; CRH, corticotropin-releasing hormone; CGRP, calcitonin gene-related peptide; ChAT, choline acetyltransferase; EGCs, enteric glial cells; NGF, nerve growth factor; Glu, glutamate; SP, substance P; LMMP, longitudinal muscle myenteric plexus; c-Fos, proto-oncogene c-Fos; NTS, nucleus of the solitary tract; GLP-1, glucagon-like peptide 1; Arg-1, arginase-1; BASO, basophil granulocyte; LYMPH, leukomonocyte; LPS, lipopolysaccharides.
We have outlined the potential molecular mechanisms of TCM in FGIDs and IBD, with focus on therapeutic outcomes, targets, and signaling pathways in animal models: 1) modulation of the levels of proinflammatory cytokines in the intestinal tract, such as ILs and tumor necrosis factor, downregulation of proinflammatory signaling pathways such as NF-κB, MAPK, and levels of NLRP inflammatory vesicles; 2) antagonism of the aberrant activation of immune cells in the intestinal tract, such as M2-like polarization, downregulation of the Th1/Th2 and Th17/Treg cell ratios, and downregulation of TLR levels on the immune cell surface; 3) restoration of the intestinal barrier and promotion of the expression of tight junction proteins, such as zonula occludens-1 and occludin; 4) intervention in visceral hypersensitivity reaction by decreasing the number of hypersensitivity-associated neurons and osmosensory channel expression, such as TRPV; 5) modulation of the levels of intestinal barrier injury-related neurotransmitters (Ach, 5-HT, and DA) and downregulation of CRF levels to antagonize their pathogenic effects; and 6) upregulation of the abundance of beneficial bacteria in the intestine and the downregulation of that of detrimental bacteria, e.g., decreasing the Firmicutes/Bacteroidetes ratio and increasing the abundance of Lactobacillus, to restore the normal intestinal metabolism, e.g., SCFAs metabolism and purine metabolism. Therefore, TCM can elicit therapeutic effects by targeting multiple pathways, components, and modes of action, indicating its promising developmental potential.
This paper discussed FGIDs and IBD, a large group of diseases with unclear pathogenesis and no clear cure is available, which are urgent problems for modern medicine. TCM has shown promise in treating FGIDs and IBD through evidence-based practices guided by a holistic approach. For example, 4 weeks of TXYF treatment in patients with IBD effectively reduced the number of diarrhea episodes, improved fecal character, and was superior to the antispasmodic pinaverium (Fan et al., 2017). Acupuncture and moxibustion were reported to alleviate symptoms in patients with mildly to moderately active CD and repair the intestinal barrier (Bao et al., 2022). TCM targets the brain–gut axis by modulating intestinal immunity and inflammation, normalizing sensory transmission to reduce visceral hypersensitivity, regulating neuroimmunity, and restoring intestinal microbial balance. The review of research on TCM treatment of FGIDs and IBD, the following problems have been identified: 1) The small sample size of clinical studies and unreported inclusion and exclusion criteria make it difficult to avoid selection bias, so the credibility of the experimental results cannot be guaranteed, and most clinical research evidence is of poor quality. 2) Because FGIDs and IBD are chronic recurrent diseases, most clinical studies have a short follow-up period; thus, longer follow-up studies are needed to better observe the long-term efficacy of TCM treatments. 3) Research on existing mechanism focuses on TCM regulation against a single target, lack of multi-target, multi-faceted validation, and the need to evaluate the synergistic therapeutic effect of different components of TCM formulas to regulate multiple targets in the direction of efforts. 4) Insufficient depth of mechanistic studies on TCM and the need for more rigorous design in terms of the active metabolite and effective concentration to confirming the safety and effectiveness of the potentially effective metabolite. 5) The core of TCM is the overall concept and treatment based on pattern differentiation, and existing animal models of the two diseases do not correspond with the TCM evidence patterns, and TCM treatments deviated.
The goal of modern medicine in IBD treatment has gradually shifted to the promotion of intestinal mucosal healing and long-term relief of clinical symptoms (Turner et al., 2021). Existing IBS treatments also fail to meet the clinical need for pain relief, and the recurrence of FGID symptoms is also of concern (Ford et al., 2020b; Singh et al., 2022). The treatment of TCM in these aspects has advantages. A meta-analysis showed that TCM retention enema was superior to conventional drug therapy in terms of clinical efficacy and reduction of recurrence and colonoscopic improvement of ulceration in patients with UC (Yan et al., 2021). Moreover, the treatment of IBS and FD with Weichang’an pill combined with Western medicine is superior to the application of Western medicine alone, and the combined treatment of TCM and Western medicine can significantly alleviate abdominal pain and bloating and reduce FD recurrence without increasing the incidence of adverse reactions (Jiabao et al., 2023). This proves the potential of TCM. However, the mechanism of action of TCM is not clear; thus, it lacks credibility for large-scale application in clinical treatment. Moreover, hepatotoxicity and drug–drug interactions of TCM should be noted. Polygonum multiflorum Thunb., Scutellaria baicalensis Georgi, and Gynura segetum are the three most commonly reported to cause drug-induced liver injuries (Ballotin et al., 2021), Salvia miltiorrhiza Bge. Increases the risk of bleeding when taken with warfarin (Chan, 2001). In recent years, the concept of brain–gut–microbiota axis has received widespread attention and has been applied to various diseases, which is a promising development direction (Zhu et al., 2024). Research on gut microbiota by TCM is still immature. Therefore, more studies are needed to fully substantiate the efficacy of TCM in restoring gut microbial homeostasis. Care prevent and cure diseases, the modernization and standardization of TCM are desired to. With the scientists’ deepening of the concept of brain–gut axis and the continuous development of science and technology, as well as the interpenetration and integration of TCM and modern medicine, a breakthrough may occur in the prevention and treatment of FGIDs and IBD by TCM, which will bring the hope of cure to more patients.
One limitation of our study is that we employed a narrative review approach instead of a systematic review, which inherently comes with certain drawbacks. Specifically, the scope of literature we reviewed was not as comprehensive as it could have been, potentially leading to an incomplete representation of the topic. This lack of exhaustive literature retrieval suggests that readers should interpret the conclusions of this paper with caution. While narrative reviews can offer valuable insights, they do not always provide clear transparency regarding the criteria used for selecting and excluding literature, which may introduce biases or omissions. We acknowledge these limitations and advise readers to consider them when evaluating the conclusions drawn in this study.
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Background: Despite advances in medical science, chronic obstructive pulmonary disease (COPD) continues to impact patients’ lives significantly, due to symptom management limitations. Cheongsangboha-tang (CSBHT; Qing Shang Bu Xia Tang) and Hyunggaeyeongyo-tang (HGYGT; Jing Jie Lian Qiao Tang) have been used to treat respiratory diseases, including COPD. However, clinical data supporting their efficacy are lacking. We prospectively observed the response of patients with COPD to CSBHT and HGYGT as adjunctive therapies and assessed the feasibility of future research.Methods: Patients with COPD who were prescribed adjunctive HGYGT or CSBHT according to the COPD clinical practice protocol of Kyung Hee University Korean Medicine Hospital were recruited. Participants visited the hospital every month, for 6 months, to receive herbal preparations according to a Korean Medicine doctor’s diagnosis and prescription and outcome evaluations. The primary outcome was the 6-min walking test (6-MWT). Secondary outcomes included the pulmonary function test (PFT), COPD Assessment Test (CAT), St. George’s Respiratory Questionnaire (SGRQ), and modified Medical Research Council (mMRC) score. Syndrome differentiation, adverse events, and patient adherence were recorded.Results: Thirty-seven patients were initially enrolled and followed up for a mean period of 154.1 days. CSBHT was prescribed to 36 patients, while one patient received either CSBHT or HGYGT, or both, throughout the entire period. During the herbal preparation treatment period, no statistically significant changes were observed in the 6-MWT. The CAT score (mean ± standard deviation) changed from 17.0 ± 5.0 to 12.5 ± 3.6, and the visual analogue scale score for dyspnea changed from 47.5 ± 18.9 to 28.4 ± 18.6 (both statistically significant from visit 5). The coronavirus disease 2019 pandemic precluded the PFT. SGRQ and mMRC scores did not change significantly. During the study period, seven patients dropped out, two experienced mild dyspepsia, and one experienced mild headache. No serious adverse effects were observed.Conclusion: We illustrated the therapeutic potential of CSBHT and provided preliminary clinical data on its efficacy and safety in patients with COPD. Our study highlights the need to derive optimal herbal formulations, which should be administered for an appropriate duration, based on the therapeutic goals for the treatment of COPD.Keywords: cheongsangboha-tang, chronic obstructive pulmonary disease, dyspnea, herbal preparation, prospective observational study, respiratory disease, Qing Shang Bu Xia Tang, proof-of-concept study
1 INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is characterized by persistent respiratory symptoms and airflow obstruction (Global Initiative for Chronic Obstructive Lung Disease, 2023). COPD patients exhibit abnormal inflammatory responses to inhaled toxic particles and gases. These responses recurrently affects the bronchi, bronchioles, or alveoli in genetically predisposed individuals, resulting in progressive damage to the airways, lung parenchyma, and vascular structures (Hogg and Timens, 2009). Major clinical features of COPD, such as dyspnea and cough, and the vulnerability to exacerbations cause substantial limitations in daily activities, as well as significant morbidity (Miravitlles and Ribera, 2017). Additionally, patients with COPD often present with multiple comorbidities, including diseases such as cardiovascular diseases, lung cancer, anxiety, or depression, influencing the prognosis and overall condition of affected individuals (Cavaillès et al., 2013).
COPD has a high prevalence globally. A study published in 2015 reported an increase in the prevalence of COPD in individuals aged 30 and over, from 10.7% in 1990 to 384 million cases by 2010, marking a 68.9% surge (Adeloye et al., 2015). In 2015, COPD was the third leading cause of death worldwide, claiming the lives of 3.2 million patients annually (Wang et al., 2016). In 2016, the 1-year mortality rate was reported as 21% and the 5-year mortality rate as 55%, with annual direct costs of $18 billion in the United States alone (López-Campos et al., 2016). A population-based survey conducted across 12 countries, also published in 2016, indicated that the indirect costs of COPD, because of work limitations due to COPD symptoms or related multiple comorbidities, significantly exceeded the direct costs (Foo et al., 2016; Iheanacho et al., 2020).
Bronchodilators, such as beta-2 agonists and anticholinergics, used to attenuate airflow limitation in stable conditions, anti-inflammatory agents, including inhaled corticosteroids, and antibiotics, for preventing and managing exacerbations, are the standard pharmacotherapies for COPD (Global Initiative for Chronic Obstructive Lung Disease, 2023). However, these therapies have some limitations that need to be addressed. Current pharmacotherapy has been shown to be effective for symptomatic relief in COPD patients, but disease-modifying therapy has not yet been identified (Brandsma et al., 2020). Moreover, pharmacological treatments alone often fall short in improving symptoms. Therefore, the GOLD guidelines recommend a multifaceted treatment approach (Global Initiative for Chronic Obstructive Lung Disease, 2023). The therapeutic goals for COPD include alleviating symptoms, enhancing exercise capacity, and improving quality of life. Consequently, interest in treatments other than standard pharmacotherapy that can improve the quality of life through symptom management without adverse effects is currently increasing.
Traditional herbal preparations have been clinically utilized for COPD treatment and management (Rahman et al., 2022). The number of randomized controlled trials (RCTs) validating the effectiveness and safety of traditional herbal preparation for COPD is increasing, with recent experimental studies confirming their therapeutic potential by exploring active compounds and molecular mechanisms (Feng et al., 2022; Cao et al., 2023). At Kyung Hee University Korean Medicine Hospital (KHMH), alongside standard pharmacotherapy, patients with COPD are treated with Cheongsangboha-tang (CSBHT; Qing Shang Bu Xia Tang) and Hyunggaeyeongyo-tang (HGYGT; Jing Jie Lian Qiao Tang), based on clinical symptoms, co-occurrence of conditions, such as rhinitis or asthma, and syndrome differentiation.
Modified CSBHT has been shown to attenuate the hazardous effects of lung inflammation in COPD-like mouse models, indicating its potential use in COPD (Lee H. et al., 2012; Jung et al., 2013). Furthermore, retrospective studies administering CSBHT to patients with chronic respiratory diseases have noted improvements in lung function as well as significant reductions in IgE levels (Bang et al., 2011; Baek et al., 2016a). Retrospective studies on modified HGYGT in patients presenting with cough as their chief complaint have demonstrated improvements in the clinical symptom scores for cough and sputum (Baek et al., 2016b).
Further investigation into the effects of CSBHT and HGYGT on COPD is necessary. However, clinical data regarding appropriate dosage, treatment duration, effectiveness, concomitant medication, adherence, and side effects are currently insufficient but essential for developing protocols for controlled clinical trials. A single-arm, uncontrolled prospective observational study can provide data on safety, efficacy, and future controlled study design (Wang et al., 2024). Therefore, this prospective observational study was conducted in patients with COPD undergoing standard pharmacotherapy in conjunction with CSBHT or HGYGT, to evaluate the clinical response to and safety of these adjunctive herbal preparations, gather basic data, and assess the feasibility of future research protocols.
2 METHODS
2.1 Study design and approval
2.1.1 Study design
We conducted a 6-month, prospective, observational, proof-of-concept study on patients with COPD who had already received standard medical treatment at KHMH and were prescribed adjunctive HGYGT or CSBHT according to the KHMH COPD clinical practice protocol. This study aimed to evaluate the effectiveness (clinical response), safety, adherence, and dropout rates. The patient visits and evaluations followed the KHMH clinical practice protocol. Patients for whom HGYGT or CSBHT was not indicated were prescribed alternative herbal preparations and were excluded from this study.
2.1.2 Ethics approval and protocol registration
The study protocol was approved by the institutional review board of KHMH (approval no.: KOMCIRB-2020–12–005–002; approval date: 30 March 2021) and was registered at cris.nih.go.kr (KCT0006716). Written informed consent was obtained from all participants in accordance with the tenets of the Declaration of Helsinki.
2.2 Participants
2.2.1 Participant recruitment
Participants for this observational study were recruited from among patients with COPD who visited the outpatient clinic at KHMH and who commenced herbal treatment after the study began.
2.2.2 Eligibility criteria
Participants who met the following criteria were included: Adults aged 40–80 years; prescription of HGYGT or CSBHT for treating COPD at KHMH; meeting the clinical diagnostic criteria for COPD (FEV1/FVC <0.70 on spirometry according to the Global Initiative for Chronic Obstructive Lung Disease [GOLD] standard (Global Initiative for Chronic Obstructive Lung Disease - GOLD, 2020)); voluntary written consent to participate in the study.
We excluded the following individuals: Participants for whom herbal preparation treatment was deemed not indicated based on the attending physician’s clinical judgement; those who had received Korean medical treatment for respiratory diseases at another Korean medical institution within the last 30 days; pregnant or nursing women.
Patients’ participation was also terminated in the following cases: If a participant withdrew consent for participation; if a participant did not meet the inclusion criteria or met the exclusion criteria; if the patient did not receive HGYGT or CSBHT for a period exceeding 6 months, even if written consent was provided and eligibility criteria were met; and if the patient refused to participate during the course of the study.
2.2.3 Sample size calculation
This was an observational study designed to determine the sample size for a subsequent RCT, verify feasibility, and gather information on the regimen required for observational research; therefore, sample size calculation was not necessary. However, based on research that suggested a minimum of 12 participants per group for preliminary clinical trials, we planned to recruit more than 12 participants (Julious, 2005). Taking into account a minimum follow-up (f/u) period of 6-months and the monthly number of newly registered COPD patients at KHMH, we calculated the maximum number of study subjects to be 30.
2.3 Interventions
2.3.1 Standard medical treatment
Participants were treated with standard medical treatment according to the COPD Clinical Practice Guidelines of the Korean Academy of Tuberculosis and Respiratory Diseases, revised in 2018 (Park et al., 2018). Changes in treatment were monitored and recorded monthly in case-report forms. All other medications were recorded as concomitantly used drugs.
2.3.2 Adjuvant herbal preparation treatment
The formulations for HGYGT and CSBHT are presented in Table 1. The names of the botanical drugs in HGYGT and CSBHT were denoted by scientific names based on the Medicinal Plant Names Services database (https://mpns.science.kew.org/mpns-portal/) as of 1 August 2024. Licensed Korean Medicine practitioners prescribed and administered HGYGT and CSBHT to the participants.
TABLE 1 | Botanical drugs in Hyunggaeyeongyo-tang (HGYGT) and Cheongsangboha-tang (CSBHT) and their doses for single administration.
[image: Table displaying a list of scientific names with botanical drug names, corresponding Chinese names, Pinyin names, and single doses in grams for two formulas: Hyugyaeogyeo-tang (HGYGT) and Cheongshang-bo-tang (CSBHT). Each row lists a specific herb with its details, organized in columns.]We used HGYGT in the form of an extract powder manufactured according to the herbal standards and quality control guidelines for herbal preparations in The Korean Herbal Pharmacopoeia by Hankookshinyak Corp. in South Korea and marketed as an over-the-counter drug (Korea Drug Code 200002258) (Ministry of Food and Drug Safety, 2024). CSBHT was an extract powder prepared by Kyung Hee University Korean Medicine Hospital, following the standards of the Korean Herbal Pharmacopoeia for herbal drug specifications and the manufacturing and quality control guidelines for herbal (botanical) preparations. CSBHT was prepared as follows: Extraction: The botanical drugs were combined in the following specified ratios; Rehmanniae Radix Preparata (8,800 g), Dioscoreae Rhizoma (6,600 g), Corni Fructus (6,600 g), Moutan Radicis Cortex (4,400 g), Poria Sclerotium (4,400 g), Alismatis Rhizoma (4,400 g), Ponciri Fructus Immaturus (3,300 g), Coptidis Rhizoma (3,300 g), Trichosanthis Semen (3,300 g), Scutellariae Radix (3,300 g), Schisandrae Fructus (3,300 g), Liriopis seu Ophiopogonis Tuber (3,300 g), Asparagi Tuber (3,300 g), Fritillariae Thunbergii Bulbus (3,300 g), Platycodonis Radix (3,300 g), Armeniacae Semen (3,300 g), Pinelliae Tuber (3,300 g), Glycyrrhizae Radix et Rhizoma (2,200 g). These were placed in an extraction tank with approximately 500 L of purified water, heated to 80°C–90°C, and maintained at this temperature for 90 min; Filtration: Immediately after extraction, a high-speed centrifugal filter (20,000–30,000 rpm) was used to separate solids from the liquid; Concentration: Excipients (3500 g dextrin, 2000g lactose) were dissolved in the filtered extract, and then concentrated at a low temperature (56°C–60°C) using a thin film evaporator under reduced pressure; Spray drying: The concentrated solution was dried using a spray dryer; Granulation: A binder [10% Povidone (PVP, Kollidon®30) in 90% ethanol] was added to the dried extract and granulated using a wet granulator; Sieving: The granules were sieved using a 1.7mm mesh, then centrifuged to obtain the final granules; Packaging: An automatic packaging machine was used to pack 3 g per packet, producing approximately 9,000 packets. All botanical drugs used in the study complied with CITES regulations and underwent quality inspections, including sensory, hazardous substance, and precision testing by the Ministry of Food and Drug Safety of South Korea, ensuring their import and distribution quality. The formulation used in this study was based on traditional knowledge disseminated throughout East Asia centuries ago and is not subject to the Nagoya Protocol.
2.3.3 Concomitant Korean medical treatments
Patients taking other herbal preparations or undergoing other Korean medical treatments (acupuncture, moxibustion, etc.) for respiratory diseases met the exclusion criteria. However, because this was an observational study, the use of other Korean or conventional medical treatments initiated after the start of the study was not restricted, and any such treatments were recorded in the case report forms every month.
2.4 Clinical assessment
The detailed schedule of the study is presented in Table 2.
TABLE 2 | Schedule of the study.
[image: Table detailing a study timeline with visits from baseline to six months. Categories include Enrollment (eligibility screening, consent, etc.), Intervention (herbal prescription), and Assessment (6-MWT, PFT, CAT, etc.). Each category lists specific items with dots indicating when they occur across visits.]2.4.1 Clinical outcomes assessment
The 6-min walk distance (6-MWD), oxygen saturation, and the modified Borg scale for breathlessness of the 6-min walk test (6-MWT) were determined as the primary outcome, considering the multifaceted nature of CSBHT and HGYGT, which can affect various bodily functions beyond the respiratory system, as the 6-MWT comprehensively assesses not only respiratory function but also cardiac function, physical fitness, and psychological factors (ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories, 2002; Corlateanu et al., 2021). Secondary outcomes were the results of the pulmonary function test (PFT) (Graham et al., 2019), the Korean version of the Chronic Obstructive Pulmonary Disease Assessment Test (CAT) (Jones et al., 2009; Lee et al., 2010), St. George’s Respiratory Questionnaire (SGRQ) (Jones et al., 1992), modified Medical Research Council (mMRC) questionnaire (Kim et al., 2013), visual analogue scale (VAS) for dyspnea (Mador and Kufel, 1992), and the frequency of exacerbations. Details of the meaning and significance of each metric, measurement methods, interpretation of scores, and minimal clinically important difference (MCID) are described in Supplementary one in Additional file.
2.4.2 Safety assessment
Adverse events were assessed according to the Common Terminology Criteria for Adverse Events version 5.0 (Freites-Martinez et al., 2021). When an adverse event occurred, the causality with the observational study was evaluated according to the World Health Organization–Uppsala Monitoring Centre criteria (Son et al., 2008). Detailed criteria for assessing safety are provided in Additional file 1.
2.4.3 Syndrome differentiation assessment for COPD
The syndrome differentiation type for each patient was determined using the Syndrome Differentiation Tool for COPD, which considers seven syndrome types: wind–cold (風寒), phlegm turbidity (痰濁), lung heat (肺熱), lung deficiency (肺虛), spleen deficiency (脾虛), kidney yin deficiency (腎陰虛), and kidney yang deficiency (腎陽虛) (Lee B.-J. et al., 2012). The layered alluvial plot of syndrome differentiation change was made using the ggalluvial package in RStudio (v.2023.06.0, Posit team. RStudio: Integrated Development Environment for R. Posit Software, PBC, Boston, MA) (Brunson, 2020). Detailed criteria for syndrome differentiation assessment for COPD are described in Additional file 1.
2.4.4 Adherence and feasibility
Dropout rates and adherence to prescribed medication regimens were recorded every month.
2.5 Statistical analysis
Descriptive analyses were conducted on the baseline characteristics of the study participants. Categorical variables are presented as frequency with percentage (%), and continuous variables as mean with standard deviation (mean ± SD). Values of the clinical outcome variables measured at each visit time are presented as mean ± SD and median with interquartile range. Changes in the outcome variables were measured by comparing baseline values to those at each subsequent time point. Paired t-tests were conducted for continuous variables if the data were normally distributed; otherwise, the Wilcoxon signed-rank test was used. To examine normality of data distribution, both a histogram and the Shapiro–Wilk test were used. Due to the exploratory nature of this study, the issue of multiple tests was not considered.
A sensitivity analysis was conducted by imputing missing values using the last observation carried forward (LOCF) method, which substitutes missing values with the last available measurement.
Safety evaluations were performed for all adverse events that occurred during the treatment period. The incidence rates of adverse events, adverse events that led to dropout, and serious adverse events were summarized by treatment group. The incidence rate of adverse events is presented for all adverse events and those related to the investigational medicines used in the observational study.
Statistical significance in all analyses was determined using a p-value threshold of less than 0.05. Multiple testing corrections were not applied as this was an exploratory observational study. Visualization of data distribution and changes in clinical outcomes was conducted using the ggplot2 package in RStudio.
3 RESULTS
3.1 Study participants and baseline characteristics
Thirty-seven patients with COPD were screened. All these patients were eligible and enrolled in this study (Figure 1). The baseline characteristics of all patients, those who were followed up for the entire treatment period, and those who dropped out are presented in Table 3. The 37 patients were included at Visit 1 (baseline). All included patients were Asian. Of these, 30 were male, with an average age of 69.5 years. The mean body mass index (BMI) was 25.0 kg/m2. Among the patients, 19 were never-smokers, eight were current smokers, and nine were former smokers. Additionally, 32 patients reported no alcohol consumption. The average post-bronchodilator FEV1% predicted was 56.1%, with most patients (n = 23) in GOLD stage 2, followed by 11 patients in GOLD stage 3. Twenty-four patients had an mMRC at Visit one of 0–1. Thirty-six patients had a CAT score of 10 or higher at Visit 1. All but two patients were using bronchodilator inhalers.
[image: Flowchart illustrating a study process. Thirty-seven participants were assessed for eligibility, with none excluded. All thirty-seven were enrolled. Thirty-six were in the CSBHT group, with thirty-five completing the study. One participant was in the CSBHT and/or HGYGT group and completed the study. The left side labels the study phases: Screening, Enrollment, Baseline, and Follow-up.]FIGURE 1 | Study flow chart. CSBHT, Cheongsangboha-tang; HGYGT, Hyunggaeyeongyo-tang.
TABLE 3 | Baseline characteristics of study participants.
[image: A table displays baseline, follow-up, and dropout statistics for 37 patients over an average of 154.1, 185.2, and 20.9 days, respectively. The data includes categories such as sex, age, BMI, smoking, alcohol use, pulmonary function tests, mMRC, CAT score, comorbidities, and medication use. Key details are patient distribution across factors like sex (81.1% male), age range (primarily 61-80), and BMI categories. Smoking status shows 51% never smoked, and notable medication use includes 45.9% using LABA + LAMA. Data includes percentages and mean ± standard deviation, with abbreviations explained at the bottom.]3.2 Follow up period and herbal preparation treatment
Of the 37 enrolled patients, 30 completed the study, while seven patients refused to participate in the study and dropped out after enrollment. Among the dropouts, two experienced mild dyspepsia and one experienced a mild headache, leading to the cessation of their participation and medication intake.
The follow-up period was 154.1 ± 68.4 days for the 37 patients overall, and more specifically, 185.2 ± 17.2 days for the 30 patients who completed the study, and 20.9 ± 33.2 days for the seven patients who dropped out. The number of patients who remained after excluding dropouts at each visit is shown in Table 4.
TABLE 4 | Course of clinical treatment outcomes at each visit (mean ± SD).
[image: A table displays data from visits 1 to 7 for studies on patients, including the number of patients, follow-up period, 6-minute walking test (6-MWT), chronic obstructive pulmonary disease assessment test (CAT), St. George’s Respiratory Questionnaire (SGRQ), modified Medical Research Council (mMRC) scale, and Visual Analog Scale (VAS) for dyspnea. Data include means and standard deviations for multiple metrics, such as distance in meters, oxygen saturation, and various component scores. A footnote explains the exclusion of patients who dropped out.]CSBHT was administered to all but one patient throughout the study period. For this patient, CSBHT was given at Visits one and 2, HGYGT at Visit 3, CSBHT again at Visits 4 and 5, and both CSBHT and HGYGT at Visit 6. No prescription was provided at Visit 7. No other traditional Korean or conventional medical treatments were used during the treatment period.
3.3 Treatment response
Each assessment measure, obtained at each visit, is presented with the mean ± SD in Table 4, and the median with interquartile range in Supplementary Table S1 in Additional file 1. Table 5 presents the results of the paired t-test, while Supplementary Table S2 in Additional file one shows the Wilcoxon signed-rank test results. Values satisfying normality are marked with annotation symbols. The changes in data distribution density over time for each outcome measure are shown in Figure 2 for the 6-MWD, CAT score, SGRQ total score, and VAS score for dyspnea, and in Supplementary Figure S1 for every outcome measure.
TABLE 5 | Results of the paired t-test for changes in clinical outcomes at each visit time, compared to Visit 1 (baseline).
[image: Table showing mean differences with 95% confidence intervals across visits for 6-MWT, CAT, and SGRQ components. Categories include distance, oxygen saturation, modified Borg scale, CAT items, SGRQ total, symptom, activity, and impact components, mMRC, and VAS for dyspnea. Asterisk marks statistically significant changes at certain visits.][image: Four overlapping distribution graphs labeled A to D. (A) 6MWD compares two datasets with red and blue areas. (B) CAT total score shows overlapping red and blue peaks. (C) SGRQ total score with distinct peaks in red and blue. (D) VAS for dyspnea with wide overlapping areas in red and blue. Each graph visually distinguishes two datasets using colors.]FIGURE 2 | Changes in the data distribution in clinical outcomes from Visit 1 (blue) to Visit 7 (red). (A), 6-MWD; (B), CAT total score; (C), SGRQ total score; (D), VAS score for dyspnea. The density of the clinical outcome data distribution at Visit one was visualized for data of all patients included in the baseline, regardless of dropout status. 6-MWD, 6-min walking distance; CAT, chronic obstructive pulmonary disease assessment test; SGRQ, St. George’s Respiratory Questionnaire; VAS, visual analog scale.
3.3.1 Primary outcome
From Visit one to Visit 7, the 6-MWD, the primary outcome of the study, changed from 362.7 ± 100.5 m to 369.6 ± 68.2 m, with no statistically significant difference observed.
3.3.2 Secondary outcomes
3.3.2.1 PFT
All patients underwent PFT at Visit 1. Due to the coronavirus disease 2019 pandemic, many patients were reluctant to undergo the planned PFTs at Visits 4 and 7; only 4 patients completed the PFT at Visit 4 and 14 patients at Visit 7. Only one patient completed all the planned PFTs.
3.3.2.2 Oxygen saturation and modified borg scale after 6-MWT
Oxygen saturation changed from 94.2% ± 3.3% to 94.9% ± 3.2%, and the modified Borg scale from 3.3 ± 2.0 to 2.7 ± 1.8. No statistically significant differences were observed for any of the items.
3.3.2.3 CAT score
Changes in the CAT scores are presented in Figure 3. From Visit one to Visit 7, the CAT total score changed from 17.0 ± 5.0 to 12.5 ± 3.6. The changes in scores from Visit 1, excluding Visit 6, satisfied a normal distribution. The average change was −4.1 (95% CI, −5.5 to −2.7) at Visit 7, with statistical significance in the change observed continuously after Visit 5. Twenty-four patients demonstrated a decrease of >2 points in their CAT scores from Visit one to Visit 7, thus achieving the MCID (Kon et al., 2014).
[image: Box plot with connected scatter lines showing TAS score over time. Time points include Baseline, ANC, five days, one month, six months, nine months, and 18 months. Each time point has a box plot, and colorful lines connect individual data points across time. The y-axis represents the TAS score.]FIGURE 3 | Line graph showing changes in Chronic Obstructive Pulmonary Disease Assessment Test (CAT) scores for each patient at each time point. Median and interquartile range of the CAT scores are displayed using boxplots.
During the treatment period, changes in the individual CAT items did not satisfy normality assumptions. Results from the Wilcoxon signed-rank test indicated that the changes in individual items of the CAT, specifically items 3 (chest tightness), 5 (limitation of indoor activities), and 6 (confidence in leaving home), were statistically significant after treatment. Statistical significance in the change of these items was consistently achieved, starting at Visit 2 for item 3, Visit 5 for item 5, and Visit 4 for item 6.
3.3.2.4 SGRQ
From Visit one to Visit 7, the SGRQ total score changed from 21.2 ± 9.2 to 20.7 ± 6.5, the symptom component from 32.4 ± 10.5 to 31.1 ± 7.9, and the activity component from 34.3 ± 15.6 to 34.5 ± 12.1, with no statistically significant changes observed.
3.3.2.5 mMRC
From Visit one to Visit 7, the mMRC scale remained unchanged at 1.4 ± 0.9, with no statistically significant changes observed.
3.3.2.6 VAS for dyspnea
The change in the VAS score for dyspnea from Visit one to Visit 7 is shown in Figure 4. During the treatment period, the changes in the VAS score for dyspnea from Visit one to each subsequent visit met the criteria for normal distribution, except for Visit 3. From Visit one to Visit 7, the VAS score for dyspnea changed significantly from 47.5 ± 18.9 to 28.4 ± 18.6. Changes were statistically significant from Visit 5. Twenty-three patients experienced a decrease of more than 10 points in their VAS score for dyspnea from Visit one to Visit 7, thus achieving an MCID (Ries, 2005).
[image: Box plot chart depicting "VAS by Time" with categories: baseline, week twenty, week sixty, week one hundred and twenty, week one hundred and sixty. Colored lines indicate individual data points and variability over time.]FIGURE 4 | Line graph showing changes in the visual analogue scale (VAS) score for dyspnea for each patient at each time point. Median and interquartile range of the VAS scores for dyspnea are displayed using boxplots.
3.3.2.7 Sensitivity analysis of CAT score and VAS for dyspnea with LOCF method
After imputing missing values using the LOCF method, changes over time in the CAT and VAS scores for dyspnea are presented in Table 6. Compared to Visit 1, at visit 7, the CAT score decreased by an average of 3.5 points, and the VAS score for dyspnea decreased by an average of 16.5 points, both of which remained statistically significant. The changes in both CAT and VAS scores for dyspnea were consistently statistically significant after Visit 5.
TABLE 6 | Results of the paired t-tests for changes in CAT score and VAS score for dyspnea at each visit time, compared to Visit 1, utilizing the Last Observation Carried Forward imputation method to address missing data.
[image: Table displaying mean differences with 95% confidence intervals for CAT total score and VAS for dyspnea across Visits 2 to 7. Statistically significant values (p < 0.05) are noted for some visits. The CAT score ranges from -0.3 to -3.5, and VAS scores range from -0.9 to -16.5. CAT is chronic obstructive pulmonary disease assessment test; VAS is visual analogue scale.]3.3.2.8 Frequency of COPD exacerbation
None of the patients experienced exacerbations during the treatment period.
3.3.2.9 Syndrome differentiation assessment
Changes in syndrome differentiation during the treatment period are shown in Figure 5. Each patient was classified into one to three of the seven possible syndrome types. At Visit 1, 12 patients were classified as having spleen deficiency, 11 as having lung deficiency, and nine as having phlegm turbidity. At Visit 7, 10 patients were classified as having spleen deficiency, nine had lung deficiency and kidney yang deficiency. From Visits one to 7, the number of patients classified as having phlegm turbidity showed the most significant decrease, from nine to four.
[image: Sankey diagram showing the flow of colors between two columns labeled "Causal Verb" and "Effect Verb". Each rectangle represents different verbs connected by colorful bands, illustrating relationships.]FIGURE 5 | Alluvial graph showing changes in patients’ syndrome differentiation type from Visit one to Visit 7. An alluvial graph was drawn with exclusion of the patients who dropped out of the study. Patients were categorized into one of three syndrome differentiation types at each time point. The graph column for Visit one consisted of 45 syndrome differentiation data points from 30 patients. The column for Visit 7 comprised 39 syndrome differentiation data points from 30 patients.
3.3.2.10 Safety assessment
During the course of the study, among the patients administered CSBHT, two instances of grade 1 dyspepsia, and one instance of grade 1 headache occurred, leading all three patients to discontinue their medication and study participation (Supplementary Table S3 in Additional file 1). The symptoms resolved after discontinuation of medication. No serious adverse events related to the medications used in this study were observed. No significant changes were observed in liver and kidney function or in hematological test results during the treatment period.
4 DISCUSSION
4.1 Summary of findings
We observed the treatment response to CSBHT in patients with COPD over an average of 6 months in a prospective, proof-of-concept study. Thirty-seven patients were included at baseline, of whom 30 completed the study. CSBHT was administered to all patients except one, who received either CSBHT, HGYGT, or both at different visits. At Visit 7, significant improvements were observed, with the CAT score decreasing from an average of 17.0 to 12.5, and the VAS score for dyspnea decreasing from 47.5 to 28.4. Even after imputing missing values due to patient drop-out, using the LOCF method, the mean difference decreased slightly, yet statistical significance was consistently observed from Visit 5 onwards. No significant changes were observed in the 6-MWT, SGRQ, or mMRC scores. No exacerbations or serious adverse events occurred during treatment. Additionally, changes in syndrome differentiation were noted before and after treatment.
4.2 Therapeutic potential of CSBHT for respiratory diseases, including COPD
CSBHT has primarily been used for respiratory diseases, such as chronic cough and asthma, particularly when accompanied by chronic inflammatory phlegm, in clinical practice in East Asian traditional medicine (EATM) (Baek et al., 2016b). The formulation of CSBHT is focused on phlegm-dispelling (祛痰) and moistening the airways (滋陰潤肺), making it particularly suitable for treating various chronic respiratory diseases, especially those assessed as deficiency patterns (虛證) (Kang et al., 2022). Studies have been conducted on modified CSBHT, which have demonstrated its ability to attenuate the accumulation of immune cells in the bronchoalveolar lavage fluid (BALF) significantly in a mouse model of lipopolysaccharide-induced lung neutrophilia (Lee H. et al., 2012). Additionally, modified CSBHT inhibited immune cell infiltration into the airways and decreased interleukin-6, tumor necrosis factor-α, and monocyte chemoattractant protein-1 levels in BALF in a mouse model of cigarette smoke-induced lung inflammation (Jung et al., 2013). The antitussive, expectorant, anti-inflammatory, antioxidant, and anti-asthmatic effects of the individual botanical drugs in CSBHT on respiratory diseases have been also explored (Lee et al., 2005; 2019; Quan et al., 2021; Wei et al., 2023).
4.3 Dyspnea as a potential therapeutic target of CSBHT in patients with COPD
In this study, significant improvements were observed in the CAT and VAS scores for dyspnea in patients with COPD, over an average treatment period of 6 months, whereas no significant changes were noted in the 6-MWT, mMRC, and SGRQ scores. In an observational study conducted in South Korea, Lyu et al. administered adjuvant traditional Korean medical therapy, including Palmijihwang-tang (PMJHT) and acupuncture, alongside conventional medicine, to ten patients with COPD. After 12 weeks, significant improvements were reported, with the mMRC decreasing from an average of 1.60 to 0.89, the total SGRQ score decreasing from 42.87 to 35.25, and the SGRQ impact component decreasing from 24.67 to 16.51, while no significant difference was observed in the CAT score (Lyu et al., 2022).
In this study, CSBHT has been shown to affect certain aspects of dyspnea in patients with COPD, although no significant improvements have been observed in exertional dyspnea, indicating that CSBHT holds particular therapeutic potential in COPD treatment (Sigurgeirsdottir et al., 2019). Dyspnea is the most commonly experienced subjective symptom among COPD patients and is associated with anxiety and fear of breathlessness, significantly affecting patients’ quality of life. Dyspnea has been identified to possess four different somatic descriptors of breathlessness: 1) a perceived sense of increased work of effort; 2) a sense of chest tightness; 3) air hunger or an uncomfortable urge to breathe; and 4) unsatisfied inspiration (O’Donnell et al., 2007). However, standardized dyspnea assessment tools evaluate different aspects of dyspnea, which highlights that appropriate assessment tools should be used, depending on the therapeutic and research objectives (Meek, 2004; Ong, 2021). Contrary to the findings of Lyu et al., this study observed no significant changes in the mMRC and modified Borg scale; nevertheless, significant improvements were found in the VAS score for dyspnea and the CAT score, particularly for the item assessing chest tightness. This may be because, compared with the participants in the study by Lyu et al., this study had a high proportion of patients with accompanying cardiovascular disease, which might additionally influence dyspnea. Furthermore, CSBHT used in this study may have affected specific aspects of dyspnea through mechanisms different from those of PMJHT. Further studies are needed to derive and apply optimal herbal formulations according to the disease state and the therapeutic targets in COPD.
4.4 Sufficient treatment duration of herbal preparation for patients with COPD
Significant improvements in the CAT score and VAS for dyspnea were observed, starting from Visit 5 (mean follow-up period, 122.9 days) in this study. Previous studies on the effects of herbal preparations on COPD have shown that these effects tend to vary with the duration of administration. In a systematic review by Kwon et al., who compared herbal preparation for COPD to a placebo, a subgroup analysis based on treatment duration found that even administration lasting less than 2 weeks could improve pulmonary function and 6-MWD in cases of acute exacerbation of COPD. Among the ten studies of stable and unclear COPD, all but one study with treatment durations less than 2 months showed no significant improvement. In contrast, two studies with treatment periods exceeding 3 months reported significant improvements. An observational study by Lyu et al. also found no significant changes at 4 and 8 weeks in 10 patients with COPD treated with PMJHT; however, significant improvements in the mMRC and SGRQ scores were observed at 12 weeks. Additionally, a retrospective study by Baek et al., which analyzed the effects of CSBHT in patients with chronic respiratory diseases, including COPD, found a significant decrease in eosinophil levels in patients treated for more than 3 months. These results collectively suggested that, while acute exacerbations may improve with relatively short periods of herbal preparation treatment, stable COPD may require a treatment duration of at least 3 months. This finding was consistent with the results of this study.
4.5 Optimal treatment strategy considering changes in syndrome differentiation of COPD during CSBHT treatment
In this study, after excluding patients who had dropped out, the predominant syndrome types at baseline were splenic deficiency, pulmonary deficiency, and phlegm turbidity. However, during the CSBHT treatment period, some patients experienced changes in their syndrome differentiation, such that spleen deficiency, pulmonary deficiency, and kidney yang deficiency accounted for the majority of syndromes by Visit 7. Syndrome differentiation is a method used in EATM that seeks to stratify patients with COPD further according to EATM-specific procedures, by acquiring, analyzing, and integrating clinical information to determine the therapeutic strategy and corresponding modality of interventions, in order to optimize treatment efficacy (Jiang et al., 2012). EATM’s syndrome differentiation not only focuses on organs directly associated with a specific disease but also considers interrelationships among other organs in diagnosis and treatment. This approach aligns with EATM’s multifaceted perspective on disease. This study observed a decrease in the syndrome type of phlegm turbidity and an increase in the number of patients with kidney yang deficiency after CSBHT, which indicates changes in patient syndrome types. Such changes in syndrome differentiation serve as the basis for modifying primary therapeutic goals and prescriptions. The unique approach of EATM, which uses different therapeutic goals, strategies, and prescriptions based on the varying symptoms and signs following specific patterns in each patient, allows for the development of flexible treatment strategies. This approach not only offers an alternative for non-responders to standard treatments or for whom standard treatment is challenging due to multi-comorbidity, but can also be actively used to prevent COPD progression from precursor conditions (Han et al., 2021). To achieve this, extensive research into the distribution of syndrome types across various stages and pathophysiological changes before and after COPD diagnosis is needed, to allow identification of the optimal herbal formulation that exhibits the maximum effect for each stage and pathology.
4.6 Strengths and limitations
This study has several strengths. It prospectively observed patients over a relatively long period of 6 months of CSBHT administration. Although previous prospective observational studies have evaluated the effects of herbal preparation on COPD, they were conducted over a 12-week period, whereas this study extended the observation to 6 months, suggesting the need for further research on the optimal duration of herbal preparation administration for cases of stable COPD. Additionally, we utilized quantitative tools, such as the 6-MWT, mMRC score, CAT score, VAS score for dyspnea, and SGRQ score, to evaluate the effects of CSBHT on COPD comprehensively, and employed a Syndrome Differentiation Questionnaire to assess and monitor changes in patients’ subtypes quantitatively from the perspective of traditional medicine.
However, this study had several limitations. Being an observational study without a control group, it is challenging to differentiate whether the observed effects are due to the administered medication, external factors, or coincidence, and the relatively small number of included patients increases the potential for bias. Hence, an RCT is warranted to evaluate the effects of CSBHT on COPD. Additionally, in this study, a large number of patients had indications for CSBHT, allowing for a focused examination of the response of COPD patients to CSBHT. However, research on HGYGT was not feasible based on our cohort, given that HGYGT is primarily prescribed to younger patients with prominent inflammatory symptoms, while almost none of the patients presenting at our clinic met these criteria. This situation was worsened during the COVID-19 pandemic. Furthermore, PFT measurements were not conducted as planned, due to the COVID-19 pandemic; consequently, further research is needed to address this gap. Furthermore, while we used the mMRC scale for dyspnea assessment, future studies should consider the Baseline Dyspnea Index for its multidimensional evaluation or the Transitional Dyspnea Index for its higher sensitivity to changes.
5 CONCLUSION
In this study, CSBHT was administered to patients with COPD for approximately 6 months, and significant improvements in the CAT score and VAS score for dyspnea were observed from around the 4-month time-point, suggesting the potential effects of CSBHT on certain aspects of dyspnea in patients with COPD. Additionally, we confirmed that this herbal preparation treatment was relatively safe, as no significant adverse events were observed during therapy. However, because changes in residual symptoms and syndrome differentiation were observed during the course of treatment, adjustments to the therapeutic prescription may be required as the treatment progresses, indicating the need for further research. Our findings also highlight the need to apply appropriate outcome measures with optimal herbal formulations and treatment durations when assessing the efficacy of herbal preparations for COPD; this should be considered in subsequent research.
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The gut microbiota offers numerous benefits to the human body, including the promotion of nutrient absorption, participation in metabolic processes, and enhancement of immune function. Recent studies have introduced the concept of the gut-organ axis, which encompasses interactions such as the gut-brain axis, gut-liver axis, and gut-lung axis. This concept underscores the complex interplay between gut microbiota and various organs and tissues, including the brain, heart, lungs, liver, kidneys, muscles, and bones. Growing evidence indicates that gut microbiota can influence the onset and progression of multi-organ system diseases through their effects on the gut-organ axis. Traditional Chinese medicine has demonstrated significant efficacy in regulating the gastrointestinal system, leveraging its unique advantages. Considerable advancements have been made in understanding the role of gut microbiota and the gut-organ axis within the mechanisms of action of traditional Chinese medicine. This review aims to elucidate the roles of gut microbiota and the gut-organ axis in human health, explore the potential connections between traditional Chinese medicine and gut microbiota, and examine the therapeutic effects of traditional Chinese medicine on the microbiota-gut-organ axis. Furthermore, the review addresses the limitations and challenges present in current research while proposing potential directions for future investigations in this area.
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1 INTRODUCTION
In recent years, with the deepening understanding of the important role of the gut microbiota (GM) in health and disease, the interaction between traditional Chinese medicine (TCM) and the GM has become a hot research topic. The GM is considered the second genome of the human body and plays a key role in maintaining physiological balance, regulating the immune system, metabolism, and neurological function (Cui et al., 2023; Wei et al., 2024). As a treatment system with a long history, TCM emphasizes the overall concept and individual differences in its theoretical basis, and has the potential to regulate the GM, which provides new ideas for modern medicine. Research shows that active ingredients in TCM can interact with the GM through multiple mechanisms (Gong et al., 2020). For example, TCM ingredients can regulate the composition and function of GM and restore intestinal microecological balance, thereby improving intestinal barrier function and immune response (Yang et al., 2022). In addition, the multi-target and multi-pathway regulatory properties of TCM give it unique advantages in the treatment of intestinal-related diseases (such as inflammatory bowel disease, diabetes, obesity, etc.). By regulating the GM, TCM can affect the host metabolism and immune function, thereby regulating systemic health (Yue et al., 2022).
In recent years, an increasing number of studies have focused on the interaction between bioactive metabolites of TCM and the GM. These studies have revealed the potential mechanisms of TCM in regulating the GM, including achieving its therapeutic effects by inhibiting the growth of harmful microorganisms, promoting the reproduction of beneficial microorganisms, and through the interaction of metabolites with host cells (Gong et al., 2020). In addition, the GM not only affects the efficacy of TCM, but also participates in the metabolism of TCM ingredients, affecting their bioavailability and efficacy. Research on TCM is not limited to its regulation of the GM, but also extends to the regulation of the microbiota-gut-organ axis. Current research shows that the GM interacts with multiple organs (such as liver, heart, and brain) through intestinal barrier, neuroendocrine, and immune mechanisms to form a complex regulatory network (Zhao et al., 2021). This regulatory mechanism of the microbiome-gut-X axis provides a new biological basis for the clinical application of TCM and may open up new directions for the integrated application of TCM in modern medicine.
The objective of this review is to examine the interaction between TCM and the GM, with a particular emphasis on its therapeutic potential in regulating the microbiome-gut-X axis. This review will examine the existing literature on the subject and analyse how TCM can improve health status by regulating the GM, with a particular focus on the prevention and treatment of common diseases. In addition, it will discuss future research directions, including the potential of personalized TCM treatments and the use of modern biotechnology to further explore the complex relationship between TCM and the GM.
2 METHODOLOGY AND LITERATURE SEARCH STRATEGY
A comprehensive literature search was conducted across a range of databases, including Elsevier SD, Web of Science, PubMed, and Google Scholar. The search strategy employed a combination of keywords, including “gut microbiota,” “traditional Chinese medicine,” “microbiota-gut-organ,” “gut-brain axis,” “gut-liver axis,” “gut-lung axis,” and “action mechanism.” The results included publications from 2000 to 2024, with a particular focus on recent papers. The objective was to collate data on the correlation between disparate distant organ systems and the GM, as well as the interaction between TCM and GM for systemic health and disease.
3 MECHANISMS OF GUT MICROBIOTA INFLUENCE ON DISTANT ORGAN SYSTEMS
In recent years, the investigation of GM has emerged as a significant topic within the biomedical field. GM are not merely components of the digestive system; they are also believed to play a crucial role in systemic health and disease. An increasing body of evidence indicates that GM interact with distant organs via various pathways, thereby influencing their function and overall health (Figure 1).
[image: Diagram illustrating the role of intestinal flora and its crosstalk with distant organ systems. The left section shows functions like fiber decomposition and immune support. The right section highlights effects on organs and processes such as metabolism and neuroactive molecule generation. Central circle depicts health versus disease states influenced by these interactions.]FIGURE 1 | Gut microbiota function and microbiota-gut-X axis signaling communication pathways.
3.1 The gut microbiota: a key player in health
The composition of the GM is highly intricate, typically comprising around 100 trillion microorganisms from over 1,000 distinct species. Research indicates that the GM of healthy adults is primarily composed of the following bacterial phyla (Hollister et al., 2014; Vijay and Valdes, 2022): Firmicutes, a group of bacteria that dominates the healthy human gut, is closely associated with energy extraction and fat metabolism. Bacteroidetes, on the other hand, are responsible for breaking down complex carbohydrates and promoting nutrient absorption. Additionally, other bacterial phyla, such as Actinobacteria and Proteobacteria, also play vital roles in maintaining intestinal health and function. The composition of the microbiome is influenced by various factors, including genetics, diet, geographical location, age, and medical treatments, which collectively determine the diversity and functionality of individual gut microbes (Panda et al., 2014; Ruan et al., 2020).
The main functions of the GM can be summarized into the following points: 1) Metabolic function (Fan and Pedersen, 2021): GM can decompose dietary fiber and sugars that cannot be digested by the host and convert them into short-chain fatty acids (SCFAs) to provide energy for the host. These SCFAs not only provide energy for intestinal cells, but also have immune-modulating and anti-inflammatory effects. 2) Development and regulation of the immune system (Dupont et al., 2020): The GM is involved in the development and regulation of the host immune system, helping to recognize and defend against pathogens. By interacting with intestinal epithelial cells, microorganisms can influence the activity of immune cells and promote the production of antibacterial proteins, thereby enhancing the host’s resistance to infection. 3) Protective effect (Chen et al., 2024): The microbiome plays a role in protecting the host by competitively excluding pathogenic bacteria, producing antibacterial substances and maintaining intestinal barrier function. This mechanism helps prevent the invasion of pathogenic microorganisms and reduces the risk of intestinal infection. 4) Neural signal transmission (Altamirano et al., 2020): GM interact with the host’s nervous system to affect the synthesis and metabolism of neurotransmitters, thereby affecting mood and behavior. The concept of gut-brain axis has attracted widespread attention, suggesting that the microbiome may play an important role in mental health. 5) Drug metabolism (Fan and Pedersen, 2021): The microbiome also affects drug metabolism and mechanisms of action. For example, certain drugs are metabolized by microbes in the gut, changing their bioavailability and side effects. This discovery provides new perspectives for personalized medicine.
The GM is one of the key factors in maintaining human health. Its complex composition and diverse functions jointly affect the host’s metabolism, immunity and overall health. Although the GM varies greatly among individuals, its functions are relatively conserved. This means that different individuals’ microbiomes may contain different combinations of species, but they may have similar functions such as metabolism and immune regulation (Rinninella et al., 2019). However, the composition of the microbiome is not static and may change due to factors such as diet, environment, drug use, etc., leading to microbial dysbiosis, which is closely related to the occurrence of various diseases, such as inflammatory bowel disease, obesity, diabetes, etc (Hills et al., 2019; Zhang, 2022).
3.2 Crosstalk between gut microbiota and distant organ systems: mechanisms and implications
Dysbiosis of the GM is associated with disease in a variety of distal organs. For example, studies have shown that changes in the GM may be linked to lung diseases (such as asthma) and joint diseases (such as rheumatoid arthritis), which are known as the “gut-lung axis” and “gut-joint axis.” These interactions suggest that the GM not only affects intestinal health but may also influence the function of other organs through complex signaling pathways (Chu et al., 2023). The communication mechanism between the intestinal tract and its flora and various organs, namely, the “gut-organ axis,” has become increasingly important in maintaining the health of various organs. Research has gradually revealed the complex mechanisms of action of the GM on affecting distal organ systems (Table 1). GM can affect distal organ functions in a direct way via the highly complex gut-organ axis by means of:
	• Metabolite: Gut microbes can metabolize food components to produce SCFAs, amino acids, and other metabolites, which can affect the function of organs such as the liver, heart, lungs, and brain through blood circulation. For example, SCFAs can modulate immune responses and influence systemic inflammatory status (Shastry and Rekha, 2021; Marroncini et al., 2024).
	• The immune system: GM can affect the immune response of the whole body by interacting with the host immune system. Microbial metabolites and signaling molecules can activate or inhibit immune cells, thereby affecting the inflammatory response and immune status of distal organs (Dong and Mayer, 2024).
	• The neural network: Such as vagus nerve by producing bacterial metabolites, the intrinsic branches of the enteric nervous system, and the extrinsic parasympathetic and sympathetic branches of the autonomic nervous system (Sherwin et al., 2018).
	• The endocrine system (via HPA axis): For example, the intestine can secrete peptide hormones (such as incretin and gastrin). These hormones play an important role in regulating appetite and metabolism, and their changes may affect the function of the liver and pancreas (Fava, 2014).

TABLE 1 | Major studies related to the Microbiota-Gut-X Axis.
[image: A table summarizes research on the microbiota's impact on the gut-brain, gut-liver, and gut-lung axes. It includes columns for the research axis, topic, method, main findings, and references. Key findings include the influence of microbiota on mood, neuroinflammation, liver and lung health, and disease processes. Various studies use animal models to assess the microbiota's role, with references to studies by Osadchiy et al., Mayer et al., Singh et al., Ding et al., Chakrabarti et al., Anand and Mande, Shi et al., and Ribeiro et al.]The interaction between the GM and remote organ systems is a complex and dynamic process involving multiple mechanisms such as the production of metabolites, immune regulation, and neural signaling. These interactions not only affect the health of the gut but also have profound effects on physiological functions and disease states throughout the body.
3.2.1 Research evidence on a pathogenic link between gut microbiota and neuropsychiatric disorders
Much evidence strongly indicates that there is a positive correlation between GM dysbiosis and the onset or expression of various neuropsychiatric disorders. These conditions encompass a range of neuropsychiatric conditions, including Alzheimer’s disease, anxiety, depression and Parkinson’s disease (Stevens et al., 2021). Such findings highlight the importance of gut health in the context of mental wellbeing and raise questions about potential therapeutic interventions targeting the GM for individuals suffering from these disorders. In addition to clinical observations, high-throughput genetic sequencing and metabolomics studies have reported notable alterations in the composition of gastrointestinal microbiota, as well as changes in fecal metabolic profiles that are associated with depressive disorders (Yu et al., 2017; Stevens et al., 2021). These scientific advancements provide deeper insights into the relationship between GM and neuropsychiatric conditions.
• Alzheimer’s disease (AD): A large number of clinical studies and animal experiments have revealed the correlation between GM and AD. For example, one study analyzed the composition of the GM in people with AD and found that the abundance of specific microbes was associated with cognitive decline (Cammann et al., 2023; Zhang et al., 2024a). Additionally, laboratory studies show that changes in the GM can affect behavior and cognition in mice modeled with AD, providing further evidence to support this hypothesis (Chen et al., 2022; Dissanayaka et al., 2024). In microbial transfer experiments, researchers transplanted the GM of AD patients into experimental animals (such as rats) and observed that these animals showed neurogenesis (i.e., the generation of new neurons) and decreased dendritic formation. This finding suggests that the GM of people with AD may further worsen the condition by interfering with the growth and connections of neurons (Grabrucker et al., 2023). Although studies have shown that there is a link between GM and AD, the specific mechanism remains unclear. There are currently three main mechanisms: 1) Amyloid production (Cheng et al., 2021): Some studies have proposed that GM can produce amyloid proteins, which are an important pathological feature of AD. These proteins can enter the blood circulation and cross the blood-brain barrier, and then aggregate and form in the brain. 2) Inflammatory response (Cammann et al., 2023; Liang et al., 2024): The imbalance of GM may lead to the impairment of intestinal barrier function and increase intestinal permeability, thereby allowing bacterial components and metabolites to enter the blood. These substances may trigger a systemic inflammatory response, thereby affecting the nervous system and promoting the progression of AD. 3) Impact of metabolites (Wu Y. et al., 2022): Metabolites produced by GM, such as SCFAs, have an important impact on the survival and function of neurons. SCFAs not only participate in energy metabolism, but also regulate the synthesis of neurotransmitters and affect cognitive function.
	• Anxiety and depression: Studies have found that the GM of patients with depression exhibits significant dysbiosis, which is significantly different from healthy individuals. For example, the number of certain beneficial bacteria (such as Lactobacillus and Bifidobacterium) is reduced in patients with depression, while the number of harmful bacteria is increased (Butler et al., 2023; Yuan et al., 2024). This microbial dysbiosis may lead to changes in metabolites that affect neurotransmitter synthesis and function, negatively impacting mood and behavior. In addition, the GM can influence brain function through the production and regulation of various neurotransmitters. For example, GM can synthesize serotonin, a neurotransmitter closely related to mood regulation. Studies have shown that the microbial community in the intestines can affect serotonin levels through different pathways, thereby affecting the occurrence of anxiety and depressive symptoms (Kumar et al., 2023; Yang R. et al., 2023).
	• Parkinson’s disease (PD): Clinical studies show that about 30% of PD patients often show some intestinal symptoms, such as constipation and difficulty swallowing, before the onset of motor symptoms. These symptoms may be early warning signs of the disease, suggesting that GM and their imbalance play an important role in the early development of PD (Zhu et al., 2022; Zhang M. et al., 2023). Some clinical trials have found that the GM of patients with PD shows specific changes, such as a decrease in the number of certain beneficial bacteria and an increase in the number of pathogenic bacteria. This imbalance may lead to intestinal inflammation and other metabolic problems (Zhu et al., 2022). Some studies have suggested that intestinal inflammation caused by GM may be a key factor leading to α-synuclein aggregation, and this aggregation is considered to be one of the pathological characteristics of PD (Moustafa et al., 2021; Chan et al., 2022; Warnecke et al., 2022). The inflammatory state of the intestine may promote the accumulation of harmful proteins, thereby affecting the normal function of the nervous system. In mouse experiments, a decrease in locomotor capacity and an increase in α-synuclein were observed after transplantation of GM from PD patients, further supporting the critical role of GM in the development of PD (Li B. et al., 2023).

3.2.2 The influence of gut microbiota composition on the development and progression of liver diseases
Physiologically, there is a two-way communication between the intestine and the liver through the biliary system and portal vein, which allows metabolites and microorganisms in the intestine to quickly affect liver function. Metabolites of intestinal flora, such as SCFAs and other microbial metabolites, can be absorbed by the liver through enterohepatic circulation, thereby regulating liver metabolism and immune responses (Jiang and Schnabl, 2020; Li B. et al., 2022). Dysbiosis of the GM is considered an important factor in the development of liver disease. Studies have shown that damage to the intestinal barrier function (i.e., the “leaky gut” phenomenon) can lead to the transfer of bacteria and their metabolites to the liver, thereby triggering liver inflammation and damage (Konturek et al., 2018). This bacterial transfer is not only the pathological basis of liver disease, but may also promote the aggravation of liver inflammation and the progression of the disease. Furthermore, metabolites produced by GM play dual roles in liver disease. On the one hand, some metabolites (such as SCFAs) help maintain the health of the liver and have anti-inflammatory and protective effects. On the other hand, certain pathogenic bacteria and the toxins they produce may cause damage to hepatocytes and chronic inflammation of the liver (Schnabl and Brenner, 2014). Therefore, the composition and metabolic activity of GM are crucial in the occurrence and development of liver diseases.
Some studies have suggested that GM may affect the occurrence and development of liver diseases through the following three mechanisms: 1) Inflammatory response (Schwenger et al., 2019): Metabolites (such as endotoxins) produced by GM can trigger an inflammatory response in the liver, leading to liver cell damage and fibrosis. 2) Metabolic regulation (Kanmani et al., 2020): GM affect the function of the liver by affecting the metabolic processes of the host, including lipid metabolism and glucose metabolism. 3) Immunomodulation (Wang R. et al., 2021; Wang H. et al., 2022): Changes in the microbiome can affect the distribution and activity of immune cells in the liver, thereby affecting the immune response of the liver. Furthermore, bile salts represent the primary organic solutes of bile and are synthesized by the liver. The majority of bile salts are primary bile salts, which play a crucial role in the digestive process. The available evidence indicates that there is a bidirectional relationship between GM and bile salts (Li et al., 2023b). On the one hand, the GM convert these primary bile salts into secondary bile salts through a biotransformation process, thereby increasing the diversity of bile salts (Guo et al., 2022). The metabolic activity of GM not only affects the composition of bile salts, but also has a significant impact on the size and concentration of bile salt pools. In turn, bile salts act in the intestines to inhibit bacterial overgrowth and protect the intestines from inflammation, thereby maintaining body health (Oscar et al., 2017).
	• Acute liver injury: Acute liver injury is sudden damage to the liver caused by a variety of reasons. Studies have shown that when the intestinal mucosal barrier is damaged, intestinal bacteria and their products will migrate to the liver, causing a series of immune damage and inflammatory reactions, and ultimately causing liver damage (Zhang et al., 2024b). This phenomenon emphasizes the importance of the interaction between the gut and the liver, the “gut-liver axis,” in acute liver injury. In experiments on mice, the researchers used antibiotics to clear their GM and found that the mice showed more severe symptoms of liver damage after they were treated with hepatotoxins, such as carbon tetrachloride or hepatitis virus. This suggests that a loss of GM may render the liver more susceptible to damage (Chen et al., 2021; Hu et al., 2024). Other studies have pointed out that specific intestinal bacterial communities may play a protective role in the occurrence of liver injury (Wang K. et al., 2022). In addition, the GM also plays an important role in drug-induced liver injury. Studies have found that certain drugs may induce varying degrees of liver toxicity under the regulation of GM. Changes in the composition of GM are closely related to drug metabolism and toxic reactions, which provides a new perspective for understanding the effects of drugs on the liver (Huang et al., 2024).
	• Viral Hepatitis: Many clinical and experimental studies have supported the role of GM in the development of liver disease. For example, one study found that changes in the GM were associated with disease progression in patients with chronic hepatitis B, and the characteristics of the GM could serve as potential biomarkers for monitoring disease progression (Sehgal et al., 2020; Khabarova and Ya, 2024). In addition, experimental studies have shown that transplantation of GM (such as fecal microbiota transplantation) may become an emerging strategy for the treatment of viral hepatitis and can improve patients’ clinical outcomes (Yang et al., 2020). According to the theory of the gut-liver axis, GM affects the development of viral hepatitis mainly by regulating the inflammatory response of the liver and intestines. Studies have found that GM can promote the healthy function of the liver by producing SCFAs, vitamin K, vitamin B12 and other nutrients. In addition, GM can also regulate the defense against viral infection by affecting the response of the host immune system (Lu et al., 2021; Lv et al., 2021).
	• Non-alcoholic fatty liver disease (NAFLD): Research shows that imbalance of GM may play an important role in the pathogenesis of NAFLD. The onset of NAFLD is closely related to metabolic factors such as diet, obesity, and insulin resistance, and these factors are in turn affected by GM. GM can affect the health of the liver by regulating the host’s metabolic state, inflammatory response, and intestinal barrier function (Yu et al., 2016). Multiple studies have revealed that the composition of GM in NAFLD patients is significantly different from that in healthy individuals. Specifically, the number of some beneficial bacteria in the GM of patients with NAFLD is reduced, while some potentially harmful bacteria (such as some bacteria from the phyla Firmicutes and Proteobacteria) are relatively increased. These changes may lead to the weakening of intestinal barrier function, which in turn triggers the penetration of intestinal contents into the blood circulation and promotes liver inflammation and fat deposition (Cai et al., 2024; Zeng et al., 2024). In addition, studies have found that intestinal microbial metabolites SCFAs can improve the pathological process of NAFLD by inhibiting liver fat synthesis and enhancing insulin sensitivity. However, in NAFLD patients, the production of SCFAs is often inhibited, further aggravating the progression of the disease (Pan et al., 2020; Jadhav et al., 2024).

3.2.3 The role of gut microbiota in driving lung disease progression: experimental evidence and clinical reality
The gut-lung axis refers to the two-way communication channel between the GM and the lung. Although the two organs are anatomically separate, studies have shown that complex biochemical signaling mechanisms exist between them. GM may influence lung health through their metabolites, cell signaling, and modulation of immune responses (Enaud et al., 2020). In some common lung diseases, such as asthma, chronic obstructive pulmonary disease, and pulmonary fibrosis, dysbiosis of the GM is considered an important factor in the pathological process. Studies have found that there are significant differences in the GM of asthma patients compared with healthy people. These differences are related to the patient’s inflammation level and disease severity (O’dwyer et al., 2019; Zhang D. et al., 2020). In mouse models, researchers found a significant correlation between changes in the GM and the progression of lung disease. By changing the mice’s diet or using probiotics, the researchers were able to modulate the composition of the GM and observe improvements in lung inflammation and lung function. These results indicate that the GM not only plays a key role in the occurrence of lung diseases, but may also become a potential therapeutic target (O’dwyer et al., 2019; Wang and Wang, 2024).
• Chronic obstructive pulmonary disease (COPD): Multiple clinical studies have shown that changes in GM are closely related to the severity and clinical manifestations of COPD. For example, a study of 73 healthy controls and 67 COPD patients found that COPD patients had significantly lower levels of SCFAs in stool samples than healthy people. SCFAs such as acetic acid, propionic acid, and butyric acid are essential for maintaining intestinal health and immune regulation, which may affect the course of COPD (Kirschner et al., 2021; Li et al., 2021; Lai et al., 2024). In addition, COPD patients are often accompanied by digestive system symptoms, such as bloating, constipation, and diarrhea, and these symptoms may be related to the imbalance of GM (De Nuccio et al., 2022). Studies have also found that COPD patients who received bacterial transplants experienced improvements in lung function and quality of life, further supporting the role of GM in COPD (Lim et al., 2023).
• Asthma: Studies have found that the composition of GM is closely related to the occurrence of asthma. Specifically, dysbiosis of the GM can lead to an abnormal response of the immune system, thereby increasing the risk of asthma. Many studies have shown that changes in early GM are significantly associated with the occurrence of asthma in children. For example, studies have shown an association between microbial composition at 1 year of age and asthma diagnosis at 5 years of age, suggesting that early microbial exposure is critical for the development of the immune system (Stokholm et al., 2018). Studies have shown that the use of antibiotics can change the composition of GM and enhance the response to allergens in mice, which further supports the connection between GM and asthma (Stiemsma and Turvey, 2017). Some studies have pointed out that GM imbalance may lead to dysfunction of T regulatory cells (Tregs), which is closely related to the pathogenesis of asthma (Zheng et al., 2023). In addition, the health status of GM is also related to the occurrence of allergic diseases, suggesting that GM may participate in the occurrence of asthma by affecting the systemic immune response (Kang et al., 2017).
	• Pulmonary fibrosis: Some studies have investigated the association between GM and pulmonary fibrosis through cross-sectional studies, and the results show that the composition of the GM in patients with pulmonary fibrosis is significantly different from that in healthy controls. These findings indicate that specific GM may be closely related to the occurrence of pulmonary fibrosis, and suggest that changes in GM may be a biomarker of pulmonary fibrosis (Puiu et al., 2024). Studies of improving pulmonary fibrosis by modulating GM (such as using probiotics or prebiotics) have also shown positive effects in animal experiments. For example, the application of certain probiotics can reduce the levels of inflammatory factors in lung tissue and reduce the degree of pulmonary fibrosis. These results suggest that intervention of GM may slow or reverse the process of pulmonary fibrosis to a certain extent (Costa et al., 2022; Guo and Yang, 2024). Studies have found that changes in GM may participate in the pathological process of pulmonary fibrosis by affecting the host’s immune response, inflammatory response and the expression of related cytokines. For example, certain metabolites produced by GM may affect immune cells in the lungs through blood circulation, thereby changing the inflammatory environment in the lungs. This provides mechanistic support for understanding the relationship between intestinal flora and pulmonary fibrosis (Puiu et al., 2024).

In summary, the GM is of great significance in maintaining health and promoting disease, and its mechanisms of action are still being revealed. Future research will further explore its relationship with remote organ diseases and explore its potential therapeutic targets and strategies. As technology advances and research deepens, the GM may become an important area for understanding and treating a variety of diseases. Not only will this help reveal the complexity of the microbiome, it may also provide us with new health interventions to address various diseases associated with microbiome dysbiosis. For example, by adjusting diet, using probiotics or synthetic microbiota, it may be possible to effectively improve the health status of the host. In addition, individual differences in GM also suggest that we need to consider personalized medicine strategies during the treatment process.
3.3 Gut microbiota manipulation for future health interventions
The treatment of GM shows great promise for the future in addressing a number of intractable diseases. The association between GM dysbiosis and neurological, hepatic, and pulmonary disorders has been proven, and interventions targeting gut flora, such as probiotics, prebiotics, and fecal microbial transplantation (FMT), are emerging as a promising therapeutic strategy, especially when conventional pharmacological treatments have limited efficacy.
3.3.1 Probiotics and prebiotics
Probiotics are defined as live microorganisms that confer benefits to the host, with the most commonly studied examples being lactobacilli and bifidobacteria. A growing body of evidence suggests that probiotics can alleviate the symptoms of intestinal disorders by modulating the GM, enhancing intestinal barrier function, and modulating the immune response (Skoufou et al., 2024). For example, clinical studies on inflammatory bowel disease and irritable bowel syndrome have demonstrated that probiotics are efficacious in reducing symptoms and improving quality of life (Ji et al., 2023). Furthermore, the use of probiotics has shown promise in terms of enhanced drug metabolism and efficacy (Purdel et al., 2023).
While Prebiotics are substances that selectively promote the growth and activity of probiotics within the gut. Commonly, oligosaccharides and cellulose are considered prebiotics. The mechanism of action of prebiotics is primarily through the provision of nutrients that facilitate the colonization of beneficial flora, thereby improving the composition and function of the GM (Ji et al., 2023). Studies indicate that the consumption of prebiotics can positively influence the composition and function of the GM, which in turn can have a beneficial impact on host health, particularly in the context of chronic disease management (Al-Fakhrany and Elekhnawy, 2024).
3.3.2 Fecal microbiota transplantation
As an emerging therapeutic approach, fecal microbiota transplantation (FMT) has demonstrated efficacy in controlling antibiotic-associated diarrhea and Clostridium difficile infections. By introducing microbiota from the feces of healthy donors into the patient’s gut, the approach aims to restore the balance of the patient’s GM and thereby improve clinical outcomes. FMT was initially used primarily to treat conditions associated with intestinal dysbiosis, such as recurrent C. difficile infection, but its potential range of applications is expanding, particularly in distal organs. Shows promise in the treatment of the disease.
	• Chronic kidney disease: Studies have shown that FMT can improve the microbial community structure of kidney transplant recipients and reduce the colonization rate of multi-drug-resistant bacteria. This finding provides a theoretical basis for the application of FMT in patients with chronic kidney disease, especially in patients who need to maintain renal function (Woodworth et al., 2023).
	• Liver disease: Patients with liver disease are often accompanied by intestinal flora imbalance. FMT is expected to reduce liver inflammation and fibrosis by improving the composition of intestinal microbiota. For example, some studies suggest that FMT can improve gut health in people with cirrhosis, which in turn affects liver function (Goldenberg et al., 2023).
	• Cardiovascular disease: Increasing evidence shows that the GM is closely related to cardiovascular health. FMT may have a positive impact on patients with cardiovascular disease by changing the composition of the GM and reducing the inflammatory response. Some preliminary studies suggest that FMT may help improve metabolic status and cardiac function in patients with heart disease (Hao et al., 2023).

Although FMT has great application potential, more research is needed to determine its safety and effectiveness. Existing data suggest that FMT is safe in many cases and has a particularly high success rate in the treatment of recurrent C. difficile infection (Lin et al., 2018). However, the efficacy and safety of FMT in immunocompromised patients, such as organ transplant recipients, remain unclear, and further clinical trials are needed to evaluate its potential risks and benefits (Thanush and Venkatesh, 2023).
There are significant distinctions between GM therapy and conventional pharmaceuticals, particularly with regard to the following factors: 1) Mechanism of action: Traditional pharmaceuticals typically exert their effects by directly targeting pathogens or by interfering with biochemical pathways. In contrast, GM therapy influences the health of the host by modulating the microbiome. For example, GM can produce a variety of chemicals that can interfere with the metabolism of drugs or enhance their effects, which provides us with different therapeutic ideas (Rahman et al., 2022). 2) Side effects: Conventional pharmaceuticals frequently elicit adverse effects, including gastrointestinal distress, liver and kidney injury, and the exacerbation of underlying ailments. In contrast, GM therapy tends to have a lower incidence of adverse effects, as it relies on the use of natural microorganisms to promote health, rather than introducing foreign chemicals. This renders GM therapy a potentially safer option in certain cases (Zhao et al., 2023). 3) Wide range of therapies: GM therapies can be utilized to target a multitude of conditions, including some complex diseases such as autoimmune disorders and allergic diseases, thereby demonstrating the potential for a wider range of applications. While traditional medications are typically designed to target specific conditions, GM therapies may affect multiple physiological systems simultaneously, resulting in systemic health benefits (Rahman et al., 2022).
However, it is worth noting that the efficacy of GM therapy is not solely contingent on the specific type and quantity of microorganisms transplanted, but is also influenced by individual variations in the host. This suggests that individualized treatment regimens may become a crucial aspect in future clinical applications. For example, it has been demonstrated that different individuals exhibit disparate responses to the same FMT treatment, which may be attributable to factors such as an individual’s genome, diet, and lifestyle (Yang Y. et al., 2023; Sahle et al., 2024). Consequently, future studies must prioritize the characterization of an individual’s microbiome and its impact on treatment response.
4 INTEGRATING TRADITIONAL CHINESE MEDICINES WITH GUT MICROBIOTA FOR MICROBIOTA-GUT-ORGAN AXIS REGULATION
In recent years, with the increasing public attention to intestinal health, GM have become a hot topic in TCM research. The GM and intestinal barrier are considered to be one of the important targets for TCMs to function and treat diseases (Che et al., 2022). Progress in this research field provides a new perspective for our understanding of the role of TCMs in the regulation of the microbiome-gut-organ axis.
4.1 Regulation mechanism of traditional Chinese medicines on gut microbiota
TCM is an ancient medical system with a history of thousands of years. Its theoretical basis includes the theory of yin and yang five elements theory, qi and blood theory, viscera theory, etc. These theories form the basis for TCM diagnosis and treatment of diseases. In recent years, with the deepening of research on the GM, the potential of TCM in regulating GM has been gradually recognized and valued (Table 2) (Zhang R. et al., 2020).
TABLE 2 | Overview of major bacterial groups and functions in gut microbiome and TCM effects.
[image: Table detailing bacterial groups, their relative abundance, key functions, effects of Traditional Chinese Medicine (TCM), and references. Firmicutes: 60-80%, aids fiber fermentation, restored by TCM (Ribeiro et al. 2022). Bacteroidetes: 15-30%, breaks down carbohydrates, modulated by TCM (Zhang et al. 2020a). Proteobacteria: 1-10%, linked to inflammation, reduced by TCM (Li et al. 2022c). Actinobacteria: 1-5%, vitamin production, supported by TCM (Rinninella et al. 2019). Fusobacteria, Verrucomicrobia, Desulfobacterota: <1%, involved in health, managed by TCM (Rowland et al. 2018, Lin et al. 2021, Li et al. 2022c).]Numerous studies have demonstrated that TCMs can regulate GM through multiple mechanisms, including restoring the balance of flora, affecting metabolic function, activating immune function, repairing the intestinal barrier, regulating flora metabolites, inhibiting the growth of harmful bacteria, and promoting microbial diversity (Figure 2). These mechanisms work together to help maintain intestinal health and prevent and treat a variety of diseases (Wu Z. et al., 2022).
[image: A diagram showing how traditional Chinese medicines (TCMs) impact gut health. It displays TCM metabolism processes like hydrolysis and oxidation, leading to toxic byproducts or active ingredients. Toxic byproducts cause toxic reactions and increased toxicity, while active ingredients increase bioavailability and have anti-inflammatory and immunomodulatory effects. The diagram highlights enzymes, gut microbiota, and intestinal functions, including immunity enhancement, intestinal barrier repair, and bacterial homeostasis restoration. Arrows indicate the flow of processes, emphasizing the regulation of intestinal function and overall body health.]FIGURE 2 | Interaction mechanism between traditional Chinese medicines and gut microbiota.
4.1.1 Regulating the ratio of probiotics to pathogenic bacteria
It is vital to maintain a certain ratio between probiotics and pathogenic bacteria as it can ensure the stability of the gut microecosystem. An imbalance and pathogenicity can occur when there is an excess or deficiency of one or more bacterial strains. Studies have shown that certain TCMs exhibit antimicrobial and prebiotic activities, which can restore the balance between probiotics and pathogenic bacteria in the intestinal tract. In a study, the effects of salidroside on the abundance and composition of GM in mice with ulcerative colitis (UC) were examined. The study found that after oral administration of salidroside, the abundance of enteric pathogenic bacteria such as Turicibacter, Alistipes, and Romboutsia significantly decreased. Conversely, the abundance of the beneficial bacterium Lactobacillus increased significantly, resulting in a significant therapeutic effect on the UC mice. However, the therapeutic effect of salidroside disappeared when antibiotics were used to deplete GM. It turns out that salidroside can exert anti-inflammatory effects by increasing the number of intestinal probiotics and inhibiting the number of pathogenic bacteria (Liu et al., 2023).
Most TCMs contain polysaccharides as their main active ingredients. As they are not easily digested, polysaccharides do not have a direct effect on the host. However, they can improve the intestinal environment and serve as a substrate for probiotics, promoting their growth and addressing GM dysbiosis through a prebiotic effect [41]. An example is the polysaccharides found in ginseng (Panax ginseng C.A.Mey.) in Du-Shen-Tang, which cannot be directly absorbed and utilized by the intestinal tract. However, they can promote the metabolism of ginsenoside elements such as ginsenosides Re and Rc in the intestinal tract. Additionally, they can promote the growth of probiotic bacteria such as Lactobacillus spp. and Bacteroides spp. (Zhou et al., 2016).
Furthermore, TCMs can indirectly influence GM metabolism by regulating the ratio of intestinal probiotics to pathogenic bacteria. Studies have found that bacterial metabolites, such as SCFAs, can contribute to the treatment of diseases by improving metabolic disorders, reducing inflammation, and repairing the intestinal barrier. For example, Bletilla striata (Bletilla striata (Thunb.) Rchb.f.) oligosaccharides improve high-fat diet-induced metabolic syndrome by reversing GM dysbiosis and restoring homeostasis of gut metabolites such as bile acids, SCFAs, and tryptophan catabolite metabolites (Hu et al., 2020). Rhein, derived from the Chinese herb rhubarb (Rheum palmatum L.), has the ability to alter the composition of the GM. As a result of this modification, there is an increase in the abundance of Lactobacilli, which indirectly affects purine metabolism in the intestinal tract and reduces the production of uric acid in the intestinal epithelium. This relieves UC symptoms, resulting in their alleviation (Wu et al., 2020).
However, some TCMs can disrupt the structure of GM. For example, the combination of Qianjinzi (Euphorbia lathyris L.) and Gancao (Licorice) can increase the levels of S247ukn, Candidatus arthromitus and other endotoxin-synthesizing and intestinal immunity-related bacteria. This can lead to abnormalities in the structure of the GM macro genome. As a result, abnormalities can occur in the structure of the GM macro genome. Enhancing the expression of genes involved in aromatic amino acid breakdown and mucus breakdown may improve their functionality. This, in turn, may lead to an increase in the production of toxic substances, such as intestinal uremic toxins, which can elevate the risk of disease or exacerbate existing conditions (Wang L. et al., 2022).
4.1.2 Protecting the intestinal mucosal barrier
The intestinal mucosal barrier is a system that comprises intestinal mucosal epithelial cells, chemicals present on the surface of the intestinal mucosa (such as HCO3-), intestinal microorganisms, and molecules of intestinal immune cells. Its function is to maintain the internal environment of the body and intestinal homeostasis, preventing the entry of bacteria, toxins, and other harmful substances into the intestinal tract. This is crucial in preventing the invasion of pathogenic bacteria and reducing inflammation. Multiple studies have demonstrated that TCMs, particularly those possessing anti-inflammatory and antioxidant properties, can safeguard the integrity of the intestinal mucosa through various mechanisms, such as regulating the structure of the GM, reducing endotoxin levels in the serum, and attenuating inflammatory factors.
Animal studies have shown that Ganoderma lucidum (Curtis) P. Karst. extract inhibits the growth of intestinal Firmicutes and Bacteroidetes, reduces the occurrence of endotoxemia, and protects the integrity of the intestinal mucosal barrier function in mice fed a high-fat diet (Chang et al., 2017). The combination of rhubarb and astragale (Astragalus mongholicus Bunge) has been shown to improve intestinal mucosal damage, reduce intestinal mucosal permeability, and inhibit endotoxin and GM translocation in rats with chronic renal failure (Yuping et al., 2017). Lin et al. discovered that Jianpi Yichang Powder exhibited a protective effect on the immune barrier in rats with UC. The mechanism was related to promoting the expression of heat shock protein-70 protein and mRNA in colon tissue (Lin et al., 2017).
Indigo and indirubin are isomeric active molecules found in the TCM indigo naturalis (Indigofera L.). They possess anti-inflammatory and immunomodulatory effects, regulate intestinal microbial composition, modulate oxidative stress, and promote intestinal mucosal repair. Xie et al. (2023) conducted a study to investigate the effects of co-administering indigo and indirubin in a colitis model. They found that all treatment groups exhibited improvements in disease symptoms, with the co-administration of indigo and indirubin being the most effective. In comparison to the groups that received indigo or indirubin alone, the co-administration group exhibited an upregulation in the expression of tight junction proteins, including E-cadherin, occludin, Zona Occludens 1, and Recombinant Mucin 2, in the colon. As a result, there was an improvement in intestinal permeability and a significant enhancement in intestinal barrier function. Further analysis revealed that the synergistic improvement in intestinal barrier function by indigo and indirubin is attributed to the integration of indirubin’s anti-inflammatory and GM-regulating abilities, as well as indigo’s immune and ROS/RNS regulation benefits.
4.1.3 Enhancement of immune function
Immunomodulation is a crucial mechanism through which most TCMs exert their pharmacological effects. Relevant studies have shown that TCMs and their combinations have the ability to influence the body’s immune system by promoting the growth of intestinal probiotics and inhibiting the proliferation and colonization of potentially pathogenic bacteria, thereby achieving immune-boosting effects. Studies have shown that germ-free mice exhibit significantly weaker immune systems compared to normal mice. However, when they are colonized with normal gut microbes, their immune function is restored to normal levels (Ganal et al., 2012).
The intestinal bacterium Bifidobacterium dentium can stimulate the secretion of IL-1 and IL-6 from immune cells, thereby promoting the differentiation and maturation of B lymphocytes. Additionally, it enhances the killing function of NK cells and the proliferation of T lymphocytes (González Olmo et al., 2021). In an immunosuppressed mouse model, dandelion (Perdicium capense L.) and dangshen (Codonopsis pilosula Nannf.) significantly increased the thymus and spleen indices of immune organs, immunoglobulins (such as sIgA and IgG), and leukocyte counts of model mice. These effects may be attributed to the observed increase in abundance and diversity of B. dentium and Lactobacillus in the intestinal tract of the model mice (Wei et al., 2019). Sulforaphene extracted from semen raphani (Raphanus raphanistrum L.) has been shown to alleviate GM structural disorders and reverse colitis associated with an increase in intestinal T cells. Furthermore, Sulforaphene selectively inhibits the proliferation of pathogenic bacteria such as colorectal Shigella spp. and Helicobacter pylori, while promoting beneficial bacteria such as Lactobacillus. Intracellular components of Lactobacillus have been discovered to stimulate the growth of IL-17+γδ T cells. Increased IL-17A levels can then restore the compromised subcellular sites of closure proteins and safeguard the integrity of the colonic epithelial barrier (Li et al., 2017).
Furthermore, another study showed that the immune effects of TCMs can also be mediated by GM metabolites. Dendrobium officinale (Dendrobium officinale Kimura & Migo) polysaccharides have been shown to possess immunomodulatory activity. Through animal experiments, Li et al. discovered that these polysaccharides increased GM diversity in mice and promoted the production of more butyrate by the butyrate-producing strain Parabacteroides_sp_HGS0025. Additionally, the presence of Parabacteroides_sp_HGS0025 was positively correlated with the production of butyrate, IgM, IL-10, and TNF-α in the intestine and blood of mice, respectively. This suggests that the immune effects of Dendrobium officinale polysaccharides may be mediated by butyrate, providing new evidence to support basic research on the effects of plant polysaccharides on immunity (Li D. S. et al., 2020).
The above-mentioned studies suggest that TCMs can modulate the GM through its unique ingredients and diverse mechanisms of action. However, there are certain differences and similarities in the composition and mechanism of action of TCMs. Some studies on commonly used formulas, Chinese medicine extracts, and Chinese medicine active ingredients to regulate intestinal flora are summarized in Table 3.
TABLE 3 | Chinese herbal products regulate the gut microbiota composition.
[image: A table listing Chinese herbal products arranged by category (Formulas, Extracts, Active Ingredients). Columns include Composition/Source, Disease Model, Method, Changes in Gut Microbiota Composition, and References. Specific formulas, extracts, and active ingredients such as Shenliang Decoction, Honokiol, and Forsythiaside A are listed with their respective sources and effects on gut microbiota for diseases like diabetes, obesity, and Parkinson's disease. Methods used include 16S rRNA and fecal microbiota transplantation, with changes in microbiota indicated by various bacterial families. References are provided for each entry.]First of all, Chinese medicine formula is usually composed of a variety of single Chinese medicines, which regulate GM through synergistic effects. For example, research shows that certain Chinese medicine compounds can enhance the abundance of beneficial bacteria in the gut, thereby promoting gut health and immune function (Zhang et al., 2021). In contrast, single-flavored TCM focuses more on the effects of specific ingredients and often performs well in regulating certain specific flora. For example, some single-flavored TCM has been proven to be effective in preventing and treating liver fibrosis by regulating intestinal tracts. This is achieved by the composition of the bacterial flora (Liu et al., 2021).
Secondly, TCM extracts and TCM active ingredients extract specific ingredients from Chinese medicine to enhance their biological activity. TCM extracts usually retain a variety of active ingredients, so they have a comprehensive effect in regulating GM and can improve intestinal metabolism and inflammation (Gao et al., 2023). The active ingredients of TCM are single compounds, and studies have shown that their effects on specific GM are more direct and clear. For example, some active ingredients can regulate the levels of bacterial metabolites, thereby improving the intestinal environment (He et al., 2023).
Judging from the similarities, all these forms of TCM promote intestinal health by modulating the composition of the GM and enhancing the abundance of beneficial flora. Research shows that the mechanism of action of TCM is closely related to diet, and both have similar effects in regulating GM. In addition, research in recent years has increasingly emphasized the interaction between TCM and GM, believing that the anti-tumor effect can be improved by regulating these flora (Zhang et al., 2021; Wei et al., 2024).
In general, TCM has shown significant potential in regulating GM. Different forms of TCM have their own characteristics and advantages. Future research can further explore their interactions and the possibility of comprehensive application. In order to provide more effective solutions for intestinal health.
4.2 Mechanisms of microbiota-gut-organ axis regulation by traditional Chinese medicine
The application of genomics technology is crucial in analyzing the roles and relationships between TCMs, GM, and the host. This technology can provide new insights and ideas for studying the efficacy and mechanism of action of TCMs, as well as help elucidate the functions and molecular mechanisms of GM. In recent years, the development of histological technologies and the application of multi-omics systems in TCMs have shown that changes in the structure and function of GM are caused by the interaction between TCMs and GM. This interaction activates a variety of signaling pathways within the microbiota-gut-organ axis and provides a new opportunity to understand the molecular mechanism of targeting GM with TCMs to treat diseases in the extraintestinal distal system.
4.2.1 microbiota-gut-brain axis
The microbiota-gut-brain axis (MGB) is a two-way information exchange system between the gut and the brain. It includes GM and is an important pathway for integrating and regulating brain and gut functions. In recent years, some scientists have suggested that the concept of “heart” in Chinese medicine may include certain functions of the “brain” in modern medicine, while the small intestine may include certain functions. The concept of “heart and small intestine” in TCM encapsulates the intricate physiological link between the cerebrum (which is metaphorically referred to as the “heart” in TCM) and the intestines. This notion embodies the holistic approach inherent in TCM, where bodily functions are interconnected and interdependent. This concept can be extended to understand the relationship between the central nervous system and the GM. In a similar manner, TCMs can regulate the intestinal microecological environment by modulating GM, which can help alleviate the pathology of central nervous system disorders for therapeutic purposes.
Research on MGB suggests that GM is becoming a new target for TCMs in the treatment of central nervous system diseases, including insomnia, anxiety, depression, Alzheimer’s disease, and stroke (Li et al., 2023c; Ma et al., 2023). Ischemic stroke is a leading cause of death and disability in humans. Studies have shown that the traditional recipe San Hua Tang has a positive therapeutic effect on ischemic stroke by modulating GM and its metabolites SCFAs, promoting the expression of intestinal mucosal barrier tight junction proteins, and promoting the transition of microglia into the M2 condition, which eases inflammatory responses and reduces the extent of neurological damage and cerebral infarction in rats with ischemic stroke. However, the therapeutic effects were not observed in the groups treated with antibiotics alone or in combination with San Hua Tang and antibiotics. This suggests that GM is a key component in the therapeutic effect of San Hua Tang, with flora metabolites likely being its therapeutic target (Luo et al., 2023).
Baihe Jizihuang Tang, also called Baihe Jizi decoction, recorded in the TCM as “synopsis of the Golden Chamber,” is widely used to treat nervous system disorders caused by “Baihe disease” (TCM disease name, related to mental disorders). The prescription contains two botanical drugs, lily (mainly from the dry bulb of Lilium lancifolium Thunb.) and hen egg yolk, which can also be used as food. Studies have shown that the prescription can improve depressive behavior caused by chronic unpredictable mild stress (CUMS). These results suggest that these TCMs may improve depressive symptoms by regulating GM, primarily through restoring the balance of GM and its metabolites. Correlation analysis revealed that the restored GM levels were associated with changes in the levels of neurotransmitters such as 5-HT, neurotrophic factor (BDNF), and SCFAs. Additionally, TCMs can influence neurotransmitter metabolism, improve peripheral blood flow, and reduce neuroinflammation. This suggests that they can effectively alleviate depressive behavior caused by CUMS (Li et al., 2018; Zhu et al., 2021; Zhang X. et al., 2023). A study further confirmed, through fecal microbiota transplantation experiments, that TCMs may have an antidepressant effect based on the MGB axis. This effect may be related to signaling pathways such as PI3K/AKT/TLR4/NF- κ B and ERK/CREB/BDNF (Zhang Y. et al., 2023). TCMs have enormous potential for treating depression based on MGB.
Recent research has revealed a phenylalanine-tyrosine-dopamine synthesis pathway in intestinal bacterial cells. Furthermore, GM has been found to serve as a new source of dopamine in vivo (Wang et al., 2021b). Transplanting Enterococcus faecalis into mice with Parkinson’s disease has been shown to significantly increase dopamine levels in the brain and improve Parkinson’s symptoms. In addition, the combination of bacteria with berberine demonstrated a more significant therapeutic effect compared to berberine alone. Further studies have demonstrated that berberine can enhance the activity of tyrosine hydroxylase and facilitate the production of levodopa by intestinal bacteria through the promotion of dihydrobiopterin to tetrahydrobiopterin conversion. Moreover, certain GM such as Escherichia coli, Lactobacillus, Streptococcus, Enterococcus and Bacillus have the ability to synthesize and release neurotransmitters and neuromodulators that significantly influence brain development and behavior. These findings offer valuable insights into the use of MGB-based TCMs for the treatment of neurological disorders (Strandwitz, 2018).
TCMs can effectively target GM and its metabolites to regulate the gut-brain axis, mediate the regulation of HPA, influence the synthesis and release of neurotransmitters, reduce inflammatory responses, and regulate the central nervous system through the activation of associated signaling pathways (Figure 3). However, the current understanding of the regulatory mechanism of TCMs on MGB is limited, and further in-depth studies are needed to reveal the details and potential mechanisms.
[image: Diagram illustrating the interaction between traditional Chinese medicines (TCMs), the gut microbiota, and the brain. TCMs promote antioxidative stress and regulate inflammatory reactions, neurotransmitter metabolism, and the HPA axis. This affects tight junction proteins and the intestinal barrier, potentially impacting conditions like ischemic stroke and depression. The gut microbiota influence flora metabolism, short-chain fatty acids, dopamine, and pathogenic bacteria. The overall wellness is shown by improvements in neurological conditions.]FIGURE 3 | Mechanisms of microbiota-gut-brain axis regulation by traditional Chinese medicines.
4.2.2 Microbiota-gut-liver axis
In modern medicine, there is increasing recognition of the intrinsic anatomical and functional connection between the liver and intestines. They have the ability to communicate with each other in both directions via the bile ducts, the portal vein, and the circulatory system (Bauer et al., 2022). For example, the liver transports various substances, including bile salts, antimicrobial molecules (such as IgA), and liver products (such as inflammatory mediators, acetaldehyde, butyric acid, and oxidized trimethylamine), through the biliary tract to the intestinal lumen. This affects the composition of intestinal fluid and the integrity of the intestinal barrier. Of these substances, bile salts play a crucial role as signaling molecules that can regulate a range of metabolic processes in the liver through receptors such as farnesoid X receptor (FXR). Additionally, intestinal factors, particularly microbial metabolites such as acetaldehyde, ethanol, and butyric acid, can enter the liver via the portal vein and influence liver function while regulating metabolic processes in the liver.
The bidirectional relationship between the intestine and liver in metabolic regulation has received significant attention in recent years, particularly in terms of how TCMs impact the occurrence and progression of diseases such as liver fibrosis and liver cancer through their influence on the GM. Studies have shown that supplementing with the probiotic L. rhamnosus can reduce liver inflammation and fibrosis, indicating a potential association between GM composition and these conditions (Jayakumar and Loomba, 2019). TCMs can influence the occurrence and development of liver fibrosis by regulating the GM, inhibiting intestinal barrier dysfunction, and reducing inflammatory responses. For instance, ursolic acid has been shown to enhance the abundance of Lactobacillus and Bifidobacterium in the GM, improve bacterial malnutrition, promote the stability of the GM, and inhibit the progression of liver fibrosis. Schisandra chinensis (Turcz.) Baill. has been found to safeguard liver health and prevent heart failure by modulating the GM and restoring the abnormal bile acid profile (Li H. et al., 2020). Furthermore, specific TCMs have the ability to inhibit the activation of hepatic stellate cells, enhance liver function, and consequently impede the progression of liver fibrosis by activating signaling pathways such as TGF-β/Smad and TLR4/MyD88/NF-κB (Liu et al., 2021).
Bile acids are vital components of bile and play a crucial role in both intestinal and liver signaling pathways. Studies have demonstrated that Xiayuxue decoction, a TCM formula, composing of three natural medicines: Rheum officinale Baill., Prunus persica (L.) Batsch and Eupolyphaga sinensis Walker, can enhance the production of bile salt hydrolase by increasing the population of Bacteroides and Lactobacillus in the intestines of rats with hepatocellular carcinoma. As a result, there is an elevation in primary bile acid levels, which subsequently stimulates interferon-gamma production by NKT cells in the liver, thereby exerting an anti-cancer effect. Utilizing bile acids as messengers to modulate the immune response of CXCR6+ NKT cells in the liver represents a novel therapeutic strategy for treating hepatocellular carcinoma, as supported by additional research findings (Deng et al., 2024). Furthermore, the TCM salidroside has been shown to ameliorate nonalcoholic steatohepatitis through its impact on the gut microbiota-bile acid-FXR axis. Its mechanism involves regulating the stability of the GM, enhancing lipid deposition, and reducing inflammatory damage in the livers of mice with nonalcoholic steatohepatitis, resulting in significant reductions in nonalcoholic steatohepatitis severity and liver triglyceride levels. Additionally, it activates FXR by modulating bile acid metabolism, particularly with respect to TaMCA, TβMCA, and βCDCA (Li M. et al., 2020).
Research shows that maintaining intestinal homeostasis and preserving intestinal barrier function are crucial regulatory factors in the progression from nonalcoholic fatty liver disease to more advanced stages. A study conducted by Yu et al. (2022) revealed the potential of the active metabolite Schisantherin A, found in Schisandra chinensis (Turcz.) Baill., to restore intestinal barrier function, enhance intestinal permeability, suppress LPS-TLR4 signaling, decrease lipopolysaccharide release, and alleviate intestinal inflammation. These findings suggest that the use of Schisantherin A can effectively enhance the occurrence and progression of non-alcoholic fatty liver disease induced by a high-fat diet.
TCMs regulate liver function and can delay the progression of liver diseases by influencing different aspects of the microbiota-gut-liver axis. These effects encompass the regulation of gut microbial composition, modulation of gut-liver signaling, suppression of inflammatory responses, and the protection of hepatocytes (Figure 4).
[image: Illustration showing the effects of traditional Chinese medicines (TCMs) on the gut microbiota and liver. TCMs are depicted as improving intestinal permeability, reducing inflammation, and reversing metabolic abnormalities. This leads to enhanced gut microbiota balance, increased beneficial probiotics, and reduced pathogenic bacteria. As a result, intestinal and liver health improves, delaying liver disease progression through compounds like butyric acid and ethanol.]FIGURE 4 | Mechanisms of microbiota-gut-liver axis regulation by traditional Chinese medicines.
4.2.3 Microbiota-gut-lung axis
The microbiota-gut-lung (MGL) axis represents a reciprocal regulatory pathway involving the GM and its metabolites. This pathway influences the physiological state of the gut and lungs by modulating immune response signaling pathways, as well as altering the activity of T lymphocyte subsets and inflammatory signals. Studies have demonstrated a close association between alterations in the structure of the GM and the development of various lung diseases. For example, disruptions in the GM caused by antibiotics can increase the body’s susceptibility to pneumonia and Th2 cell-induced asthma (Hill and Artis, 2013). A study was conducted to investigate the therapeutic effects of a botanical drug metabolite on allergic asthma combined with dysbiosis in rats. The study employed three treatment methods: lung treatment, intestinal treatment, and lung-intestinal combination treatment. The results showed that the lung-intestinal combination treatment was more effective than intestinal or lung treatment alone in restoring lung function and the GM in the model rats (Wen et al., 2017). These findings provide further evidence of the therapeutic interaction between the intestines and the lungs.
As a traditional medical system, TCMs play a crucial role in maintaining the microbial balance of the gut and lungs. It has been found that TCMs can regulate the microbial community in the gut, which in turn influences lung health. For example, Chinese botanical drug formulas such as Qi Bai Ping Lung Capsule (QBPF) and Xuan Bai Cheng Qi Tang (XBCQ) improved lung function in chronic obstructive pulmonary disease (COPD) rats by increasing the relative abundance of probiotics (e.g., Akkermansia) and pathogens (e.g., Streptococcus) bacteria that are significantly associated with inflammatory biomarkers (e.g., TNF-α, IL-1β, and MMP-9) (Wang et al., 2021c; Jia et al., 2022).
There is mounting evidence that the GM and its metabolites, SCFAs, play a crucial role in establishing and regulating the pulmonary immune system in both mice and human. Furthermore, the deletion of regulatory T (Treg) cells in the intestinal lamina propria affects the composition of the GM, while maintaining the balance between Th17 and Treg cells is vital in regulating the pathogenesis of chronic obstructive pulmonary disease (COPD) (Kehrmann et al., 2020). The results of the study indicate a significant positive correlation between the administration of probiotics influenced by QBPF and XBCQ and improvements in body weight and lung function. Conversely, there was a negative correlation observed with Th17/Treg ratios and pro-inflammatory cytokines. These findings suggest a strong association between the GM and the pulmonary immune mechanism. However, further substantiation is required by using aseptic or antibiotic-treated animal models in combination with colony transplantation. Targeting the GM to modulate the host immune response is an important mechanism for TCMs to treat lung-related diseases. Studies have demonstrated the effectiveness of TCMs such as Astragalus mongholicus Bunge, Shaoyao-Gancao Tang, and Qinbaiqingfei concentrate pills in regulating the immune function of the lung-intestinal mucosa and improving conditions such as acute lung tissue damage, asthma, and mycoplasma pneumonia (Cui et al., 2018; Liu et al., 2022; He et al., 2023).
Furthermore, studies have demonstrated that microbial metabolites, specifically SCFAs, have a positive impact on immune regulation. The Gu Ben Fang Xiao decoction, an experiential formula proposed by Professor Yuren Jiang, was found to reverse intestinal dysbiosis in asthmatic mice and promote the growth of SCFAs-producing bacteria, including Firmicutes, Lachnospiraceae, and Bifidobacteriaceae. As a result, there was a substantial rise in SCFAs levels in the intestinal circulation, with acetate being particularly prominent. Moreover, additional experiments involving antibiotic mixtures and SCFA supplementation have demonstrated that acetate salts can significantly enhance the differentiation of regulatory T cells and stimulate a systemic immune response (Dong et al., 2020).
Houttuynia cordata Thunb. polysaccharides have been proven to improve the immune and intestinal barriers. This is achieved by inhibiting the release of inflammatory cytokines and the expression of TLR4-NF-κB in the lung, increasing the number of intestinal cuprocytes and increasing the secretion of sIgA and the expression of tight junction proteins. This improved the survival rate of mice infected with the influenza A virus H1N1 (Shi et al., 2022). Recent studies have found a close connection between GM and the antiviral effects of H. cordata Thunb. polysaccharides. The interaction between the two downregulates the migration of CCR6Th17/CCR6Treg cells from the intestinal mucosa-associated lymphoid tissues to the lung, which in turn regulates the Th17/Treg balance between the intestine and the lung. The Chinese botanical drug formulas Qingfeiyin decoction and Xuanbai-Chengqi decoction can also show better preventive and therapeutic effects on influenza A virus by remodeling flora homeostasis and inflammatory signaling pathways such as MAPK, TNFα, JAK-STAT and TLR7/MyD88/NF-кB downregulate (Huo et al., 2022; Li S. et al., 2022).
TCMs regulate MGL interactions through multiple mechanisms, including the modulation of the GM and its metabolites, repair of the intestinal mucosal barrier, immune regulation, and modulation of inflammatory signaling pathways (Figure 5). While this field of study is still in its early stages, it holds great importance in deepening our understanding of the role of TCMs in regulating microbial homeostasis in the intestines and lungs, as well as in the treatment of related diseases.
[image: Diagram illustrating the influence of traditional Chinese medicines (TCMs) on gut and lung health. It shows TCMs affecting gut microbiota, impacting inflammatory pathways like TNF-alpha and IL-1-beta, with subsequent effects on lung diseases by restoring microecological balance, inhibiting inflammation, and regulating immunity.]FIGURE 5 | Mechanisms of microbiota-gut-lung axis regulation by traditional Chinese medicines.
To sum up, TCMs modulate the GM and affects the functions of the gut-brain axis, gut-liver axis and gut-lung axis, thereby improving the body’s health at multiple levels. This holistic treatment concept emphasizes the importance of the GM in maintaining physiological balance and treating disease processes. With the in-depth study of GM in modern medicine, the application prospects of TCM in this field have become increasingly broad, providing modern medicine with new ideas and methods to deal with increasingly complex health challenges.
5 DISCUSSION AND PERSPECTIVES
The exploration of the modulatory effects of TCMs on the GM and the Microbiota-Gut-X Axis is a captivating field with significant implications. The GM’s diverse roles in promoting health, and the emerging concept of the gut-organ axis, provide a rich backdrop for understanding the potential of TCMs (Sun et al., 2023).
The evidence presented in this review highlighting the efficacy of TCMs in regulating the gastrointestinal system and their possible connections with the GM is encouraging. However, it is important to recognize the limitations. One limitation is the complexity and heterogeneity of TCM formulations, which make it challenging to precisely attribute specific effects to individual components (Luo et al., 2021; Zhou et al., 2021). Additionally, the lack of standardized methods for studying TCM-GM interactions can lead to inconsistent results (Yang et al., 2022).
Future research needs and priorities should focus on several key areas. Firstly, more in-depth mechanistic studies are required to comprehensively understand how TCMs interact with the GM and the Microbiota-Gut-X Axis. This may involve advanced molecular and cellular techniques. Secondly, large-scale clinical trials with well-defined endpoints are essential to validate the therapeutic potential of TCMs in modulating the GM and its impact on various diseases. Longitudinal studies to monitor the long-term effects and stability of these modulations would also be valuable. Furthermore, integrating TCMs with modern omics technologies, such as metagenomics and metabolomics, can provide a more holistic understanding of their effects. Exploring the potential synergies or antagonisms between TCMs and other therapeutic modalities, such as probiotics or dietary interventions, is another important area for future exploration.
In terms of perspectives, the continued growth and understanding in this field hold great promise. The potential of TCMs to offer novel therapeutic approaches for various disorders related to the GM and the Microbiota-Gut-X Axis is an exciting prospect. However, interdisciplinary collaboration and rigorous scientific investigation will be crucial to unlocking the full potential and ensuring the validity and reliability of findings.
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Introduction: Systematic collection of diverse adverse events during herbal medicine administration is crucial. The Korea Adverse Event Reporting System (KAERS) compiles spontaneously reported adverse event data for medicinal products including herbal medicines. This study focused on extracting and analyzing adverse event data specifically related to herbal medicine products from the KAERS database.Methods: Individual case safety reports (ICSRs) encompassing 84 types of herbal medicine products, identified by item codes from 2012 to 2021, were extracted from the KAERS database. Descriptive statistics were employed to analyze the characteristics of the extracted reports, and adverse event information was systematically categorized and analyzed based on the MedDRA System Organ Class and preferred term classification.Results: In total, 1,054 ICSRs were extracted, with some documenting multiple adverse events in a single ICSR, resulting in 1,629 extracted adverse events. When categorized by the MedDRA System Organ Class, gastrointestinal disorders were the most prevalent (28.7%), followed by skin and subcutaneous tissue disorders (20.1%). Based on the preferred terms, the most frequently reported adverse events were diarrhea (5.8%), urticaria (5.3%), pruritus (4.7%), rash (4.4%), and abdominal discomfort (4.2%). The most frequently reported herbal medicines were Bangpungtongseong-san (297 cases), Kyeongok-go (144 cases), and Eunkyo-san (108 cases).Conclusion: Spontaneously reported adverse events associated with herbal medicine products were systematically documented using the KAERS database. This study, which focused on voluntarily reported adverse reactions, underscores the need for additional research to estimate the incidence rate of adverse events and assess causality.Keywords: adverse drug reaction reporting systems, adverse effects, drug-related side effects and adverse reactions, herbal medicine, KAERS DB, pharmacovigilance
1 INTRODUCTION
Herbal medicine occupies a prominent position in traditional and complementary medical practices, encompassing Traditional East Asian Medicine (TEAM) and Ayurveda, and has been extensively employed to address various health conditions (World Health Organization, 2019). Despite the global perception that herbal medicines are safe owing to their natural origin and historical use, vigilant monitoring is necessary for adverse effects akin to other pharmaceuticals (Zhang et al., 2012; Choudhury et al., 2023). As a strategy for advancing traditional medicine, the World Health Organization (WHO) underscored the importance of providing evidence regarding the safety of herbal medicines through pharmacovigilance monitoring systems (World Health Organization, 2013). Countries affiliated with TEAM, such as China, Korea, Japan, and Taiwan, have implemented regulations concerning herbal medicines and monitored adverse events under pharmacovigilance systems for both synthetic medicines and herbal products (Kimura et al., 2011; Park et al., 2012; Zhang et al., 2012).
In Korea, the Korea Adverse Event Reporting System (KAERS) was established to systematically collect adverse reactions associated with pharmaceutical use (Shin et al., 2014). Initiated in 1988 by the Korea Ministry of Food and Drug Safety (MFDS) and jointly overseen by the Korea Institute of Drug Safety and Risk Management since 2012, KAERS facilitates the reporting and management of adverse cases through a computerized system. Reports of adverse drug reactions are accepted from pharmaceutical companies, healthcare professionals, and consumers. Since its inception in 1989 with 13 reported cases, this reporting system was stabilized in the 2000s. From 2010 onwards, there was a significant increase in reported cases, leading to the successful establishment of a pharmacovigilance system (Kang et al., 2017). In 2020, there were 259,089 reported cases, and in 2021, with adverse reactions to COVID-19 vaccines, the total reached 539,441 cases (Ministry of Food and Drug Safety, 2023). Adverse drug reaction cases for licensed herbal medicine products (HMPs) authorized by the Korea MFDS can also be reported through the KAERS (Woo et al., 2014). Since 2014, there have been 27 regional pharmacovigilance centers to collect adverse event data, and in 2020, an additional regional pharmacovigilance center specifically focused on HMPs was established, making it a total of 28 centers (Korea Institute of Drug Safety and Risk Management, 2024). However, it is important to note that the KAERS, like other spontaneous reporting systems, has inherent limitations. Only observed adverse events are registered, resulting in underreporting and reporting bias, which requires proper interpretation of data from the KAERS and other spontaneous reporting systems (Noguchi et al., 2021).
Globally, adverse events associated with herbal medicines have been documented in spontaneous adverse event databases. The WHO receives reports on adverse reactions to herbal medicines and establishes guidelines for monitoring their safety (World Health Organization, 2004). An expert survey revealed that countries throughout Asia, Europe, Africa, and America include herbal medicines in their adverse event spontaneous reporting systems with varying approaches to managing different types of herbal medicines (Kim et al., 2021b). Several studies based on these pharmacovigilance system databases have been published. For instance, a study has focused on hepatobiliary disorders linked to herbal medicine, utilizing the WHO global database Vigibase (van Hunsel et al., 2019). Other studies have conducted comparative analyses of adverse event reports between Chinese and Western medicines, relying on the Chinese Spontaneous Reporting Database (Wei et al., 2022). In Japan, studies have estimated the incidence of adverse drug reactions related to Kampo medicine based on data from the Japanese Adverse Drug Event Database (Shimada et al., 2019; Arai et al., 2020; Uneda et al., 2024). Additionally, research has been conducted on adverse events associated with herbal medicines using Taiwan’s Adverse Drug Reaction Reporting System for Herbal Medicine (Chang et al., 2021).
Despite this wealth of information, there is currently no literature on adverse event reports associated with herbal medicines in Korea based on the Korean spontaneous adverse event database. According to a study on adverse events attributed to traditional Korean medicine practices, only eight adverse events related to HMPs were reported to Korea’s pharmacovigilance system before 2010 (Shin et al., 2013) Since the stabilization of Korea’s pharmacovigilance system, there has been no comprehensive research analyzing adverse event related to HMPs using the KAERS database. Given the significant use of TEAM, including herbal medicines, within the national healthcare system in Korea, this study aimed to fill this gap by focusing on the extraction and analysis of adverse event data specifically related to HMPs from the KAERS database from 2012 to 2021.
2 MATERIALS AND METHODS
2.1 Data sources
The Korea Institute of Drug Safety and Risk Management (KIDS) is currently developing a KAERS database by standardizing codes for pharmaceutical and adverse event information and creating a format suitable for analytical procedures. We acquired data from the KIDS KAERS database, specifically focusing on individual case safety reports (ICSRs) encompassing 84 types of HMPs from 2012 to 2021 (Data No. 2205A0042).
Each ICSR was comprised of basic information, adverse event information, pharmaceutical information, and causality assessment results. Basic information included the report year, report type (voluntary reporting, reporting in trials/research), original reporter (doctors, pharmacists, other medical professionals, and consumers), reporter (pharmaceutical company, regulatory authority, hospital/pharmacies, regional drug safety center, and consumers), and demographic information of the patients (age and sex). Adverse events were coded using the Medical Dictionary for Regulatory Activities (MedDRA) lowest-level term. The reported adverse events were categorized into System Organ Classes (SOCs) and preferred terms (PTs) using MedDRA version 26.0. Additionally, the start date and end date of the adverse event, and outcomes of adverse events (recovered or resolved, recovering or resolving, not recovered or not resolved, recovered or resolved with sequelae, or fatal) were also recorded. For each adverse event, it was also reported whether it corresponded to serious adverse events, including death, life-threatening conditions, initial or prolonged hospitalization, and other important medical events. Pharmaceutical information included the type of medicine (suspected drug, concomitant drug, or interacting drug), product codes, and ingredient codes provided by the Korean MFDS. Details regarding actions taken with the medicine (drug withdrawn, dose reduced, dose not changed, or not applicable) and the start and end dates of administration were also included. Causality assessment information was provided for each adverse event and drug combination, with causality categorized as certain, probable/likely, possible, unlikely, conditional/unclassified, or unassessable/unclassifiable.
2.2 Herbal medicine products
This study focused on 84 frequently used HMPs selected from among the 134 licensed HMPs currently produced in Korea (Korea Pharmaceutical and Bio-Pharma Manufacturers Association, 2023). These 84 HMPs were chosen based on four criteria: national health insurance coverage, high production volume, classification as basic herbal medicine formula in standard textbooks, and frequency of use in TEAM. We included only licensed HMPs approved by the Korean MFDS for use as pharmaceuticals, as the KAERS databases only collects ICSRS for approved, licensed drugs. Consequently, individualized herbal preparations from Korean medicine clinics of hospitals, as well as herbal dietary supplements or functional foods, were excluded from this study. The complete list of selected HMPs is provided in Supplementary Table S1.
2.3 Inclusion criteria for analysis
This study included ICSRs involving at least one HMP from a list of 84 HMPs in Korea. ICSRs involving HMPs as suspected drugs and those involving HMPs as concomitant or interacting drugs were also included. Each ICSR included multiple adverse events and drugs. Regarding adverse event information, all reported adverse events in the included ICSRs were analyzed. Regarding pharmaceutical information, all 84 HMPs reported in the included ICSRs were analyzed. The causality assessment results were included for the combination of adverse events and 84 HMPs.
2.4 Critical adverse events
Based on previous studies on adverse events associated with herbal medicine (Arai et al., 2020; Chino et al., 2020), critical adverse events were defined as hepatobiliary adverse drug reactions, pulmonary adverse drug reactions, anaphylactic responses, and pseudoaldosteronism. To investigate adverse events in these four areas, for hepatobiliary adverse drug reaction, we identified adverse events that fell under the SOC of “Hepatobiliary disorders” (van Hunsel et al., 2019) or the High-Level Group Term (HLGT) of “Hepatobiliary investigations.” For pulmonary adverse drug reactions, we included cases where the reported SOC was “Respiratory, thoracic and mediastinal disorders” or the High-Level Term (HLT) was “Lower respiratory tract and lung infections.” To exclude upper respiratory tract disorders, we excluded cases where the HLGT was “Upper respiratory tract disorders (excl infections)” or the HLT was “Nasal congestion and inflammations,” “Nasal disorders NEC,” “Pharyngeal disorders (excl infections and neoplasms),” or “Upper respiratory tract signs and symptoms.” For anaphylactic responses, we extracted cases where the reported HLT was “Anaphylactic and anaphylactoid responses.” For pseudoaldosteronism, we extracted cases in which the PT showed pseudoaldosteronism, blood potassium decrease, or hypokalemia (Ishida et al., 2020; Uneda et al., 2024).
2.5 Data analysis
The ICSRs extracted from the KAERS database are provided in tables in ASCII format containing basic information, adverse event information, pharmaceutical information, and causality assessment results. Each table includes a randomly generated reporting number called “KARES_NO” as a connecting key across tables. Data were processed using the tidyverse package (Wickham et al., 2019) in R (version 4.2.3) (R Core Team, 2013), and frequencies and percentages were presented for each category. To compare the demographics of safety reports between serious adverse events and non-serious adverse events, odds ratios and 95% confidence intervals were calculated for serious adverse event reporting versus not serious adverse events between two groups (≥65 years vs. <64 years, and female vs. male) (Noguchi and Yoshimura, 2024). Additionally, for the 15 most frequently reported adverse events related to HMPs, a disproportionality analysis was conducted to compare the number of reported adverse events associated with HMPs and the total number of corresponding adverse events reported in Korea during the study period. This analysis method is used for signal detection purposes in spontaneously reported adverse events, and proportional reporting ratio (PRR), reporting odds ratio (ROR), and Information component (IC) were calculated for each adverse event (Noguchi et al., 2021).
3 RESULTS
3.1 Basic information of the ICSRs
A total of 1,054 ICSRs related to 84 HMPs were extracted from the KAERS database for the period from 2012 to 2021 (10 years). The annual number of ICSRs from 2012 to 2021 is presented in Figure 1 along with the percentage of total ICSRs reported annually by the MFDS (Korea Ministry of Food and Drug Safety, 2023). Until 2018, the number of ICSRs related to HMPs was generally less than 100. However, after 2019, there was a noticeable increase, exceeding 137 cases. The percentage of ICSRs associated with HMPs among the total ICSRs remained relatively consistent, ranging from 0.03% to 0.09%.
[image: Stacked bar chart showing the number of Individual Case Safety Reports (ICSRs) from 2012 to 2021, categorized by gender: male (red), female (blue), and unknown (gray). Reports increase over time, with females consistently having more reports than males and unknown. Numbers shown include total ICSRs per year and percentage of total.]FIGURE 1 | Annual number of individual case safety reports associated with licensed herbal medicine products in Korea. The percentages below each year represent the proportion of individual case safety reports associated with licensed herbal medicine products out of the total individual case safety reports.
Table 1 summarizes basic information of the 1,054 ICSRs, including details about the reporters and demographics of patients experiencing adverse drug reactions. The original reporter referred to a person who first became aware of an adverse event and reported it. Pharmacists accounted for the highest percentage (44.6%), followed by consumers (28.2%) and doctors (13.1%). Regarding the demographics of patients experiencing adverse reactions, 56.5% were aged 19–65 years, and the number of reports by women was more than twice than by men. Among the 1,054 ICSRs, 580 (55%) involved the consumption of HMP alone, whereas 474 (45%) involved the concurrent use of other medications along with HMP.
TABLE 1 | Basic information of 1,054 safety reports associated with herbal medicine products.
[image: Chart detailing report information and patient demographics. Original reporters include pharmacists (44.6%) and consumers (28.2%). Reporters often are regional pharmacovigilance centers (44.5%). Voluntary reports comprise 90.1% of report types. Regarding age, 76.9% are 19-64 years while 69.7% are female. Herbal medicine only was used by 55% of patients. Missing data is noted for age and sex.]3.2 Characteristics of reported adverse events
Because some of the 1,054 ICSRs included multiple adverse events, 1,629 adverse events were included in the analysis. The classification of the 1,629 reported adverse events by SOC is presented in Table 2. Gastrointestinal disorders were the most frequently reported (28.7%), followed by skin and subcutaneous tissue disorders (20.1%) and nervous system disorders (11.4%). The number of adverse events at the HLGT level for each SOC is shown in Supplementary Table S2. Based on the PT in MedDRA, Table 3 presents a list of the 15 most frequently reported adverse events and the results of the disproportionality analysis. Notably, within gastrointestinal disorders, diarrhea, abdominal discomfort, dyspepsia, nausea, abdominal pain, vomiting, dry mouth, and constipation were commonly reported. Urticaria, pruritus, rash, and angioedema are frequently reported skin and subcutaneous tissue disorders. Insomnia is notable in the subcategories of psychiatric disorders, whereas dizziness, headaches, and somnolence are frequently reported in nervous system disorders. According to the results of the disproportionality analysis, adverse events that were reported more frequently with HMPs compared to all other drugs (PRR ≥2, χ2 ≥ 4, ROR ≥2, and IC025 > 0) included abdominal discomfort, insomnia, and palpitations (Table 3).
TABLE 2 | Characteristics of 1,629 adverse events.
[image: Table listing adverse events classified by system organ class and their occurrence rates. Gastrointestinal disorders are highest at 467 cases (28.7%), followed by skin and subcutaneous tissue disorders at 327 cases (20.1%). Other categories include nervous system, general disorders, and more. Duration of adverse events is categorized, with the majority missing (82.7%). Results indicate 34.9% recovered, 6.6% recovering, 49.7% unknown, and others varied. Notes explain additional specific investigations.]TABLE 3 | The 15 most frequently reported adverse events and results of disproportionality analysis.
[image: Table listing adverse events by system organ class, preferred term, with corresponding statistics: number and percentage, PRR, ROR, IC025, and χ² values. Data includes gastrointestinal, skin, psychiatric, nervous, and cardiac disorders. Abbreviations include ALT and AST.]The duration of the adverse events was calculated by subtracting the end date of the adverse event from the start date. However, approximately 82.7% of the duration data was missing. Among the available data, the most frequently reported duration was 1 day. The results of adverse events were also reported, with approximately half (49.7%) categorized as unknown. Following this, 34.9% were reported as recovered, and 6.6% were in the process of recovery.
3.3 Serious adverse events
Serious adverse events, including death, life-threatening conditions, initial or prolonged hospitalization, and other important medical events, were individually evaluated for each reported adverse event. Out of the 1,054 ICSRs, 48 (4.6%) included one or more serious adverse events (four ICSRs were identified with duplicate labels spanning two serious adverse event categories). Further, among the 1,629 adverse events, 99 (6.1%) were identified as serious adverse events (Table 4). Two cases of death were reported, with causality categorized as unknown or unlikely. Regarding life-threatening conditions, three cases of dyspnea, nausea, and dizziness have been reported, all of which resulted in recovery. Thirty-one cases of initial or prolonged hospitalization have been reported. Among the adverse events associated with hospitalization (51 events in total, considering the multiple events reported in one ICSR with hospitalization), increased aspartate aminotransferase and alanine aminotransferase levels were the most frequent (7 cases each), followed by dyspnea (3 cases), liver function test abnormal (2 cases), nausea (2 cases), and rash (2 cases). Sixteen cases of other important medical events were reported, and among 43 related events, dyspnea (5 cases), angioedema (4 cases), urticaria (4 cases), anaphylactic reaction (3 cases), chest discomfort (2 cases), and dizziness (2 cases) were frequently reported (Supplementary Table S3).
TABLE 4 | Characteristics of 48 safety reports including 99 adverse events reported as serious adverse events.
[image: Table showing patient demographics and adverse event classifications for 48 Individual Case Safety Reports (ICSRs). Age distribution highlights 75.6% of cases were in the 19-64 age group. Sex distribution shows 64.6% were female. Serious adverse events include hospitalization (64.6%) and important medical events (33.3%). Adverse events by system organ class reveal skin and tissue disorders at 19.2%, followed by investigations and respiratory disorders. Three patients had missing age data. An ICSR may classify into more than two categories.]The age and gender distribution of ICSRs between reports including serious adverse events and the other reports were compared (Supplementary Table S4). There was no significant difference in the odds of reporting serious adverse events based on age (≥65 years vs. <64 years, odds ratio [OR] 0.98, 95% confidence interval [CI] 0.46–2.09) or gender (female vs. male, OR 0.78, 95% CI 0.43–1.44).
3.4 Herbal medicine products and associated adverse events
Among the 1,054 ICSRs, some included multiple HMPs, resulting in 1,105 reported instances of HMPs. Among these, 913 cases (82.6%) were reported as suspected medicines and 192 cases (17.4%) were reported as concomitant medicines. None of the HMPs were classified as an interacting drug (Table 5). Duration of use was calculated by subtracting the end date of administration from the start date. The majority (68.1%) had missing data, and 145 cases (13.1%) were recorded for a duration of 1 day or less. Regarding the action taken for HMPs, drug withdrawal was the most common, accounting for 494 cases (44.7%), and cases where the action taken was not reported amounted to 357 cases (32.3%).
TABLE 5 | Characteristics of 1,105 reported licensed herbal medicine products.
[image: Table displaying data on drug causality, administration period, and action taken. Causality: suspected drug 82.6%, concomitant 17.4%, interacting 0%. Administration: most common duration is missing (68.1%), up to 1 day (13.1%). Actions: drug withdrawn 44.7%, missing data 32.3%.]The most frequently reported HMPs were Bangpungtongseong-san (297 cases, 26.9%), Kyeongok-go (144 cases, 13.0%), and Eunkyo-san (108 cases, 9.8%). The compositions of these HMPs are provided in Supplementary Table S5. Table 6 lists the 15 most frequently reported HMPs and their associated ICSR numbers. Additionally, the production ranking of each HMP among the 134 HMPs in Korea is provided for reference.
TABLE 6 | The 15 most frequently reported licensed herbal medicine products and their production amount ranking.
[image: Table listing licensed herbal medicine products with their corresponding numbers and percentages in a column labeled "n (%)". The adjacent column shows their production amount ranking. Medicines include Bangpungtongseng-san, Kyeongok-go, and Eunkyo-san among others. Rankings range from one to thirteen, with some entries missing a ranking. Herbal medicine names are also provided in Chinese or Japanese.]In Bangpungtongseong-san, the commonly reported adverse events included insomnia (n = 39), abdominal discomfort (n = 34), headache (n = 27), diarrhea (n = 23), palpitations (n = 21), dry mouth (n = 19), and abdominal pain (n = 16). In Kyeongok-go, the most frequently reported adverse events were diarrhea (n = 31), abdominal discomfort (n = 16), urticaria (n = 13), dyspepsia (n = 12), abdominal pain (n = 11), and rash (n = 11). Commonly reported adverse events of Eunkyo-san included urticaria (n = 12), pruritus (n = 20), rash (n = 20), angioedema (n = 12), and dyspnea (n = 9).
In evaluating the ranking based on the production amounts of HMPs, Uhwangchungsim-won secured the top position (4th in frequently reported adverse events), whereas Bangpungtongseong-san claimed the sixth spot (1st in frequently reported adverse events). Notably, 12 of the 15 most frequently reported HMPs were among the top 15 in the ranking of production amounts.
HMPs associated with serious adverse events, as detailed in above Section 3.3, include Eunkyo-san (24 cases), Bangpungtongseong-san (12 cases), Ssanghwa-tang (12 cases), Sogunjung-tang (9 cases), Kyeongok-go (8 cases), and Uhwangchungsim-won (7 cases). All six HMPs were consistently present in the top 15 most frequently reported HMPs associated with overall adverse events.
3.5 Causality assessment results
Among the 1,054 ICSRs, there were 2,884 instances in which the causality assessment results were available for each combination of HMP and adverse events. Among these, 1,099 were related to HMPs, whereas the remaining 1,785 pertained to concurrently administered medications other than HMPs. Causality assessment results and frequent HMP-adverse event combinations are presented in Table 7. Regarding HMP-related cases, the highest number of cases was categorized as possible (n = 616, 56.1%), followed by probable/likely (n = 161, 14.6%).
TABLE 7 | Causality assessment results for 1,099 combinations of licensed herbal medicine products and adverse events.
[image: Table displaying causality assessments with cases and the most frequent herbal medicine product-adverse event combinations. Categories include:   - Certain: 27 cases (2.5%), with combinations like Jayakygamcho-tang causing constipation and Banggwiihanggi-tang causing dry mouth. - Probable/likely: 161 cases (14.6%), including Eunkyo-san causing urticaria. - Possible: 616 cases (56.1%), such as Bangpungtongsong-san leading to insomnia. - Unlikely: 132 cases (12.0%), with Bangpungtongsong-san causing dry mouth. - Conditional/unclassified: 19 cases (1.7%). - Unassessable/unclassifiable: 138 cases (12.6%). - Not applicable: 6 cases (0.5%).]3.6 Critical adverse events: hepatobiliary, pulmonary, anaphylactic, and pseudoaldosteronism
Among the total reported 1,629 adverse events, we examined those related to hepatobiliary, pulmonary, anaphylactic, and pseudoaldosteronism separately (Table 8). In terms of hepatobiliary adverse events, 53 cases were identified and reported in 30 ICSRs. The most frequently reported events were increases in alanine aminotransferase and aspartate aminotransferase levels, accounting for 21 cases each, and were often reported concurrently in the same ICSR. Regarding pulmonary adverse events, 44 cases were identified and reported in 43 ICSRs. The most frequently reported events were dyspnea (28 cases) and cough (8 cases). Regarding anaphylactic responses, 9 events were reported in 9 ICSRs. No cases of pseudoaldosteronism were observed in this study.
TABLE 8 | Hepatobiliary, pulmonary, and anaphylactic adverse events.
[image: Table showing adverse event reports categorized by system organ class, high-level group term, preferred term, and number of cases (N). Categories include hepatobiliary disorders, pulmonary disorders, and anaphylactic responses, among others, with specific terms like dyspnoea, cough, and anaphylactic reaction. Age and gender distribution is also noted for each category.]4 DISCUSSION
Descriptive analyses of adverse events associated with HMPs, as reported by the KAERS from 2012 to 2021, provide valuable insights into the safety profiles of these products. During the study period, 1,054 ICSRs were extracted, encompassing 1,629 adverse events associated with 84 HMPs. Considering that the total number of ICSRs related to pharmaceuticals reported by the KAERS during the same period was 2,457,727 (Ministry of Food and Drug Safety, 2023), the 1,054 ICSRs accounted for only 0.04% of the total. As of 2021, South Korea has 20,757 pharmaceutical products, with a total production amount of 16.23 billion USD. Among these, HMPs comprise 134 types and 645 items (3.1%), contributing 1.21 billion USD (0.7%) to the total production amount (Korea Pharmaceutical and Bio-Pharma Manufacturers Association, 2023). In this context, “types” refer to different herbal medicine formulas, such as Bangpungtongseong-san, Kyeongok-go, and Eunkyo-san, while “items” refer to individual HMP manufactured by pharmaceutical companies based on these herbal medicine formulas. When considering the proportion of HMPs in the overall pharmaceutical landscape, in terms of the number of items and production amount, the 0.04% figure for adverse events associated with HMPs, compared to total adverse events, was deemed a very low percentage.
In China, Japan, and Taiwan, where similar herbal medicines are used under TEAM, China accounts for 13.4% (Song et al., 2023), Japan for 0.5% (Ito, 2016), and Taiwan for 1.7% (Chang et al., 2021) of adverse events related to herbal medicines compared to overall pharmaceutical adverse events. Compared to other countries, the rate of HMP-related adverse events in Korea appears to be relatively low. Despite the use of similar herbal medicine formulas, variations in the healthcare environment and market size of herbal medicines may contribute to differences in the occurrence and reporting of HMP-related adverse events. Nevertheless, the notably low proportion of HMP-related adverse events in Korea warrants an in-depth investigation into underlying causes. Potential factors include a lack of awareness in reporting adverse events occurring after herbal medicine administration and the existence of distribution channels for herbal medicines that operate outside pharmacovigilance systems (Choudhury et al., 2023), which may lead to underreporting of adverse events.
In the analyzed 1,054 ICSRs, pharmacists were the primary original reporters (44.6%), followed by consumers (28.2%) and doctors (13.1%). This distribution differs from the overall ICSRs in Korea, where nurses constitute the majority of original reporters at 47.3% (Korea Institute of Drug Safety and Risk Management, 2018). With Korea’s 28 regional pharmacovigilance centers being hospital-centered (Kang et al., 2017), hospital nurses often play a significant role in reporting adverse events. In contrast, for HMPs commonly sold as over-the-counter medications, it is speculated that pharmacists or consumers represent a higher proportion of original reporters. In traditional Korean medicine hospitals and clinics, herbal medicines prepared at individual medical institutes are more frequently utilized (National Institute for Korean Medicine Development, 2023). These herbal medicines, which are prepared at local medical institutes outside the pharmacovigilance system, may contribute to a lower proportion of doctors and other medical professionals as the original reporters of ICSRs.
The demographics of patients who reported adverse events related to HMPs closely mirrored those of patients who used traditional Korean medicine. According to a 2016 survey on the utilization of traditional Korean medicine (National Institute for Korean Medicine Development, 2018), 71.3% of patients were aged 20%–64% and 21.1% were 65 years or older. Similarly, in this study, 76.9% of patients experiencing adverse events were aged 19%–64% and 20.3% were 65 years or older. In terms of sex, the distribution of patients reporting adverse events showed a slight shift, with 30.3% being male and 69.7% female. This aligns with the demographic distribution of traditional Korean medicine users, where 42.5% are male and 57.5% are female (National Institute for Korean Medicine Development, 2018). In the Taiwan study, there was a higher prevalence in the age groups of 36–65 years (56.4%) and 65 or older (20.8%), with a majority being females (66.7%) (Chang et al., 2021), which is consistent with the results of this study. This suggests that the middle-aged to older population, particularly females, who frequently use herbal medicine, also experience a significant number of adverse events related to herbal medicine.
The most frequently reported SOC was gastrointestinal disorders (28.7%), followed by skin and subcutaneous tissue disorders (20.1%). At the PT level, the highest frequencies were observed for diarrhea (5.8%), urticaria (5.3%), and pruritus (4.7%). According to the results of the disproportionality analysis, adverse events that were reported more frequently with HMPs compared to all other drugs included abdominal discomfort, insomnia, and palpitations. These findings suggest that certain adverse events, such as abdominal discomfort, insomnia, and palpitations, may be more specifically associated with HMPs compared to other pharmaceuticals. These findings, specific to herbal medicines, differ slightly from the overall pharmacovigilance data for all pharmaceuticals; as of 2017, the most frequent adverse events were nausea (16.3%), pruritus (11.0%), vomiting (7.6%), urticaria (7.5%), and dizziness (7.2%) (Korea Institute of Drug Safety and Risk Management, 2021). A study based on the Adverse Event Database in Taiwan (Chang et al., 2021) revealed similar results regarding herbal medicine-related adverse events, with gastrointestinal disorders (33.4%) and skin and subcutaneous tissue disorders (21.2%) being the most prevalent. Furthermore, analysis of the WHO database, VigiBase, revealed that ICSRs related to traditional medicines, particularly those associated with the SOC of skin and subcutaneous tissue disorders, constituted 19.9%. Related symptoms, including pruritus, rash, and urticaria, were consistent with those observed in our study (Barvaliya et al., 2023), underscoring the significance of skin and subcutaneous tissue disorders in herbal medicine-related adverse events.
Conversely, the frequency order of SOCs for adverse events related to HMPs reported in the Japanese Adverse Drug Event Report database differed from those in Korea and Taiwan. According to the Japanese database (Shimodaira et al., 2014), the most frequent SOCs were hepatobiliary disorders (34%); respiratory, thoracic and mediastinal disorders (26%); metabolism and nutrition disorders (9%); endocrine disorders (5%); and skin and subcutaneous tissue disorders (4%). Adverse events under hepatobiliary disorders were very rare in Korea (0.3%) and Taiwan (4.3%), while those under respiratory, thoracic, and mediastinal disorders were minimal in Korea (3.9%) and Taiwan (5.2%). Despite the use of herbal medicines similar to those used in TEAM, the types of reported adverse events exhibited distinct patterns. This may be attributed to the fact that adverse event reporting in Korea is primarily based on over-the-counter HMPs, whereas in Japan, adverse events are primarily reported for prescription drugs (Shimada et al., 2017; 2019). Most cases reported in Korea and Taiwan predominantly involved mild gastrointestinal and skin-related symptoms, whereas in Japan, there is a higher prevalence of hepatobiliary and pulmonary disorders.
Korea, China, Japan, and Taiwan use similar herbal medicines under the TEAM framework. We compared 20 HMPs with a high frequency of adverse event reports with results from Japan and Taiwan. Seven HMPs, Jakyakgamcho-tang, Bangpungtongsung-san, Galgeuntang, Banhasasim-tang, Bojungikgi-tang, Maekmundong-tang, and Socheongryong-tang, were commonly included in the Japanese data (Shimada et al., 2019). Four HMPs, Socheongryong-tang, Banhasasim-tang, Cheonwangbosimdan, and Galgeuntang, were commonly included in the Taiwanese data (Chang et al., 2021). Among these, three HMPs, Galgeuntang, Socheongryong-tang, and Banhasasim-tang, were commonly associated with a high frequency of adverse event reports in Korea, Taiwan, and Japan. It is not appropriate to conclude that these HMPs cause more adverse events than the other HMPs. Instead, it is reasonable to interpret that HMPs are commonly used across these regions, leading to a higher frequency of adverse event reports.
Among the 84 HMPs, Bangpungtongseong-san, which ranked sixth in terms of production amount, had the highest number of reported adverse events (297 cases). Analysis of data from the Japanese Adverse Event Reporting Database revealed that the most commonly reported herbal medicine was Bangpungtongseong-san (Bofu-tsusho-san in Japanese) (Ito, 2016; Shimada et al., 2019). Bangpungtongseong-san is one of the herbal medicines most frequently associated with adverse reactions in Korea and Japan. In a separate Japanese study, the estimated incidences of liver disorders related to Bangpungtongseong-san was 7.44 per 100,000 patients and that of pseudoaldosteronism was estimated to be 0.30 per 100,000 patients (Arai et al., 2020). Although commonly reported side effects of Bangpungtongseong-san include insomnia, abdominal discomfort, headache, and diarrhea, the prevalence of adverse hepatobiliary events is particularly noteworthy. An analysis of Japanese adverse event reporting data indicated a significant odds ratio for liver injury associated with Bangpungtongseong-san (Ishida et al., 2022). Therefore, when prescribing or consuming Bangpungtongseong-san, careful consideration of its potential side effects, particularly those related to hepatobiliary function, is crucial.
This study has several limitations. First, the analyzed data were based on voluntary reports of adverse events, introducing the possibility of underreporting. Furthermore, due to the nature of the spontaneous reporting system, we relied on the cases reported as “serious adverse events” in the ICSRS without modification, even if some of these events may not strictly meet the definition. Additionally, ICSRs had insufficient information to evaluate the causal relationship between HMPs and adverse reactions, and often lacked detailed information about the patients’ underlying diseases and their associated clinical manifestations. Therefore, the results of this study should be interpreted as preliminary and considered as suggestive rather than definitive information. Secondly, Korea’s adverse event reporting system focuses exclusively on pharmaceuticals authorized by the MFDS. Currently, there is no established system for reporting adverse events associated with herbal medicines prepared at local clinics or hospitals. Given the widespread use of both HMPs manufactured by pharmaceutical companies (28.5% utilization rate) and herbal medicines prepared at individual medical institutes (26.7% utilization rate) in Korea (National Institute for Korean Medicine Development, 2023), the KAERS database can only capture half of the adverse events associated with herbal medicines. This emphasizes the need for improvements in reporting systems to address these data coverage gaps. Third, there was a considerable amount of missing data in the ICSRs reports. For instance, there were notable gaps in the data related to the start and end dates of adverse events, actions taken concerning HMPs, and start and end dates of administration. To enhance the quality of adverse event reports related to herbal medicines, education on the importance of reporting, essential reporting elements, reporting methods, and methods for evaluating severity and causality is necessary (Kim et al., 2021a).
Despite the inherent limitations of relying on voluntary adverse reaction reports, this study provided useful insights into the landscape of herbal medicine-related adverse events in South Korea. Future research is required to estimate the incidence of adverse events and evaluate their causality. In addition, there is a pressing need to broaden the reporting system to include herbal medicines prepared by individual medical institutes.
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Introduction: Cancer prevention and treatment, particularly lung cancer, remain major healthcare challenges in Taiwan and globally. This study investigates factors and healthcare utilization patterns associated with adjunctive Chinese herbal medicine (CHM) therapy in non-small cell lung cancer (NSCLC) patients.Methods: Using Taiwan’s National Health Insurance Research Database and the Taiwan Cancer Registry, we conducted a retrospective cohort study of non-small cell lung cancer patients diagnosed between 2007 and 2013. Descriptive analysis, propensity score matching, and regression models were employed to assess CHM therapy utilization and its impact on emergency department visits and hospitalization days.Results: Among 43,122 non-small cell lung cancer patients, 5.76% received adjunctive CHM therapy, with the majority at stage IV cancer. Factors such as cancer stage, age, gender, marital status, education level, monthly salary, degree of urbanization, severity of comorbidity, comorbid diseases, hospital ownership, experience of using Chinese medicine, chemotherapy status, and years of diagnosis are significantly associated with whether NSCLC patients receive adjunctive CHM therapy. Patients receiving adjunctive CHM therapy for 181–365 days reduced emergency department visits by 16% (OR = 0.84, 95%CI: 0.74-0.95) and shortened hospitalization days by 17% (Ratio = 0.83, 95%CI: 0.75-0.91).Conclusion: Prolonged adjunctive CHM therapy, particularly for 181–365 days, is associated with decreased healthcare utilization among non-small cell lung cancer patients. These findings suggest a potential role for extended CHM therapy in managing NSCLC and warrant consideration by clinical teams.Keywords: non-small cell lung cancer, adjunctive Chinese medicine therapy, national health insurance research database, medical utilization, Chinese herbal medicine
INTRODUCTION
Cancer has been the leading cause of death among the Taiwanese population for 40 years now. In 2022, the cancer mortality rate was 222.7 per 100,000 population. The top three cancer mortality rates were (1) tracheal, bronchus, and lung cancer; (2) liver and intrahepatic bile duct cancer; and (3) colorectal and anal cancer (Ministry of Health and Welfare, 2023). In March 2021, the World Health Organization (WHO) reported that cancer was the leading cause of global deaths in 2020, resulting in nearly ten million deaths. The three most common types of cancer by incidence in the same year were breast cancer (2.26 million), lung cancer (2.21 million), and colorectal cancer (1.93 million). The top three cancers causing death were lung cancer (1.80 million), colorectal cancer (935,000), and liver cancer (830,000) (Cancer Organization, 2021). Looking at both Taiwan and globally, cancer prevention and treatment are major healthcare priorities, with lung cancer being particularly significant. The most common primary malignant tumor in the lungs is epithelial carcinoma, which can be broadly categorized into small cell lung carcinoma (SCLC) and non-small cell lung carcinoma (NSCLC). Non-small cell lung carcinoma accounts for approximately 85% of lung cancers. Histologically, it is divided into adenocarcinoma, squamous cell carcinoma (SCC), and large cell carcinoma (Medscape, 2021). The main treatment modalities include surgical resection, chemotherapy, radiation therapy, targeted therapy, and immunotherapy. Early-stage lung cancer often responds well to treatment, but the mortality rate remains high in advanced stages (Hirsch et al., 2017).
Cancer patients endure significant physical and psychological distress during the treatment process. The side effects of medications and the fear of cancer recurrence often diminish the effectiveness of treatments. As a result, cancer patients often seek alternative therapies in addition to conventional Western medicine. These may include acupuncture and moxibustion, qigong therapy, herbal medicine, dietary therapy, and other approaches that aim to alleviate symptoms and improve overall wellbeing. Complementary and Alternative Medicine (CAM) is embraced by some cancer patients, with research indicating that, on average, patients use one to two types of CAM, which can enhance their quality of life (Kuo et al., 2018). Given that Traditional Chinese Medicine (TCM) therapy is covered by Taiwan’s National Health Insurance, 62.5% of the population seeks Traditional Chinese Herbal Medicines (TCHM) as part of their treatment regimen (Chen et al., 2007). In today’s world, where Western medicine dominates, TCM is recognized as an important form of CAM. Of course, in many countries in Asia, TCM is one of the mainstream medical systems.
In 2009, a study conducted in Hong Kong surveyed 786 cancer patients regarding their use of TCM therapy. The study found that 57.1% of cancer patients utilized a combination of Chinese and Western medicine. Among patients undergoing chemotherapy, a higher proportion sought TCM therapy compared to those undergoing other forms of Western medical treatment (Lam et al., 2009). In 2018, a cross-sectional survey conducted in mainland China involving 590 cancer patients revealed that younger patients (aged less than 60) and those in the early stages of cancer significantly sought TCM therapy (Sun et al., 2018). In 2020, a study conducted in China involving 1950 cancer patients from the southern region examined the use of TCM therapy. The results indicated that cancer patients with higher levels of education (more than 12 years) tended to opt for TCM therapy. Among those who used TCM, 54.61% primarily used Chinese herbal medicine. Additionally, the majority of TCM users (54.51%) underwent treatment for more than 6 months (Xiong et al., 2020).
Previous studies on healthcare utilization among lung cancer patients have often focused on palliative care in the terminal stages, outpatient, inpatient, and intensive care unit (ICU) utilization rates, as well as the proportions of different treatment modalities. Research conducted in Australia on patients with advanced non-small cell lung cancer found that 83% sought palliative care and 82% sought psychosocial support care. However, seeking both types of care did not provide any survival benefit (Duggan et al., 2019). Research comparing healthcare utilization in the last 6 months of life between lung cancer patients and those with chronic obstructive pulmonary disease (COPD) found that COPD patients had higher rates of outpatient visits and ICU admissions, while lung cancer patients had higher utilization of palliative care (Au et al., 2006). American scholars have studied the healthcare utilization of terminally ill lung cancer patients and found that women are more likely than men to use hospitalization, nursing homes, home care, and end-of-life care (Shugarman et al., 2008). Research conducted in mainland China on lung cancer patients has shown an association between comorbidities and healthcare utilization. Comorbidities increase the annual outpatient and inpatient visits among lung cancer patients, increase the probability of choosing chemotherapy and radiotherapy, but decrease the probability of choosing surgery (Ding et al., 2020). Most studies using TCM and CHM in NSCLC were mainly based on survival analysis and treatment effect. The combined-treatment group had better physical function and role function than the Western medicine group at 6 months (p < 0.05) (Tang et al., 2016). The use of CHM as an adjunctive therapy may reduce the mortality hazard ratio of lung cancer patients (Li et al., 2018).
The above literature suggests that past studies on healthcare utilization among lung cancer patients have lacked discussion on the impact of adjunctive TCM therapy and on the research regarding emergency department visits and length of hospitalization. Emergency department utilization and length of hospitalization are important indicators of medical care. Previous studies have pointed out the factors that cancer patients tend to receive adjunctive TCM therapy, including those who have received chemotherapy, those under the age of 60, those with early-stage cancer, and those with higher education levels (Lam et al., 2009; Sun et al., 2018; Xiong et al., 2020). This study would like to explore the factors associated with NSCLC patients receiving adjunctive TCM treatments in Taiwan.
The purpose of this study is to investigate the factors influencing NSCLC patients' acceptance of adjunctive TCM therapy and to explore the difference in emergency medical utilization and length of hospitalization among NSCLC patients based on the duration of adjunctive TCM therapy.
MATERIALS AND METHODS
Data sources
This study adopted a retrospective study design. Data were sourced from the National Health Insurance research databases (NHIRD) from the Health and Welfare Data Science Center of the Ministry of Health and Welfare, covering the period from 2000 to 2018, as well as the Cancer Registry issued by the Health Promotion Administration, the Cause of Death Data issued by the Department of Statistics of the Ministry of Health and Welfare, and the Household Registration Database from the Ministry of the Interior. Currently, the national health insurance coverage rate in Taiwan is 99.82%, making it a representative evidence-based medical database.
Research participants
The inclusion criteria for the study participants were newly diagnosed NSCLC patients, obtained from the Cancer Registry from 2007 to 2013, with observation follow-up until the end of 2018. The lung cancer codes in the Cancer Registry are based on the International Classification of Diseases for Oncology third edition (ICD-O-3 code): C33∼C34. A total of 76,232 individuals were identified. Exclusion criteria were: (1) unclear cancer diagnosis date and time; (2) small cell carcinoma (ICD-O-3 codes: 8041, 8042, 8043, 8044, 8045); (3) in situ carcinoma/lung cancer stage 0; (4) unspecified stage; (5) prior history of other cancers before lung cancer diagnosis because this study focused on NSCLC; (6) age less than 20 years old; (7) no active treatment within 1 year, to avoid interference from patients who did not actively seek treatment; (8) unspecified level of the main treatment institution; (9) death within 3 months (90 days) of diagnosis, because it was impossible to track and observe. After exclusions, a total of 43,122 individuals were included in the study.
In order to mitigate the influence of individual characteristics, cancer stage, and disease severity on whether lung cancer patients received adjunctive TCHM therapy, this study employed Propensity Score Matching (PSM) at a ratio of 1:5, taking into account the different personal characteristics, socioeconomic status, comorbidities, and severity of cancer. The matching controlled for variables including cancer stage, gender, age, monthly income, education level, marital status, severity of comorbidity, medical history (diabetes, cirrhosis, renal failure, cerebrovascular disease, chronic obstructive pulmonary disease), cancer diagnosis year, and whether surgery was performed within 90 days. Precise matching was conducted for lung cancer patients who received adjunctive TCHM therapy and those who did not, based on cancer stage, gender, age, and severity of comorbidity. After matching, there were a total of 2,308 lung cancer patients who received adjunctive TCHM therapy and 11,540 lung cancer patients who did not, resulting in a total of 13,848 individuals included in the study analysis (Figure 1; Table 1).
[image: Flowchart illustrating the selection of lung cancer patients from a registry between 2007 and 2013. The initial group includes 76,232 patients, with exclusions based on specified criteria. The filtered group includes 43,122 patients diagnosed with NSCLC. Propensity score matching results in two groups: 2,308 with adjunctive TCM therapy and 11,540 without.]FIGURE 1 | Flow chart.
TABLE 1 | Descriptive analysis before and after matching whether patients with NSCLC receive adjunctive TCM therapy.
[image: Table displaying characteristics of patients receiving adjunctive Traditional Chinese Medicine (TCM) therapy pre- and post-matching, including variables such as cancer stage, age, gender, Charlson Comorbidity Index (CCI), recent surgery, marital status, education level, monthly salary, and various comorbidities. It details total numbers, percentages, and p-values for statistical significance, indicating differences between groups with and without TCM therapy.]Variable definition and explanation
The inclusion criteria for receiving adjunctive TCHM therapy were defined as follows: The first diagnosis code for lung cancer during the visit to a Chinese medicine practitioner must be lung cancer. Patients who used adjunctive TCHM therapy for less than 30 days within 1 year after diagnosis were defined as non-users of adjunctive TCHM therapy, while those who used adjunctive TCHM therapy for 30 days or more within 1 year after diagnosis were defined as users (Lin et al., 2015). Subsequently, the use of adjunctive TCHM therapy within 1 year after diagnosis was further divided into three groups: <30 days, 30–180 days, and 181–365 days. The experience of using Chinese medicine referred to whether patients had visited a Chinese medicine department in the 2 years before being diagnosed with NSCLC. Emergency department utilization by patients referred to whether NSCLC patients visited the emergency department within 1 year after diagnosis. The total number of hospitalization days for patients referred to the total number of hospitalization days within 1 year after diagnosis of NSCLC. When we analyzed the emergency department utilization of patients with NSCLC, regardless of whether the diagnosis of the emergency department visits was lung cancer, if there were emergency department visits, they had been counted. Because NSCLC and its treatment have many complications, any emergency visits may be related to NSCLC or treatments.
Basic personal information includes gender, age, marital status, and education level. Gender is divided into male and female. Age is divided into five age groups: 20–54 years old, 55–64 years old, 65–74 years old, ≥75 years old (Huang et al., 2014). Marital status is categorized as married, divorced/separated, widowed, or unmarried. Education level is classified as elementary school or below, junior high school, high school (including vocational), and college or above. Economic status is grouped based on monthly salary, ranging from high to low: ≥57,801 NT dollars, 36,301–57800 NT dollars, 22,801–36300 NT dollars, 17,281–22800 NT dollars, and ≤17,280 NT dollars. Environmental factors are differentiated by the degree of urbanization in the residential area, categorized according to the urbanization levels proposed by Liu (2006) et al., which divided Taiwan into seven levels of urbanization, from the highest urbanization level (Level 1) to the lowest (Level 7) (Liu et al., 2006). Due to the small number of individuals in Level 6 and Level 7, this study combined them with Level 5.
The comorbidities were based on whether the primary or secondary diagnosis codes in the medical records of patients in the 2 years before the diagnosis of NSCLC include the following disease codes, with the disease diagnosis occurring two or more times. Hypertension (ICD-9 codes 401-405; ICD-10 codes I10-I15), diabetes (ICD-9 code 250; ICD-10 codes E08-E13), hyperlipidemia (ICD-9 code 272; ICD-10 codes E78), liver cirrhosis (ICD-9 code 571; ICD-10 codes K70, K73-K76), renal failure (ICD-9 codes 584-586; ICD-10 codes N17-N19), cerebral vascular disease (ICD-9 codes 430-438; ICD-10 codes I60-I69), chronic obstructive pulmonary disease (ICD-9 codes 491, 492, and 496; ICD-10 codes J41-J44), asthma (ICD-9 codes 493; ICD-10 codes J45), rheumatoid arthritis (ICD-9 codes 714; ICD-10 codes M05-M06), and chronic mental disorder (ICD-9 codes 295, 296; ICD-10 codes F20, F30-F34, F39). The severity of comorbidities adopts the Charlson Comorbidity Index (CCI) as defined by Deyo et al. (1992). The original disease categories of the CCI are defined based on the diagnosis or procedure codes of ICD-9-CM, where a higher score indicates a more severe comorbidity level. The CCI score is calculated by converting the primary or secondary diagnosis codes from medical visits in the 2 years before diagnosis into scores, and the cumulative score represents the comorbidity level.
Hospital attributes refer to the institution where the first treatment (surgery, chemotherapy, radiotherapy, targeted therapy) for lung cancer diagnosis within 6 months is received. For those without treatment, it refers to the institution where the primary diagnosis first occurred. Hospital ownership is classified as public and non-public institutions. Hospital levels include medical centers, regional hospitals, and district hospitals. Cancer staging follows the TNM (tumor-node-metastasis) system and is categorized into stages I, II, III, and IV (Kay et al., 2017). Staging data is primarily obtained from the Cancer Registry. Treatment modalities include surgery, chemotherapy, radiotherapy, targeted therapy, surgery combined with other treatments, chemotherapy combined with other treatments, and other treatment combinations. NSCLC diagnosis years range from 2007 to 2013.
Statistical analysis
This study utilized statistical software SAS 9.4 (SAS Institute Inc., Cary, NC, USA) to analyze and process the data, conducting both descriptive and inferential statistics. All statistical analyses were considered significant at the p < 0.05 level and described as follows. Descriptive statistics were used to describe frequencies, percentages, means, etc. Specifically, descriptive analysis was conducted before and after matching on whether NSCLC patients received adjunctive TCHM therapy. It included the proportions of NSCLC patients with and without adjunctive TCHM therapy across different demographic variables, socioeconomic status, environmental factors, health conditions, cancer stages, hospital attributes, treatment modalities, year of diagnosis, etc.
Inferential statistics include exploring the factors influencing whether NSCLC patients receive adjunctive TCHM therapy and investigating the differences in emergency department visits and hospitalization days among NSCLC patients receiving adjunctive TCHM therapy. The Chi-Square test was employed to compare the differences in receiving or not receiving adjunctive TCHM therapy with gender, age, marital status, education level, monthly salary, degree of urbanization of residential area, severity of comorbidities, comorbid diseases, cancer stage, hospital level, ownership, treatment modalities, and year of diagnosis. Logistic regression analysis was conducted to investigate the factors influencing whether NSCLC patients receive adjunctive TCHM therapy. The dependent variable was the receipt of adjunctive TCHM therapy, and the independent variables included gender, age, marital status, education level, monthly salary, degree of urbanization of residential area, comorbid diseases, cancer stage, hospital level, ownership, treatment modalities, and year of diagnosis.
For the analysis of the association between adjunctive TCHM therapy and emergency department visits, conditional logistic regression can be employed. To analyze the association between hospitalization days of NSCLC patients and receiving adjunctive TCHM therapy, multiple regression analysis with Generalized Estimating Equations (GEE) was utilized. Since the distribution of hospitalization days for NSCLC patients within 1 year is not normally distributed, the hospitalization days of the study subjects will be transformed using a natural logarithm to approximate a normal distribution before conducting the GEE multiple regression analysis.
This study was reviewed and approved by the Research Ethics Center of China Medical University Hospital (IRB No. CMUH110-REC2-244). This research used unidentifiable data obtained from government legal databases (e.g., NHIRD, Cancer Registry). Therefore, patient consent is not required to access the NHIRD. The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008.
RESULTS
This study included 43,122 patients with NSCLC, of whom 2,484 received adjunctive TCHM therapy, accounting for only 5.76% of the total. Among the cancer stages, the highest number of patients was in stage IV, with 23,401 individuals (54.27%). In terms of age distribution, the majority were aged 65–74 years (27.93%) and those aged 75 years and above (27.10%). Among the patients, there were 24,668 males (57.21%) and 18,454 females (42.79%). Regarding marital status, the majority were married, accounting for 69.65%, while in terms of education level, the highest proportion had education up to or below elementary school (48.78%). Among the patients, 41,147 individuals (95.42%) had a CCI score of 0 for comorbidities, and among those with comorbidities, hypertension was the most common, accounting for 15.82%. In terms of treatment methods, the highest number of patients had undergone surgical treatment, accounting for 93.16%.
The factors significantly associated with whether NSCLC patients receive adjunctive TCHM therapy (as shown in Table 2) include cancer stage, age, gender, marital status, education level, monthly salary, degree of urbanization of residential area, severity of comorbidities, comorbid diseases, hospital ownership, experience with Chinese medicine, receipt of chemotherapy, and year of diagnosis (p < 0.05). Compared to patients in stage I, those in stages II and III have a higher probability of receiving adjunctive TCHM therapy (OR = 1.35, 95% CI: 1.11-1.65; OR = 1.23, 95% CI: 1.06-1.41). Elderly patients aged 65–74 years and those aged 75 years and above are less likely to receive adjunctive TCHM therapy compared to the 20-54 age group (OR = 0.80, 95% CI: 0.70-0.92; OR = 0.46, 95% CI: 0.39-0.55). Females are significantly more likely than males to seek adjunctive TCHM therapy (OR = 1.37, 95% CI: 1.25-1.50). Married patients are more likely to receive adjunctive TCHM therapy compared to unmarried, divorced/separated, or widowed patients. Regarding education level, patients with higher levels of education are more inclined to use adjunctive TCHM therapy, with those having a college degree or above being more likely to use it compared to those with elementary school education or below (OR = 2.17, 95% CI: 1.89-2.48). Patients with higher monthly salaries (≥57,801 NT$) are more likely to use adjunctive TCHM therapy compared to those with the lowest monthly salary (≤17,280 NT$) (OR = 1.22, 95% CI: 1.04-1.44). Patients with a CCI score ≥2 are more likely to receive adjunctive TCHM therapy compared to those with a CCI score of 0 (OR = 1.36, 95% CI: 1.02-1.82). However, patients with certain comorbidities are less likely to use adjunctive TCHM therapy, such as those with hypertension (OR = 0.83, 95% CI: 0.72-0.96), diabetes (OR = 0.67, 95% CI: 0.54-0.83), renal failure (OR = 0.36, 95% CI: 0.15-0.88), or chronic obstructive pulmonary disease (OR = 0.72, 95% CI: 0.55-0.96) compared to those without these comorbidities. Patients in public hospitals are less likely to receive adjunctive TCHM therapy compared to those in non-public hospitals (OR = 0.90, 95% CI: 0.82-0.99). Patients with prior experience with Chinese medicine are significantly more likely to receive adjunctive TCHM therapy compared to those without such experience (OR = 1.94, 95% CI: 1.78-2.11). Patients who have undergone chemotherapy are significantly more likely to seek adjunctive TCHM therapy compared to those who have not (OR = 1.13, 95% CI: 1.03-1.25). Patients diagnosed in later years are more likely to seek adjunctive TCHM therapy (ORs: 1.28–2.18). This analysis reveals that only hospital level does not significantly affect patients' receipt of adjunctive TCHM therapy (p > 0.05).
TABLE 2 | Related factors affecting NSCLC patients receiving adjunctive TCM therapy.
[image: Statistical table showing relationships between variables and adjuctive TCM therapy. Variables include cancer stage, age, gender, marital status, education, monthly salary, urbanization, comorbidities, hospital type, and previous medical treatments. Data columns include total numbers, yes or no percentages, p-values, odds ratios, 95% confidence intervals, and associated p-values. Key findings highlight significant associations in cancer stage, age, marital status, education level, urbanization, and prior therapy experiences. The table emphasizes the statistical significance of demographics and medical history factors on therapy outcomes.]In this study, adjunctive TCM therapy primarily focuses on exploring herbal medicine. Table 3 presents the 20 most commonly used single herb and formula among NSCLC patients. There are 439 single herb medicine items, totaling 440,971 prescription records, and 456 formula items, totaling 251,750 prescription records. The top 10 most commonly used single herb medicines are Hedyotis diffusa, Platycodon root, Astragalus root, Tendrilleaf fritillary bulb, Heartleaf houttuynia, Skullcap, Scutellaria root, Bitter apricot seed, Rhubarb, and Mongolian dandelion. The top 10 most commonly used formulas are San Jhong Kuei Jian Tang, Siang Sha Liou Jyun Zih Tang, Xiao Chai Hu Tang, Jiawei Siaoyao San, Bai He Gu Jin Tang, Qing Zao Jiu Fei Tang, Bansia Siexin Tang, Bu Zhong Yi Qi Tang, Ganlu Yin, and Wen Dan Tang. Hedyotis diffusa accounts for 4.23% of all prescriptions, making it significantly higher than other single herb medicines, while San Jhong Kuei Jian Tang accounts for 1.73% of all prescriptions, making it the most prescribed formula, slightly higher than the second most prescribed Siang Sha Liou Jyun Zih Tang (1.41%).
TABLE 3 | The most common TCM herbs and formula used by NSCLC patients.
[image: A table listing herbs and formulas with orders, quantities (N), and percentages. The left section lists twenty herbs, starting with Hedyotis diffusa (18,652, 4.23%) and ending with Pilose asiabell root (3,986, 0.90%). The right section lists corresponding formulas, starting with San Jhong Kuei Jian Tang (7,622, 1.73%) and ending with Xiao Qing Long Tang (2,980, 0.68%).]In total, 43,122 patients with NSCLC were enrolled in the study. Among them, 40,638 patients (94.24%) did not receive adjunctive TCHM therapy, while 2,484 patients did. To mitigate data bias and confounding variables, we employed Propensity Score Matching (PSM) at a 1:5 ratio to precisely match cancer stage, age, gender, and severity of comorbidities. After matching, there were 2,308 patients who received adjunctive TCHM therapy and 11,540 patients who did not. The matched variables included cancer stage, age, gender, monthly salary, education level, marital status, severity of comorbidities, diabetes, cirrhosis, renal failure, cerebrovascular disease, chronic obstructive pulmonary disease, and whether surgery was received within 90 days of diagnosis. The differences between patients receiving and not receiving adjunctive TCHM therapy were not significant (p > 0.05) after matching (see Figure 1; Table 1).
Table 4 presents the emergency department visits within 1 year of diagnosis for patients with NSCLC and its relevant factors. 57.06% of NSCLC patients had emergency department visits within 1 year of diagnosis. Patients who received adjunctive TCM therapy for 181–365 days had significantly lower emergency department visits (45.45%) compared to those who did not receive adjunctive TCHM therapy (57.31%) (OR = 0.84, 95% CI: 0.74-0.95).
TABLE 4 | Emergency department visit and related factors among NSCLC patients within 1 year of diagnosis.
[image: A statistical table presents variables related to emergency department visits segmented by total count, percentages, and various factors. These factors include days of TCM, cancer stage, age, gender, marital status, education level, salary, urbanization degree, comorbidities, hospital ownership and level, TCM experience, treatment modalities, and years of diagnosis. Each row provides data including count, percentage, odds ratio (OR), confidence interval (CI), and p-values. Significant differences are indicated, particularly in categories like cancer stage, comorbidities, and treatment modalities, reflecting variations related to emergency department visits.]In terms of other relevant factors, the cancer stage of NSCLC patients is directly proportional to emergency department visits (ORs: 1.54–2.03). Patients aged 75 years and above have more emergency department visits compared to those aged 20–54 years (OR = 1.11, 95% CI: 1.02-1.21). Female patients have fewer emergency department visits compared to male patients (OR = 0.89, 95% CI: 0.85-0.94). Regarding education level, patients with a high school (vocational) education and those with a college degree or above significantly utilize emergency department services fewer than those with elementary school education or below (OR = 0.91, 95% CI: 0.85-0.97; OR = 0.84, 95% CI: 0.78-0.90). Patients with a monthly salary of ≥57,801 NT$ have significantly fewer emergency department visits compared to those with a monthly salary of ≤17,280 NT$ (OR = 0.84, 95% CI: 0.77-0.93). Regarding the impact of treatment modalities for NSCLC, only surgical treatment (OR = 1.91, 95% CI: 1.43-2.57), only radiation therapy (OR = 1.61, 95% CI: 1.08-2.41), surgery + other treatments (OR = 1.93, 95% CI: 1.44-2.58), and chemotherapy + other treatments (OR = 1.48, 95% CI: 1.07-2.04) significantly increase emergency department visits compared to only targeted therapy. However, urbanization level of patients’ residential areas, severity of comorbidities (CCI), comorbid diseases, hospital ownership and level, patients’ experience with Chinese medicine, and year of diagnosis show no significant association with patients’ emergency department visits (p > 0.05), except for patients with comorbid chronic obstructive pulmonary disease, who significantly increase their use of emergency department visits (OR = 1.17, 95% CI: 1.02-1.35).
Using GEE multiple regression analysis to examine the association between the influence factors and the hospitalization days within 1 year of diagnosis for patients with NSCLC (Tables 5, 6), it was found that the average hospitalization days for NSCLC patients within 1 year was 32.01 ± 30.82. For patients using adjunctive TCHM therapy for 181–365 days, the average hospitalization days within 1 year decreased to 23.41 ± 21.43. Patients with NSCLC who used adjunctive TCHM therapy for 181–365 days had significantly shorter hospitalization days compared to those who did not receive adjunctive TCHM therapy (Ratio = 0.83, 95% CI: 0.75-0.91).
TABLE 5 | Hospitalization days in NSCLC patients within 1 year of diagnosis.
[image: Table showing various variables with mean and standard deviation (SD) values related to patient demographics, medical history, and treatment modalities. Variables include days of TCM, age, gender, marital status, education level, monthly salary, degree of urbanization, CCI, comorbidities such as hypertension and diabetes, hospital ownership and level, cancer stage, TCM experience, and treatment modalities. Each variable is further divided into categories with respective mean and SD values provided for each category.]TABLE 6 | GEE multiple regression analysis of hospitalization days in NSCLC patients within 1 year of diagnosis.
[image: A table reviews various patient variables, including days of Traditional Chinese Medicine (TCM) usage, age, gender, marital status, education level, monthly salary, degree of urbanization, CCI (Charlson Comorbidity Index), comorbidities, hospital ownership and level, cancer stage, TCM experience, treatment modalities, and years of diagnosis. Each variable has associated data presented as ratios, 95% confidence intervals, and p-values. Notable results include significant findings for certain age groups, marital status, education level, monthly salary, comorbidities, hospital type, cancer stage, and specific treatments, marked by p-values less than 0.05.]Regarding other relevant factors, the longer the age of the patient, the shorter the hospitalization days. Compared to patients aged 20–54 years, patients aged 65–74 years have shorter hospitalization days (Ratio = 0.93, 95% CI: 0.87-0.99), and patients aged 75 years and above have even shorter hospitalization days (Ratio = 0.81, 95% CI: 0.75-0.88). Female patients have shorter hospitalization days within 1 year compared to male patients (Ratio = 0.76, 95% CI: 0.72-0.79), while unmarried patients have longer hospitalization days compared to married patients (Ratio = 1.18, 95% CI: 1.08-1.30). Patients with higher education levels have shorter hospitalization days; those with a college degree or above have significantly different hospitalization days compared to those with elementary school education or below (Ratio = 0.81, 95% CI: 0.76-0.87). Similarly, patients with higher monthly salaries also have shorter hospitalization days; for example, patients with a monthly salary of ≥57,801 NT$ have shorter hospitalization days compared to those with a monthly salary of ≤17,280 NT$ (Ratio = 0.84, 95% CI: 0.77-0.91). Patients living in less urbanized areas have longer hospitalization days; for example, patients in level 5 urbanization areas have longer hospitalization days compared to those in level 1 urbanization areas (Ratio = 1.08, 95% CI: 1.00-1.17). The CCI does not affect the hospitalization days, but patients with comorbidities such as diabetes (Ratio = 1.22, 95% CI: 1.08-1.37), cirrhosis (Ratio = 1.33, 95% CI: 1.08-1.64), cerebrovascular disease (Ratio = 1.26, 95% CI: 1.07-1.49), chronic obstructive pulmonary disease (Ratio = 1.35, 95% CI: 1.16-1.57), and chronic mental illness (Ratio = 1.61, 95% CI: 1.20-2.16) have significantly longer hospitalization days. The ownership of hospitals (public, non-public) does not affect the hospitalization days for NSCLC patients, but the hospital level does. Patients treated at regional hospitals have longer hospitalization days compared to those treated at medical centers (Ratio = 1.07, 95% CI: 1.02-1.12). The higher the cancer stage of NSCLC patients, the longer the hospitalization days. Compared to stage I patients, stage II patients have a ratio of 1.52 (95% CI: 1.39-1.67), stage III patients have a ratio of 1.80 (95% CI: 1.70-1.92), and stage IV patients have a ratio of 2.04 (95% CI: 1.93-2.15) of hospitalization days. Patients with experience using Chinese medicine have longer hospitalization days compared to those without experience (ratio = 1.05, 95% CI: 1.01-1.09). In terms of treatment combinations, patients receiving pure targeted therapy have the shortest hospitalization days. Patients undergoing surgical treatment have longer hospitalization days, with pure surgical patients having a ratio of 55.31 (95% CI: 38.23-80.04) and patients receiving surgery + other treatments having a ratio of 60.59 (95% CI: 41.93-87.55). Patients receiving pure radiation therapy also have longer hospitalization days (ratio = 5.63, 95% CI: 2.98-10.63), as do patients receiving chemotherapy + other treatments (ratio = 3.15, 95% CI: 1.97-5.04) and other treatment combinations (ratio = 2.40, 95% CI: 1.39-4.14). As for the year of cancer diagnosis, the later the diagnosis, the shorter the hospitalization days; for example, compared to patients diagnosed in 2007, patients diagnosed in 2013 have a ratio of 0.78 (95% CI: 0.72-0.84).
DISCUSSION
The results of this study indicate that many factors are associated with the use of TCHM as adjunctive therapy, including cancer stage, age, gender, marital status, education level, monthly income, urbanization level of residence area, CCI, comorbid diseases, hospital ownership, experience with TCM, receipt of chemotherapy, and year of diagnosis. Several factors are consistent with previous research findings (Lai et al., 2017; Lin et al., 2008; Lin et al., 2016; Lu et al., 2019; Weng et al., 2016), such as patients undergoing chemotherapy, female patients compared to male patients, younger age groups, higher severity of comorbidities, presence of multiple comorbidities, higher income levels, and residence in urban areas having a higher probability of using TCM treatment. However, some results differ from previous studies (Sun et al., 2018). For example, this study found that patients in the early stages of cancer are not more likely to seek TCM treatment, possibly because early-stage NSCLC can be treated with surgery and cured, which may explain why patients in Taiwan with early-stage NSCLC may not necessarily use TCM. The level of hospital and the receipt of TCM treatment are not associated, but NSCLC patients in non-public hospitals are more likely to receive TCM treatment than those in public hospitals. It is speculated that patients in hospitals with TCM departments can conveniently receive TCM treatment nearby, and Western medicine departments are more likely to consult TCM. Hospitals with TCM departments are more common in non-public hospitals than in public hospitals (Ministry of Health, 2023). This study’s data is linked to the household registration database from the Ministry of the Interior, and compared to previous studies, it includes marital status and education level as variables. Married individuals and those with higher education levels have a higher probability of receiving TCM treatment, highlighting this study’s significance, particularly as it is a nationwide cohort study.
This study examines the commonly used TCHM single herbs and formulas among NSCLC patients, with results differing slightly from previous research. A study from Taiwan in 2017 reported that the most commonly used formula was Qing Zao Jiu Fei Tang (Liao et al., 2017), which differs from the findings of this study, where San Jhong Kuei Jian Tang was most common. The reason for this difference may be attributed to the disparity in study periods. The previous study analyzed data from the NHIRD from 2000 to 2009, whereas this study covers the years 2007–2013, resulting in significant overlapping differences in time. San Jhong Kuei Jian Tang is known for its efficacy in clearing heat, detoxification, and resolving masses and swelling; it is often used to treat complications of NSCLC, lymphadenitis, acute folliculitis, thyroiditis, and thyroid nodules (Chinese Medicine formulae, 2024a). On the other hand, Qing Zao Jiu Fei Tang is known for clearing dryness and nourishing the lungs, suitable for conditions such as pneumonia, pulmonary tuberculosis, bronchial asthma, acute and chronic bronchitis, emphysema, lung cancer, urticaria, and laryngitis (Chinese Medicine formulae, 2024b). Based on the aforementioned, it can be inferred that San Jhong Kuei Jian Tang is mainly used for complications associated with NSCLC, while Qing Zao Jiu Fei Tang is employed as an anticancer formula. Moreover, a Taiwanese study from 2020 reported results consistent with this study (Yeh et al., 2020), where Hedyotis diffusa was the most commonly used single herb. Hedyotis diffusa is known for its efficacy in clearing heat, detoxification, promoting urination, and having antibacterial and anti-inflammatory properties. It also exhibits anti-tumor effects, inhibits spermatogenesis, and has hepatoprotective and choleretic effects (Ministry of Agriculture, 2024).
Among the top ten commonly used single herbs and formulas in this study for NSCLC patients receiving adjunctive TCHM therapy, herbs such as Hedyotis diffusa, Platycodon root, Astragalus root, Tendrilleaf fritillary bulb, Heartleaf houttuynia, Skullcap, Scutellaria root, Bitter apricot seed, Rhubarb, and Mongolian dandelion are all associated with lung cancer treatment. Among the formulas, Siang Sha Liou Jyun Zih Tang, Bai He Gu Jin Tang, Qing Zao Jiu Fei Tang, Bu Zhong Yi Qi Tang, and Ganlu Yin are related to anticancer effects. Additionally, formulas like San Jhong Kuei Jian Tang, Xiao Chai Hu Tang, Jiawei Siaoyao San, Bansia Siexin Tang, and Wen Dan Tang exhibit anti-inflammatory, immune-enhancing, and digestive system-strengthening effects, which can alleviate complications of NSCLC and side effects of Western medication (Zhang et al., 2021; Su et al., 2020; Lo and Hung, 2021).
The adjunctive TCHM therapy for 181–365 days in patients with NSCLC can significantly reduce emergency department visits by 16% and hospitalization days by 17%. The adjunctive TCHM therapy can improve medical utilization in NSCLC patients, provided that the duration of TCHM use reaches 181–365 days. Previous literature has not studied the emergency department visits and hospitalization days in the NSCLC patients treated with adjunctive TCHM therapy. Therefore, our study has reached a new conclusion and cannot be compared with other similar studies. This crucial finding can provide evidence-based recommendations for clinicians, indicating that TCHM must be used for at least 6 months to significantly reduce emergency department visits and hospitalization days. In other words, the adjunctive TCHM therapy of NSCLC should focus on the “course of treatment” rather than just the dosage effect. Even though the life expectancy of patients with advanced stage NSCLC may be shorter, this study showed that the benefits of adjunctive TCHM therapy were more significant in patients with advanced stage NSCLC, and patients with advanced stage NSCLC should be encouraged to receive the adjunctive TCHM therapy.
In addition to other relevant factors affecting emergency department visits, patients with more advanced cancer stages, those aged 75 and above, males, individuals with lower education levels, those with comorbid chronic obstructive pulmonary disease (COPD), and patients undergoing surgery or chemotherapy tend to have higher rates of emergency department visits. The findings of this study regarding gender, age, and income align with a study from mainland China in 2021 (Zhu et al., 2021), but differ from a study conducted by American scholars in 2008 regarding gender (Shugarman et al., 2008). However, the medical utilization patterns of lung cancer patients with comorbidities in mainland China, as observed in a 2020 study, differ from those in this study. In Taiwan, only comorbid COPD increases emergency department visits among NSCLC patients, while the mainland Chinese study found that several comorbid conditions were associated with medical utilization (Ding et al., 2020).
In terms of other relevant factors affecting hospitalization days, patients with more advanced cancer stages, males, those with lower education levels, individuals with comorbid chronic obstructive pulmonary disease (COPD), and patients undergoing surgery tend to have longer hospitalization days, in addition to higher rates of emergency department visits. However, some factors show different patterns compared to emergency department visits. For instance, patients aged 75 and above tend to have shorter hospitalization days compared to other age groups. Previous literature often focused on the frequency of hospitalizations among NSCLC patients rather than the duration, making direct comparisons difficult (Zhu et al., 2021). This could be attributed to the higher mortality rate among patients aged 75 and above, leading to shorter average hospitalization days. Patients with multiple comorbidities, including diabetes, liver cirrhosis, cerebrovascular diseases, and chronic mental disorders, significantly increase hospitalization days. While these four comorbidities do not increase the emergency department visit, they do prolong hospitalization days, providing crucial indicators for clinical caregivers. Regarding treatment combinations, only pure targeted therapy and pure chemotherapy do not significantly increase hospitalization days, while other treatments may require hospitalization or pose an increased risk of hospitalization.
Strengths
This study has several strengths. Firstly, it utilizes nationwide statistical data, encompassing 7 years of lung cancer patients (2007-2013). Secondly, the study employs Propensity Score Matching (PSM) with a 1:5 ratio to control for variables such as cancer stage, gender, age, monthly income, education level, marital status, disease severity, medical history (diabetes, liver cirrhosis, renal failure, cerebrovascular diseases, chronic obstructive pulmonary disease), and whether surgery was performed within 90 days. This meticulous matching ensures precise comparison between patients receiving and not receiving adjunctive TCHM therapy for lung cancer, effectively addressing potential confounders.
Limitations
This study’s sample was obtained from the NHIRD, and when analyzing based on diagnosis codes and medical order codes, the real-world compliance of patients with TCHM and Western medicine was overlooked. Retrospective studies may encounter unmeasured confounders (such as BMI, smoking status, or alcohol drinking) that might potentially impact the analysis results. The administration data used in retrospective studies may have incomplete data, data quality issues, temporal bias, or a lack of some relevant variables, making it impossible to completely reflect the current clinical situation. Additionally, data on certain TCHM treatments that are paid out-of-pocket (such as a few herbal decoctions) are not available in the NHIRD. If these out-of-pocket TCM treatments contribute to reduced medical utilization, the study also included their effects in the analysis for comparison. The out-of-pocket herbal decoctions will not affect the results because they were part of the TCM group. Each country’s medical system and economic environment were different; the results of this study might not be applicable outside of Taiwan. Finally, this study explored association between main outcomes and relevant variables and did not focus on examining causal inference.
CONCLUSION
Patients with NSCLC who receive adjunctive TCHM therapy for 181–365 days could significantly reduce emergency department visits and shorten hospitalization days. Clinical treatment teams may recommend and encourage patients with late-stage cancer, older age, male gender, low education level, and low income to undergo adjunctive TCHM therapy for at least 6 months. We strongly suggest the need for more research to confirm the findings.
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Five years 3% discount and CPI healthcare costs

Primary diagnosis costs

Primary and secondary diagnosis

Total costs

costs
Total No TCM Total No TCM  Total \[}
TCM TCM TCM

stage |
Average costs (C) 616975 59,103 706333 | 771805 753518 | 863241 828928 808,156 932,785
Average survival (E) s | aes 4637 4679 4688 4637 4679 4688 4637
CER (C/E) 131847 | 127,793 152,340 | 164,934 160731 186,181 177,041 172,386 201,180
ICER (AC/AE) -2,081,823 -2,130237 -2419,623

‘ stage Il
Average costs (C) 987827 | 981412 1,019,900 1208708 1,187,956 131246 1260500 1239668 1364661
Average survival (E) 3751 3730 3.85 3751 3730 3856 3751 70 | 3856
CER (C/E) 20360 | 263119 264,526 08 31849 340406 336056 332357 353,944
ICER (AC/AE) 306,297 990,850 994,722
stage Ill
Average costs (C) 1116834 | 1,098,103 1210491 1378993 1354579 1,501,065 1420308 1395542 | 1,544,137
Average survival (E) 2673 2.629 2.890 2673 2629 2890 2673 2629 2890
CER (C/E) 47872 | 417,667 418,805 515961 515218 519338 531419 530,799 534,240
ICER (AC/AE) 430,261 560,799 568,869

\> stage IV
Average costs (C) 1056023 | 1,037,257 1,149,849 1332781 1,307,746 1457957 1364976 1338481 1497446
Average survival (E) 2021 1.985 2204 2021 1985 2204 2021 1.985 2204
CER (C/E) smass | e 521,701 659378 | 658,908 661493 675306 674,395 679,410
ICER (AC/AE) 513,356 684,80 724791

B i Duilhciiv-cous- et pitieat. B Avonis pirh ol aiid EE Eortlactrmand:tati

ICER, Incremental cost-effectiveness ratio; CPI, consumer price index.
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Herb N %  Order Formula N 3

1 Scleromitrion diffusum (Willd) RJ.Wang [Rubiaceae] 18652 423 1 San Jhong Kuei Jian Tang | 7,622 1.73
2 Platycodon grandiflorus (jacq,) A.DC. [Campanulaceae] 896 203 2 Siang Sha Liou Jyun Zih o9 1a1
Tang
3 Astragalus mongholicus Bunge [Faboideac] 8340 | 189 3 Xiao Chai Hu Tang 5758 131
4 Fritillaria thunbergii Miq. [Liliaceae] 8333 | 189 4 Jiawei Siaoyao San 5742 130
5 Houttuynia cordata Thunb. [Saururaceae] 7950 | 180 5 Bai He Gu Jin Tang 5494 125 |
6 Scutellaria barbata D.Don [Lamiaceae] 7907 | 179 6 Qing Zao Jiu Fei Tang | 5,329 | 121
7 Scutellaria baicalensis Georgi [Lamiaceae] 6898 | 156 7 Bansia Siexin Tang 5306 120
8 Prunus mandshurica (Maxim.) Koehne [Rosaceae] e 1m2 8 Bu Zhong Yi Qi Tang 4488 | 1.02
9 Rheum rhabarbarum L. [Polygonaceac] 6183 | 140 9 Ganlu Yin 4278 | 0.97
10 Taraxacum mongolicum Hand.-Mazz. [Crepidinae] eus 139 10 Wen Dan Tang 4233 0.96
1 Magnolia officinalis Rehder and E.H.Wilson [Magnoliaceac] 586 12 1 MaiMen Dong Tang {3959 050
12 Salvia miltiorrhiza Bunge (Lamiaceae] ssn 1 12 Xue FuZhu Yu Tang 3872 088
3 Atractylodes macrocephala Koidz. [Asteraceae] s | 129 13 Ping Wei San 3748 085
14 Wolfiporia cocos (Schw.) Ryv. and Cilbn. [Polyporaceae] 5533 | 125 14| Zhi Gan Cao Tang 3748 085
\
15 Pinellia ternata (Thunb.) Makino [Araceac] 5141 | 117 15 Sha Shen Mai Dong Tang | 3,621  0.82
16 Liriope longipedicellata F.T.Wang and Tang [Asparagaceae] s s 16 MaXing Gan ShiTang | 3276 074
17 Corydalis yanhusuo (Y.H.Chou and Chun C.Hsu) W.T.Wang ex ZY.Suand | 4955 112 17 Sheng Mai Yin 3220 073
CY.Wu [Papaveraceae]
18 Descurainia sophia (L) Webb ex Prantl [Brassicaceae] 4604 104 18 Ding Chuan Tang 3000 073
19 Glycyrrhiza uralensis Fisch. ex DC. [Faboideae] 4211 095 19 Xin Yi Qing Fei Tang 3086 070

20 Codonopsis pilosula (Franch.) Nannf, [Campanulaceac] 3986 090 20 Xiao Qing Long Tang 2980 068
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Chinese name Material Dosage (g)°* Batch N Record N

Atractylodes Lancea (Thunb.) DC. Cang Zhu ‘ Rootstalk 15 22045681 1121000040000
Phellodendron amurense Rupr. [ Huang Bai | Bark [ 10 23032061 1121000120000
Achyranthes bidentata Blume Niu Xi Root 15 23000831 1121000212000
: Coix lacryma-jobi var. ma-yuen (Rom.Caill.) Stapf Yi Yi Ren ‘ Kernel 15 23012191 1121000068000
Dipsacus asper Wall.ex DC. Xu Duan ‘ Root 15 23025771 1121000199000
Drynaria roosii Nakaike Gu Sui Bu ‘ Rootstalk | 15 22043861 1121000061000

“Dry weight of the medicinal substance.
The plant name has been in accordance with http://www.plantsoftheworldonline.org,
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CDs6
iNOS
TNF-a
16
Argl
IL-10

Bractin

Forward (5'-3')

TGTCTGATCTTGCTAGGACCG

GTTCTCAGCCCAACAATACAAGA

CGATGGGTTGTACCTT

AATTCGGTACATCCTCGCGG

CTCCAAGCCAAAGTCCTTAGAG

CGGGAAGACAATAACTGCACCC

CATTGCTGACAGGATGCAGAAGG

Reverse (5'-3)

GAGAGTAACGGCCTTTTTGTGA

GTGGACGGGTCGATGTCAC

TACTTGGGCAGATTGAC

GGTTGTTTTCTGCCAGTGCC

GGAGCTGTCATTAGGGACATCA

CGGTTAGCAGTATGTTGTCCAGC

TGCTGGAAGGTGGACAGTGAGG
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Diagnosis ~ Sample ~ Gender  Age (years) Intervention Treatment duration  Outcome
size  (male/ (months)
female)

CG EG CG EG

Chencheng 2015 513234 | 552536 Salmon calitonin inection CG+Gulang 0000
2w Capsule
Liguogiang 2018 sop s | s w  nw: | N Alfclcitol tables CGrGulang 3 000000
v | @ | 759 Capsile
Lisoxioyong PyOP 6 16 on6 one 7ma=32 mI+a0 Alcalitol tabets CGiGulang 3 ©
201 Capsule
Liyonghua 2022 sop w | w s w | ns: | nax Alfcleitol tbles CG+Gulang . 200000
» 0 ae s06 Capsule
Tanjangping sop S st 2 s | elil: | Caldum carbonae vitamin DS tblessViamin | CGiGulang 2 ©000
203 » W0 e 706 D3+ Alendronate sodium tablets Capsule
Wangbin 2014 PyiOP @ e e o - Calcium and vitamin CGHGulang 3 o)
Capsule
Xuchong 2022 sop Ss w0 w0 eme | ese Gltrate D CG+Gulang 3 000000600
3on sm s Capsule
Yusianbin 2015 PyoP 00 0 om0 om0 sme: | s2s Gukang capsule simultorsCaltrate D CG+Gulang 6 000
62 505 Capsule
Yechun 2019 rop s s w0 W eiss | eiss Calcium carbonste D3+ Warm scupuncture CG+Gulang 3 0000
0w Capsile
Zhaojun 2019 sop 0 | w0 2w mesas | 7ses2 Compound ossotide inection CG+Gukang 6 000
v o2 Capsule
Caimeihuang | OPF (thorcolumbar 58 | 60 3/ 35 6431% | 6411+ | Percutancous kyphoplastys Alendronate sodium tablts | CG+Gukang 3 000000
m spine) v | 5| s 107 Capsile
Hojansing 2023 | OPF (horcolumbar 39 39 20/ | 22/ 905+ | 68122 Percutancous kyphoplastys Alendronatesodium ablets | CG1Gukang. 1 o0
spine) B 05 s Capsule
Lin2019 | OPF (homcohumbar 56 | 56 | 25 | 2/ 655 1 Caleium carborste D3 CGGulang 3 ©
spine) a | u Capsule
Shenruiwu 2016 | OPF (isal radive) 41| 41| 19/ 17/ | 528583 $.1+86 ‘Manual reducton or operation CGiGulang - ©
2| u Capsule
Sunli2023 | OPF (homcolumbar 50 50 2/ 29/ e38r | 6ims Percutancous vertebroplsty CG+Gulang 2 0
spine) B | 2| an 165 Capsule
Wangeei 2005 | OPF (Gisalradiss) 54 54| 20/ | 25 | @538+ | 6642+ | T-plae intenal xationsCalcium carbonate ablets | CG+Gukang 2 )
W ® sk 53 Capuule
Yamong 2016 | OPF (disal radivs) 36 36 | 121 11/ | 66642 661255 Opersted reductionsCalcium carbonate D3 CG+Gulang 6 000000
u | 2 Capsile
Yuchongeu P (hip) R R Internal fxation +Caletriol sofigel CG+Gulang . 0000
01 u | 2 ouzw 1229 capsulestAlendronate sodium abits Calrate D Capsule
Zhowwei 2021 | OPF (hocolumbar 61 61 33 | %0/ das6: | 476 Percutancous vertebroplsty CG+Gulang 2 ®
spine) B 3 e 2 Capsile

Abbreviations: EG, experimental groups CG, Contrl Groups -
R o Pctuns hedin i B~ St vt Jom

ot mentioned: POP,primary osteoporosis: PMOP, postmenopauseosteoparosis OPF, steoporotic acture;and SO, Senile Osteaporosis. © = Total ffective rate, @ =Short Form: 36, Health Survy
Femoral neck BMD ® = Ward's triangle BMD, ® = Serum BGP, levels ® = Serum BALP, levels ® = Serum TRACP-5b levels ® = Adverse events.
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Five years 3% discount and CPI healthcare costs

Total No TCM

Primary diagnosis costs

Average costs (C) 975,557 957,598 1065355
Average survival (E) 2791 2763 [ 2931
CER (C/E) 349,597 346,640 363,533
ICER (AC/AE) 641,236

Primary and secondary diagnosis costs

Average costs (C) 1,221,444 1,198,137 1,337,979
Average survival (E) 3564 2763 2931
CER (C/E) 302,728 w3 436,561
ICER (AC/AE) 832163

Total costs

Average costs O 1,261,660 1,236,988 1,385,021
Average survival (E) 3564 2763 2931
CER (C/E) 354012 147,777 472614
ICER (AC/AE) ] V 880,908 V

C, average healthcare costs per patient; E, Average person-years of survival; CER, Cost-effectiveness ratio; ICER, Incremental cost-effectiveness ratio; CPI, consumer price index.
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Total 13,848 10000 3439 2483 10,409 7517

Adjunctive TCM therapy 0181
no 11,540 8333 2,840 2461 8,700 7539
yes 2,308 1667 599 2595 1,709 7405

Days of TCM <0.001
<30 11540 8333 2,840 2461 8,700 7539
30-180 1,692 1222 384 2270 1,308 77.30
181-365 616 445 215 3490 401 65.10

Cancer stage <0.001
1 2,838 2049 2,174 76.60 664 2340
1 690 498 304 4406 386 55.94
11 2,940 2123 505 1718 2,435 8282
w 7,380 5329 456 618 6924 93.82

Age <0.001
20-54 yearslo 4470 3228 1342 3002 3,128 69.98
55-64 years/o 4,380 3163 1217 27.79 3,163 7221
65-74 years/o 3336 24.09 700 2098 2,636 79.02
275 yearslo 1662 12,00 180 1083 1,482 89.17

Gender <0.001
male 6,666 4814 1291 1937 5375 80.63
female 7,182 5186 2,148 2991 5,034 70.09

Marital status <0.001
Unmarried 613 443 178 2904 435 7096
Married 11,054 7982 2777 2512 8277 7488
Divorced/separated 730 527 24 30.68 506 6932
Widowed 1451 1048 260 1792 1,191 82.08

Education level <0.001
Elementary school or below 4838 3494 871 1800 3,967 82.00
Junior high school 2302 1662 469 2037 1,833 79.63
High school (vocational) 3487 2518 965 27.67 2522 7233
College and above 3221 2326 1134 3521 2,087 64.79

Monthly salary (NT$) <0.001
<17280 2,944 2126 703 2388 2241 7612
17281-22800 4840 3495 943 1948 3,897 8052
22801-36300 2418 1746 639 2643 1,779 7357
36301-57800 2275 1643 638 2804 1,637 7196
257801 1371 9.90 516 37.64 855 6236

Degree of urbanization <0.001
1 4,166 3008 1220 2928 2,946 7072
2 4357 3146 1,081 24381 3,276 75.19
3 2,108 1522 469 225 1,639 7775
4 1,899 1371 428 2254 1,471 7746
5 1318 952 241 1829 1,077 8171

ccr 0053
0 13428 96.97 3345 2491 10,083 75.09
1 240 173 63 2625 177 7375
22 180 130 31 1722 149 8278

Comorbidities
hypertension 1,533 11.07 307 20.03 1,226 79.97 <0.001
diabetes 523 378 68 13.00 455 87.00 <0.001
hyperlipidemia 238 172 59 2479 179 7521 1.000
liver cirrhosis 97 070 14 1443 83 85.57 0024
renal failure 14 0.10 3 2143 i 7857 1.000
cvD 27 164 2 969 205 9031 <0.001
coPD 276 199 23 906 251 90.94 <0.001
asthma 178 129 28 15.73 150 8427 0.006
rheumatoid arthritis 33 024 i 3333 2 66.67 0353
chronic mental disorder 38 027 6 1579 32 8421 0270

Hospital ownership <0.001
non-public 8381 6052 1,730 2064 6,651 79.36
public 5467 3948 1,709 3126 3,758 68.74

Hospital level <0.001
medical centers 9,365 67.63 2,591 27.67 6,774 7233
regional hospitals 4246 30.66 830 1955 3416 8045
district hospitals 237 171 18 759 219 9241

TCM experience 0239
No 6,968 5032 1,700 2440 5,268 75.60
Yes 6,880 49.68 1,739 2528 5,141 7472

Treatment modalities 0423
Surgery 3383 2443 1,255 37.10 2,128 62.90
Chemotherapy 79 057 5 633 74 93.67
Radiotherapy 9% 071 19 1939 79 8061
Targeted therapy 133 096 17 1278 116 87.22
Surgery + others 9,601 6933 2,096 2183 7,505 7817
Chemotherapy + others 418 302 30 7.8 388 9282
Other combinations 136 098 17 1250 19 87.50

Years of diagnosis <0.001
2007 1,616 1167 220 1361 1,396 86.39
2008 1,694 1223 243 1434 1,451 85.66
2009 1925 13.90 405 2104 1,520 78.96
2010 1,989 1436 440 212 1,549 77.88
2011 1967 1420 506 2572 1,461 7428
2012 2,182 1576 736 3373 1,446 66.27
2013 2475 1787 889 3592 1,586 64.08

CCl, charlson comorbidity index; NT$, new taiwan dollar.
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Model 1A Model 1B Model 2A (survived over 12 months) model 2B

HR 95%Cl [om HR 95%Cl P HR  95%Cl P- HR  95%Cl  p-value
value value value

TCM therapy

no

yes 088 083 | 093 <0001 100 095 107 | 0895
Days of TCM
<30
30-180 096 | 09 | 101 0132 106 099 L4 0.097
181-365 069 | 063 | 077 | <0001 088 080 098 0021

Cancer stage

1

I 278 | 245 | 316 <0001 | 279 246 316 | <0001 | 260 227 298 | <0001 | 260 227 299 <0.001

m 644 | 590 | 703 <0001 | 640 | 586 | 699 | <0001 | 569 518 624 | <0001 | 567 517 623 <0.001

v 1150 1059 | 1249 <0001 | 1145 | 1055 1244 | <0001 | 1032 946 1126 | <0001 | 1031 9.45 1125 |  <0.001
Age

20-54 years/o

55-64 years/o 103 097 | 108 0359 | 102 097 108 0399 | 100 094 107 | 0943 | 100 094 106 0957

65-74 years/o 123 | 116 | 131 <0001 | 123 | 116 | 131 | <0001 | 117 108 125 | <0001 | 116 108 125 <0.001

275 yearslo 184 170 | 198 <0001 | 183 170 | 198 | <0001 | 180 @164 197 | <0001 | 179 163 197 <0.001
Gender

male

female 068 | 065 | 071 <0001 | 068 065 071 | <0001 | 076 072 079 | <0001 | 076 072 079 <0.001
Marital status

Unmarried L4103 | 125 0012 | L13 | 103 | 125 | 0014 | 106 094 120 | 0314 | 106 094 120 0326

Married

Divorced/ 108 | 098 | 118 0122 | 108 098 L8 0115 | 103 093 115 | 0590 | 103 093 115 0582
separated

Widowed 104 | 098 | L1 0229 | 105 098  L12 | 0184 | 103 095 112 | 0438 | 104 096 112 0388

Education level

Elementary
school o below

Junior high 100 | 094 | 106 0960 | 100 | 094 | 106 | 0888 | 102 095 109 | 0621 | 102 095 109 0.640
school

High school 091 | 086 09 0001 | 091 08 096 0001 | 092 086 098 0011 | 092 08 098 0011
(vocational)

College and 082 | 076 = 087 <0001 | 082 | 077 | 087 | <0001 | 084 077 090 | <0001 | 084 078 090 <0001
above

Monthly salary (NT$)

<17280

17281-22800 099 | 093 105 0684 | 099 | 093 105 | 0671 103 | 096 111 0380 103 09 L1 0.372
22801-36300 095 | 089 102 0126 | 095 | 08 | 102 | 0127 | 099 091 107 | 0774 | 099 091 107 0.787
36301-57800 094 | 088 101 0092 | 095 08 101 | 0106 = 098 090 106 = 0552 | 098 090 106 0.588

257801 083 | 076 = 090 <0001 | 083 | 076 090 | <0001 | 088 080 097 | 0008 | 088 080 097 0.008

Degree of urbanization

2 102 | 097 | L07 0473 | 102 | 097 107 | 0429 | 106 100 112 | 0065 | 106 100 112 0.063
3 104 | 098 | 110 0230 | 104 098 LIl | 0195 | 104 097 112 | 0252 | 105 097 113 0243
4 101 | 095 | 108 0685 | 102 096 109 0561 | 102 095 111 | 0564 | 103 095 L1l 0523
5 100 | 093 | 108 0974 | 101 | 093 109 = 0876 | 098 089 108 | 0698 | 099 090 108 0748
ca
0
1 088 | 076 | 102 0091 | 088 076 102 | 0092 | 092 078 110 0358 | 093 078 110 0370
B 117099 | 138 0066 | 117 | 099 138 | 0058 | 103 083 128 0808 | 103 083 128 0785
Comorbidities
hypertension 098 | 092 | 105 0541 | 098 | 092 105 | 0523 | 099 091 107 | 0742 | 099 091 107 0751
diabetes LII 101 | 123 0033 | 112 101 | 123 | 0030 | 107 094 121 | 0327 | 107 094 121 0329
hyperlipidemia | 090 | 077 | 104 0157 | 089 | 077 104 0148 | 085 071 102 0081 | 085 071 102 0077
liver cirrhosis 150 | 121 | 187 0000 | 151 | 121 | 188 | <0001 | 146 110 194 | 0008 | 147 L1l 195 0.007
renal failure 102 056 | 186 0951 | 104 057 190 & 0888 | LI§ 052 265 0699 | 120 053 270 0.666
cvD 130 | 113 | 150 0000 | 130 L2 | 150 | <0001 | 131 109 157 | 0004 | 131 110 158 0003
CoPD 141 | 124 | L6l <0001 | 140 123 | 160 = <0001 | 136  L14 161 = 0001 | 135 113 161 0.001
asthma 121 103 | 143 0022 | 120 102 | 142 | 0025 | 128 105 156 | 0015 | 128 105 156 0016
rheumatoid 080 053 | 122 0308 080 052 121 | 0286 | 090 055 145 0650 | 089 055 143 0622
arthritis
chronic mental 107 | 075 | 151 0716 | 107 | 076 | 152 | 0695 | 119 079 179 | 0414 | 119 079 180 0.408
disorder
Hospital ownership
non-public
public 085 | 081 | 0.89 <0001 | 085 081 088 | <0001 | 087 082 091 <0001 | 08 082 091 <0.001
Hospital level
‘medical centers
regional hospitals | 1.06 | 102 | LIl 0006 | 106 102 | 111 | 0008 109 104 115 | 0001 | 109 104 LIS 0.001
district hospitals | 129 | 113 | 148 0000 | 130 | 113 | 149 | <0001 | 132 LIl 156 | 0002 | 132 LIl 157 0.002
TCM experience
no
yes 100 | 096 | 104 0835 | 100 096 104 = 0807 | 102 097 107 | 0467 | 102 097 107 0478
Treatment
modalities
Surgery 145 | 120 | 175 0000 | 143 | L8 | 173 | <0001 | 113 092 138 | 0246 | 113 092 138 0250
Chemotherapy 122 090 | L4 0200 | 124 | 092 | 166 0157 | 118 086 161 | 0311 | 11§ 086 162 0308
Radiotherapy 108 | 081 | 145 0595 | 107 | 080 143 | 0640 | 092 067 127 | 0613 | 092 067 126 0.609
Targeted therapy
Surgery+others | 141 | 117 | 170 0000 | 140 | 116 168 = <0001 | L1l 091 135 0300 | L1l 091 135 0304
Chemotherapy+ | 121 | 098 | 149 0083 | 119 | 097 | 147 | 0100 | 115 092 144 | 0222 | 115 092 144 0223
others
Other combinations | 112 | 086 | 144 0403 | 111 | 086 143 | 0431 | 097 073 128 | 0817 | 097 073 128 0829
Years of diagnosis
2007
2008 102 | 095 | 110 0557 | 102 | 095 110 | 0550 | 098 090 108 | 0711 | 098 090 107 0702
2009 095 | 088 | 102 0150 | 095 088 102 | 0185 | 089 081 097 0009 | 08 082 097 0011
2010 089 | 083 | 09 0002 089 08 096 00035 | 085 078 093 <0001 | 085 078 093 <0.001
2011 081 | 076 | 0.88 <0001 | 082 | 076 088 | <0001 | 089 081 097 = 0006 | 08 082 097 0.009
2012 075 | 069 | 0.80 <0001 | 075 | 070 081 | <0001 | 076 070 084 <0001 | 077 070 084 <0.001
2013 082 | 076 | 088 <0001 | 082 077 089 | <0001 | 073 067 080 <0001 | 073 067 080 <0.001

CCI, Charlson Comorbidity Index; NTS, New Taiwan Dollar; HR, Hazard

Cl, confidence interval.
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Model 1A Model 1B Model 2A (survived over 12 months) model 2B

95%Cl  p-value 95%Cl  p-value H 95%Cl  p-value HR 95%Cl  p-value

Stage |

TCM therapy |
no |
yes 110 089 136 0362 LI 089 138 0345

Days of TCM
<30 |
30-180 129 101 164 0.042 126 | 098 @ 163 0.069
181-365 0.81 056 117 0.250 086 060 | 125 0.431

Stage Il

TCM therapy
no |
yes 083 | 061 112 0214 088 | 063 | 121 0426

Days of TCM |
<30
30-180 096 | 068 135 0814 096 | 0.66 | 140 0838
181-365 059 034 101 0054 073 | 042 | 126 | 0251

Stage Il

TCM therapy |
no |
yes 090 081 101 0071 101 089 114 0905

Days of TCM
<30 |
30-180 096 | 0.85 108 0499 | 102 | 088 117 | 0833
181-365 074 059 092 0007 099 | 079 | 124 0904

Stage IV

TCM therapy
no |

yes 086 081 092 <0.001 101 | 094 109 0714

Days of TCM |
<30 |
30-180 095  0.88 1.02 0.124 | 1.09 100 | 119 0.044
181-365 067 059 076 <0.001 086 075 | 098 0.022

*Other relevant variables have been controlled: HR. hazard ratio: CL. confidence interval.
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Model 1A model 1B Model 2A (survived over 12 months) model 2B

95%Cl  p-value 95%Cl  p-value HR 95%Cl p-value HR 95%Cl p-value

No staging

TCM therapy |
no |
yes 088 | 084 093 <0001 101 095 107 0861

Days of TCM |
<30 |
30-180 0.96 0.9 1.02 0.147 | 1.06 098 ' 114 0.132
181-365 071 0.64 078 <0.001 ‘ 0.90 0.80 = 1.00 0.047

Stage |

TCM therapy |
no |
yes 109 085 139 0496 109 | 085 | 140 0505

Days of TCM |
<30 |
30-180 131 099 173 0062 | 127 [ 095 170 | 0109
181-365 074 047 116 0184 | 080 | 051 | 125 0318

Stage Il

TCM therapy |
no |
yes 088 064 121 0425 0.94 ‘ 067 133 0.723

Days of TCM |
<30

30-180 098 | 0.68 141 0910 ‘ 097 | 065 | 146 089
181-365 070 | 041 121 0206 | 088 | 051 | 154 0656

Stage Il

TCM therapy |
no |
yes 09 080 101 0074 101 | 088 L5 0924

Days of TCM |
<30 |
30-180 095 084 1.08 0415 | 100 | 086 116 1.000
181-365 077 | 0.61 0.96 0.020 | 1.02 | 081 129 0.841

Stage IV

TCM therapy |
no
yes 087 | 081 093 <0001 101 094 109 0736

Days of TCM |
<30 |
30-180 095 | 088 102 0.168 | 109 | 100 | 119 | 0057
181-365 068 060 077 <0001 | 086 | 076 | 099 0029

*Other relevant variables have been controlled: HR. hazard ratio: CL. confidence interval.





OPS/images/fphar-15-1378483/fphar-15-1378483-g001.gif
N ———
CEE)

Sl s 517
S e
iz o)
[ —
s
T
[ —
e

75 W S S

o s sy e st o it NSCLC i he s Riony
e 00 301 05512

oM ki b i TCM ey
ot 0 s et i o e
i 1%

5 i v o e e sy
ey e ek o €1 ey
s . e e et e,
e e L i ey
TR i e e, e e 1

e 1 g o 1548 e et NS e it
e s e gy o 207 03






OPS/images/fphar-15-1378483/fphar-15-1378483-g002.gif





OPS/images/fphar-15-1378483/fphar-15-1378483-g003.gif





OPS/images/fphar-15-1378483/fphar-15-1378483-t001.jpg
Pre- Adjunctive TCM therapy Post- Adjunctive TCM therapy

matching matching
Total \[e} Yes p-value Total No Yes p-value
N N

Total 43,122 10000 40,638 9424 | 2484 576 13,848 | 10000 | 11,540 8333 2,308 1667

Cancer stage 0005 1000
1 8002 1856 7505 9379 | 497 621 2838 2049 2365 8333 473 | 1667
1 2240 519 2081 9290 159 7.10 690 | 498 575 8333 115 1667
g 9479 | 2198 8943 9435 536 565 2940 2123 2450 8333 490 1667
w 23401 | 5427 22109 | 9448 | 1292 | 552 7380 5329 6150 | 8333 1230 1667

Age <0001 1.000
20-54 years/o 8739 2027 7939 9085 800 9.15 4470 | 3228 | 3725 8333 745 1667
55-64 yearslo 10656 2471 9859 | 9252 | 797 748 4380 3163 | 3,650 8333 730 1667
65-74 yearslo 12042 2793 11450 | 9508 592 | 492 333 2409 2780 8333 556 1667
=75 years/o 11,685 2710 11,390 | 9748 | 295 252 1662 1200 1,385 8333 | 277 1667

Gender <0001 1000
male 24668 | 5721 23485 9520 | 1183 4.80 6666 4814 | 5555 8333 L1l | 1667
female 18454 4279 17,153 | 9295 | 1301  7.05 7082 5186 5985 8333 1197 1667

cal 0321 1000
0 4147 | 9542 38792 | 9428 | 2355 572 13428 9697 | 11,190 8333 2238 1667
1 1139 264 1065 9350 74 650 240 173 200 8333 40 1667
22 836 194 781 9342 55 658 180 130 150 8333 30 1667

Surgery within 90 days 0036 0223
no 6219 | 1442 587 948 322 518 1733 1251 1,426 8229 | 307 | 1771
yes 36,903 8558 34741 9414 | 2,062  5.86 12,115 8749 | 10,114 8348 | 2,001 16.52

Marital status <0001 0588
Married 30033 | 6965 28097 9355 | 1936 645 11,054 | 7982 | 9,233 | 8353 1821 1647
Unmarried 1919 445 1810 9432 109 568 613 443 507 | 8271 106 1729
Divorced/separated 2732 634 2592 9488 140 512 730 | 527 | 597 | 8178 | 133 | 1822
Widowed 6617 1534 6361 9613 256 387 1451 | 1048 1,203 8291 | 248  17.09
‘missing 1,821 422 0.00 0.00

Education level <0001 0545
Elementary school or below | 21,037 = 4878 20216 9610 = 821 3.90 4838 3494 | 4038 8346 800 1654
Junior high school 6280 | 1456 5901 | 9396 379  6.04 2302 1662 | 1938 8419 364 | 1581
High school (vocational) 7704 1787 7075 9184 | 629 | 816 3487 2518 | 2,898 8311 589 | 1689
College and above 6285 1457 5673 9026 612 974 3221 2326 2666 8277 555 | 1723
missing 1923 446 0.00 0.00

Monthly salary (NT$) <0.001 0959
<17280 1,144 2584 10,630 | 9539 | 514 461 2944 2126 2461 8359 483 | 1641
17281-22800 17231 3996 16381 | 95.07 | 850 493 4840 3495 | 4042 8351 798 1649
22801-36300 6018 | 1396 5503 9294 425 7.06 2418 1746 2011 8317 407 | 1683
36301-57800 5375 1246 4953 9215 | 422 7.85 2275 1643 1890 8308 385 1692
257801 3040 728 2888 9197 | 252 803 1371 990 1,13 8286 | 235 1714
missing 214 050 0.00 0.00

Comorbidities
Diabetes 3548 823 3443 97.04 | 105 296 <0001 523 378 424 8107 99 1893 0175
copD 2252 | 522 2195 | 9747 | 57 | 253 <0001 | 276 199 223 8080 53 1920 0289
cvD 1287 298 1239 9627 | 48 373 0002 | 227 164 182 8008 45 1982 0231
Liver cirrhosis 563 131 540 9591 23 409 0.104 97 070 74 7629 | 23| 2371 0083
Renal failure 387 090 382 9871 5] 129 <0001 4010 12 8571 2| 1429 0550

*Control variables including cancer stage, gender, age, salary, education level, marital status, severity of comorbidities, diabetes, liver cirthosis, renal failure, cerebrovascular disease, chronic
obstructive pulmonary disease and whether surgery was performed within 90 days; precise matching of lung cancer patients who received TCM, as adjunctive therapy with those who did not in
terms of cancer stage, gender, age, and severity of comorbidities.

bCCI, charlson comorbidity index; NT$, new taiwan dollar.
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Variables Crude analysis Model 1 Model 2 Model 3
cOR p-value aOR p-value aOR p-value aOR p-value
(95% ClI) (95% CI) (95% ClI) (95% ClI)
Predisposing factors
Sex
Men 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Women 6.23 (448, 8.67) <001 633 (4.5, 8.82) <001 659 (4.72,9.19) <.001 886 (6.08,1291) | <001
Age (years)
65 or older 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
50-64 2.38 (1,33, 4.28) 004 214 (114, 402) 017 161 (083, 3.09) 156 139 (072, 267) 325
3549 5(287,872) <001 411 (217, 7.77) <.001 318 (1.6, 6.3) 001 244 (119, 497) 015
19-34 5.93 (3.39, 1038) <001 5.6 (2.88, 10.89) <001 455 (2.24,9.24) <.001 3.14 (148, 6.66) 003
Region
Seoul/Gyeonggi/Incheon 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Gangwon 0.6 (034, 1.05) 071 0.67 (0.38, 1.18) 165 068 (0.38, 1.21) 190 061 (034, 1.1) 100
Dacjeon/Chungcheong/ 0.97 (0.68, 1.36) 840 1(07,1.42) 9% 104 (073, 147) 834 0,97 (0.67, 1.39) 855
Sejong
Guangju/Jeolla/Jeju 0.54 (0.38, 0.76) <001 0.5 (0.39, 0.78) 001 056 (0.39,0.79) 001 0.54 (0.38, 0.77) 001
Busan/Daegu/Ulsan/ 0.76 (0.59, 0.98) 034 0.79 (0.61, 1.01) 063 08 (0.62, 1.04) 093 0.78 (0.6, 1.02) 067
Gyeongsang
Education
Elementary school or 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
below
Middle 132 (073, 241) 360 1.06 (057, 1.98) 848 096 (0.52, 1.79) 909 097 (0,52, 1.81) 928
High school 218 (142, 3.35) <001 123 (074, 2.05) 416 104 (062, 1.72) 891 118 (0.71, 1.96) 523
College or above 2,51 (165, 3.82) <001 139 (084, 231) 197 107 (0.63, 1.8) 805 138 (082, 233) 231
Marital status
Married/living together 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Widowed/Divorced/ 0.67 (0.45, 1.01) 055 0.89 (0.58, 1.39) 618 1.1 (0.69, 1.75) 685 1.05 (066, 1.67) 842
Separated
Never married 1.09 (086, 1.38) 467 074 (0.54, 1.01) 055 077 (0.56, 1.08) 126 0.8 (0.57, 112) 199
Enabling factors
Residential areas
Urban 1 [Reference] 1 [Reference] 1 [Reference]
Rural 0.76 (0.5, 1.05) 096 091 (0.65, 1.27) 586 0.88 (0.62, 1.23) 449
Household income
Ist quintile(lowest) 1 [Reference] 1 [Reference] 1 [Reference]
2nd quintile 191 (1.19, 3.06) 007 127 (075, 2.13) 375 13 (0.76, 2.21) 343
3rd quintile 225 (141, 36) 001 139 (082, 235) 219 147 (086, 2.5) 161
4th quintile 279 (178, 4.37) <001 174 (103, 293) 039 196 (1.15, 3.35) 013
5th quintile (highest) 2,65 (17, 4.12) <001 169 (1, 2.86) 048 2.05(1.2,35) 008
Number of household members
1 member 1 [Reference] 1 [Reference] 1 [Reference]
2 members 167 (095, 2.94) 076 145 (038, 2.62) 217 145 (0.79, 2.66) 231
3 members 22(127,378) 005 143 (08,255 227 144 (079, 2.62) 229
4 members 2,61 (1,53, 4.45) <001 155 (087, 2.77) 139 151 (084, 2.73) 170
25 members 2.24 (1.26,3.97) 006 135 (073, 2.49) 334 135 (072, 255) 349
Employment status
Employed 1 [Reference] 1 [Reference] 1 [Reference]
Self-employed 0.8 (058, 1.09) 155 121 (0.87, 1.7) 263 115 (0.82, 1.62) 415
Unpaid family worker/ 1.03 (084, 1.27) 75 092 (0.74, 1.14) 429 09 (072, 1.13) 384
unemployed
Health insurance type
Local-subscriber 1 [Reference] 1 [Reference] 1 [Reference]
Employee health 117 (095, 1.44) 141 105 (083, 1.32) 704 1.08 (085, 1.38) s12
insurance
Medical aid or others 0.41 (0.16, 1.05) 063 069 (0.24,1.92) 473 0.52 (0.19, 1.46) 214
Private health insurance
Yes 1 [Reference] 1 [Reference] 1 [Reference]
No 0.4 (031, 0.64) <001 069 (0.46, 1.04) 075 0.72 (047, 1.09) 121
Need Factors
Perceived health status
Very good/Good 1 [Reference] 1 [Reference]
Fair 1.05 (085, 1.31) 642 0.94 (075, 119) 626
Poor/Very poor 1.16 (087, 1.57) 313 0.87 (0.62, 1.24) 452
Limitations in daily activities
Yes 1 [Reference] 1 [Reference]
No 113 (073, 1.76) 582 0.83 (0,52, 1.34) 445
Perceived stress
Barely 1 [Reference] 1 [Reference]
Low 13 (091, 1.87) 152 1.08 (0.75, 1.54) 690
High 206 (1.42, 3) <001 1.4 (0.95, 2.08) 092
Very high 3.18 (1.96, 5.15) <001 1.86 (1.09, 3.17) 024
Depression
No 1 [Reference] 1 [Reference]
Yes 149 (086, 2.56) 154 119 (0.65, 2.15) 575
Perceived body image
Gain/No changes/Loss of 1 [Reference] 1 [Reference]
0-3kg
Fat 2.37 (1,84, 3.06) <001 2.82 (2,06, 3.84) <001
Very fat 493 (373, 6.52) <001 378 (245, 5.82) <001
Weight changes
No changes/Gain 1 [Reference] 1 [Reference]
Loss of 3-6 kg 14 (106, 1.85) 016 1.89 (142, 2.52) <001
Loss of 6-10 kg 3.48 (247, 4.89) <001 462 (3.2, 6.68) <001
Loss of 10 kg or more 2.65 (158, 4.45) <001 2.86 (163, 5.03) <001
BMI (kg/m?)
<3 1 [Reference] 1 [Reference]
23.0-249 0.91 (0.69, 1.19) 472 117 (086, 1.58) 326
250299 0.89 (0.7, 113) 344 13 (0.94,1.79) 13
230 2.36 (1.74, 3.22) <001 2.69 (166, 4.37) <001
Alcohol use
None 1 [Reference] 1 [Reference]
Monthly or less 1.6 (126, 2.18) <001 135 (102, 1.78) 035
210 4 times a month 134 (1, 1.8) 051 137 (1,1.87) 050
210 3 times a week 121 (087, 1.69) 259 164 (115, 233) 007
4 or more times a week | 1.31 (0.81, 2.14) 271 2.3 (1.34, 4.06) 003
Cigarette use
None/Quit smoking 1 [Reference] 1 [Reference]
Occasionally 1.06 (063, 1.78) 830 109 (06, 195) 782
Every day 0.48 (0.3, 0.68) <001 0.76 (051, 1.14) 190
Walking per week
None 1 [Reference] 1 [Reference]
1-2 days 1.19 (082, 1.71) 353 104 (071, 1.52) 852
3-4 days 1.22 (087, 1.72) 255 113 (079, 1.61) 509
5-6 days 123 (087, 1.75) 244 102 (071, 1.48) 904
Every day 1.04 (075, 145) 824 0.96 (0.67, 1.37) 827
Hypertension
No 1 [Reference] 1 [Reference]
Yes 0.42 (03, 058) <001 077 (052, 1.12) 167
Dyslipidemia
No 1 [Reference] 1 [Reference]
Yes 0.58 (0.41, 0.82) 002 1.1 (0.71, 1.71) 654
Diabetes mellitus
No 1 [Reference] 1 [Reference]
Yes 05 (0.3,083) 008 0.94 (0,53, 1.68) 834
Other chronic diseases
No 1 [Reference] 1 [Reference]
Yes 0.81 (0.62, 1.07) 135 1.05 (0.7, 1.42) 762

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; cOR, crude odds ratio.

Crude analyses were obiained from simple logistic regression analyses for the individual characteristics of predisposing, enabling, and need factors. Model one was constructed from multiple
regression analysis for predisposing factors. Model two was constructed from multiple regression analyss for predisposing and enabling factors. Model three was constructed from multiple

regression analysis for predisposing, enabling, and need factors. Sample weights were used in all st
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Variables Men and women Men Women

Herbal medicine Herbal medicine Herbal medicine
Non-use Use p-value Non-use Use Non-use Use
Number of participants 21492 588 7,846 50 13,646 538
Predisposing factors
Sex <.001
Men 7,846 (42.51) 50 (10.6)
Women 13,646 (57.49) 538 (89.4)
Age (years) <001
65 or older 3,407 (925) 21 (219) 1,378 (8.71) 6(701) 2029 (9.66) 15 (1.62)
50-64 6,376 (2634) 112 (14.86) 2,278 (26.1) 5(965) 4,098 (2651) 107 (15.48)
35-49 6,935 (34.06) 257 (40.32) 2503 (3442) | 22 (40.96) 4432(3379) | 235 (40.24)
19-34 4,774 (30.35) 198 (42.63) 1,687 (30.77) 17 (42.37) 3,087 (30.04) 181 (42.66)
Region 005
Seoul/Gyeonggi/Incheon 11,209 (5256) | 339 (59.72) 4130 (5285) | 30 (6843) 7079 (52.34) | 309 (58.69)
Gangwon 694 (2.98) 18 (202) 287 (329) 1(0.44) 407 2.75) 17 22)
Dacjeon/Chungcheong/Sejong 2,223 (1027) 66 (11.27) 827 (10.65) 6(936) 1,39 (10) 60 (11.49)
Gwangju/Jeolla/Jeju 2,438 (10.15) 49 (622) 890 (9.58) 3(384) 15548 (1057) 46 (65
Busan/Daegu/Ulsan/Gyeongsang 4,928 (24.04) 116 (20.77) 1712 (23.63) 10 (17.93) 3216 (2435) 106 (21.11)
Education <001
Elementary school or below 3,391 (11.16) 36 (527) 788 (6.7) 3(7.26) 2,603 (14.46) 33 (5.04)
Middle 2,101 (8.36) 31 (5.22) 713 (7.2) 0(0) 1,388 (9.21) 31 (5.84)
High school 7,69 (38.7) 236 (39.9) 2,772 (38.1) 20 (32.66) 4924 (39.14) | 216 (40.76)
College or above 8,304 (41.78) 285 (49.6) 3,573 (48) 27 (60.08) 4731 (3719) | 258 (48.36)
Marital status 106
Married/living together 15,469 (6753) | 426 (67.89) 5891 (67.68) | 33 (59.82) 9,578 (6741) | 393 (68.85)
Widowed/Divorced/Separated 2,277 (8.29) 40 (56) 368 (3.81) () 1909 (11.61) 40 (6.27)
Never married 3,746 (24.18) 122 (265) 1,587 (2851) | 17 (40.18) 2,159 (20.98) 105 (24.88)
Enabling factors
Residential areas 095
Urban 18,023 (8536) | 516 (88.48) 6549 (85.15) | 46(9344) | 11474 (8551) | 470 (87.9)
Rural 3,469 (14.64) 72 (1152) 1,297 (14.85) 4(656) 2,172 (14.49) 68 (12.1)
Household income <001
Ist quintile(lowest) 3,007 (11.87) 33 (523) 981 (10.44) 1(052) 2026 (12.93) 32 (5.79)
2nd quintile 3,937 (17.79) 87 (14.99) 1,301 (15.85) 7 (14.02) 2,636 (19:22) 80 (15.1)
3rd quintile 4513 (219) 124 (21.76) 1,625 (21.51) 5(1353) 2,888 (22.19) 119 (2273)
4th quintile 4817 (2357) 155 (29.02) 1839 (24.77) 15 (28.94) 2,978 (22.69) 140 (29.03)
5th quintile (highest) 5218 (24.86) 189 (29.01) 2100 27.43) | 22 (4299) 3,118 (22.96) 167 (27.35)
Number of household members 001
1 member 1786 (7.23) 18 (3.39) 583 (741) 3 (645) 1,203 (7.09) 15 (3.02)
2 members 5493 (21.19) 110 (16.57) 2068 (20.61) 9 (1438) 3425 (21.61) 101 (16.78)
3 members 5,579 (27.85) 163 (28.64) 2045 (27.8) 13 (34.64) 3,534 (27.88) 150 (27.93)
4 members 6,230 (31.76) 220 (38.84) 2337 (3288) | 18 (29.78) 3893 (3093) | 202 (39.92)
25 members 2,404 (11.98) 77 (12:56) 813 (11.29) 7 (14.33) 1,591 (12.48) 70 (12.35)
Employment status 266
Employed 9,161 (46.79) 267 (47.72) 4,039 (5518) | 30 (64.23) 5122 (1059) | 237 (45.76)
Self-employed 3,203 (15.38) 77 (12.52) 1887 (22.65) 12 (23.05) 1,406 (10) 65 (11.27)
Unpaid family worker/unemployed 9,038 (37.83) 244 (39.76) 1920 (22.17) 8 (1271) 7,118 (4941) | 236 (42.97)
Health insurance type 033
Local-subscriber 6,692 (31.93) 165 (29.09) 2423 (3145) | 13 (2428) 4,269 (32.29) 152 (29.66)
Employee health insurance 14,252 (6566) | 418 (70.01) 5256 (66.53) | 37 (75.72) 8996 (6502) | 381 (69.33)
Medical aid or others 548 (2.41) 509 167 (2.03) ©) 381 (269) 5(1.01)
Private health insurance <.001
Yes 17,708 (8489) | 545 (92.69) 6316 (8417) | 45(8995) | 11392(8542) | 500 (93.01)
No 3,784 (15.11) 43 (731) 1,530 (15.83) 5(1005) 2,254 (14.58) 38 (6.99)
Need Factors
Perceived health status 575
Very good/Good 6,880 (333) 187 (31.61) 2820 (37.22) | 10 (2181) 4,060 (30.4) 177 (32.78)
Fair 10,822 (5041) | 299 (50.37) 3,882 (49.06) 27 (51) 6940 (51.4) 272 (50.3)
Poor/Very poor 3,790 (16.29) 102 (18.02) 1,144 (1371) 13 (27.2) 2,646 (182) 89 (16.93)
Limitations in daily activities 581
Yes 1,651 (6:56) 34 (583) 552 (6.18) 4(565) 1,099 (6.83) 30 (5.85)
No 19,841 (93.44) 554 (94.17) 7,294 (93.82) 46 (94.35) 12,547 (93.17) 508 (94.15)
Perceived stress <001
Barely 2,964 (12.36) 52 (8.02) 1,208 (1329) 6(796) 1756 (11.68) 46 (8.03)
Low 12,636 (5866) | 303 (49.63) 4673 (5961) | 17 (3044) 7,963 (57.95) 286 (51.9)
High 4,874 (24.02) 186 (32.11) 1659 (23.06) | 23 (5044) 3215 (24.72) 163 (29.94)
Very high 1,018 (4.96) 47 (10.24) 306 (4.04) 4(11.15) 712 (5.64) 43 (10.13)
Depression 151
No 20,945 (9772) | 566 (96.65) 7743 (9872) | 49(9907) | 13202(9698) | 517 (96.36)
Yes 547 (2.28) 22 (335) 103 (1.28) 1(093) 444 (3.02) 21 (364)
Perceived body image <001
Very thin/thin/moderate 7,214 (3401) 92 (15.01) 2,486 (31.16) 5(1087) 4728 (36.12) 87 (15.5)
Fat 11,246 (5194) | 325 (54.42) 4499 (57.14) | 23 (44.69) 6,747 (48.08) | 302 (55.57)
Very fat 3,032 (14.03) 171 (30.57) 861 (11.69) 22 (44.44) 2171 (158) 149 (28.92)
Weight changes <001
Gain/No changes/Loss of 0-3 kg 18,025 (8285) | 427 (71.27) 6,342 (80.1) 33(6809) | 11,683 (84.88) | 394 (71.65)
Loss of 3-6 kg 2,519 (11.92) 84 (14.38) 1,044 (13) 6(997) 1475 (11.12) 78 (14.9)
Loss of 6-10 kg 639 (3.4) 55 (10.16) 314 (4.59) 7 (13.27) 325 (252) 48 (9.8)
Loss of 10 kg or more 309 (1.84) 22 (4.19) 146 (2.31) 4(867) 163 (1.48) 18 (3.66)
BMI (kg/m?) <.001
<23 5734 (27.4) 152 (2637) 747 (10.33) 1(098) 4,987 (40.02) 151 (29.38)
23.0-249 5,170 (2392) 135 (20.86) 2026 (25.77) 6 (14.69) 3,144 (22.55) 129 (21.59)
25.0-29.9 8,981 (4094) 210 (35.16) 4424 (5492) | 22 (4042) 4,557 (30.61) 188 (34.53)
230 1,607 (7.74) 91 (17.62) 649 (8.99) 21 (4391) 958 (6.82) 70 (14.5)
Alcohol use 009
None 5,244 (20.66) 111 (15.36) 1,170 (12.84) 3(6.51) 4,074 (26.44) 108 (16.41)
Monthly or less 6,675 (30.69) 219 (37.83) 1573 (2096) | 13 (2689) 5102 (37.88) | 206 (39.13)
210 4 times a month 5,225 (26.64) 143 (2657) 2,349 (31.7) 14 (30.87) 2,876 (22.89) 129 (26.06)
210 3 times a week 3,240 (167) 87 (15.05) 1965 (25.46) 14 (27.65) 1275 (1022) 73 (13.55)
4 or more times a week 1,108 (531) 28 (52) 789 (9.03) 6(808) 319 (257) 22 (4.85)
Cigarette use <001
None/Quit smoking 18,195 (81.06) | 527 (88.15) 5,300 (64.6) 30(6115) | 12,895 (9323) | 497 (91.35)
Occasionally 560 (32) 19 (3.68) 343 (4.83) 3(6.03) 217 (1.99) 16 (3.4)
Every day 2,737 (1574) 42 (817) 2203(3057) | 17 (3282) 534 (478) 25 (5.24)
Walking per week 576
None 2,934 (12.83) 67 (1132) 1028 (1287) | 12 (2349) 1906 (12.8) 55 (9.87)
1-2 days 3,649 (16.95) 108 (17.78) 1,323 (1661) 4(977) 2326 (17.21) 104 (18.73)
3-4 days 4751 (21.4) 135 (23.01) 1657 (2031) |10 (1827) 3,094 (2221) 125 (23.58)
5-6 days 3,941 (1891) 118 (2052) 1,392 (18.11) 8(17.88) 2,549 (1951) 110 (20.84)
Every day 6,217 (299) 160 (27.37) 2446 (32.11) | 16 (30.59) 3,771 (28.26) 144 (26.98)
Hypertension <.001
No 16,845 (8323) | 529 (92.19) 5824 (8079) | 39(8096) | 11,021 (8504) | 490 (93.52)
Yes 4,647 (16.77) 59 (7.81) 2022 (19.21) 11 (19.04) 2,625 (14.96) 48 (6.48)
Dyslipidemia 002
No 18,687 (8967) | 542 (93.76) 6,844 (8976) | 42 (87.26) 11,843 (896) | 500 (94.53)
Yes 2,805 (10.33) 46 (6.24) 1,002 (10.24) 8 (12.74) 1803 (104) 38 (5.47)
Diabetes mellitus 006
No 19,817 (93.96) 568 (96.9) 7,048 (92.73) 45 (90.15) 12,769 (94.88) 523 (97.69)
Yes 1,675 (6.04) 20 (3.1) 798 (7.27) 5(9.85) 877 (5.12) 15 (2.31)
Other chronic disease 134
No 16,983 (83.06) | 499 (85.79) 6,657 (88) 43 (8848) | 10326 (7941) | 456 (85.47)
Yes 4,509 (16.94) 89 (14.21) 1,189 (12) 7 (1152) 3,320 (20.59) 82 (14.53)

Abbreviations: BMI, body mass index.
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Total (n = 501) Osteoking group (n = 428) NSAIDs group (n = 73)

adverse events 14279) 13 (3.04) 1137) ool 0an
scrious adverse cent 0 0 0 ‘ _ _

adverse reaction 5 (1.00) 5(1.17) 0 ‘ 0.861 0353
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Total (n = 140)  Osteoking group (n = 70)

NSAIDs group (n

U

VAS score 2,00 (1.00, 3.00) 2,00 (1.00, 3.00)
WOMAC pain score 1100 (8.00, 14.00) 10.00 (8.00, 13.00)
WOMAC stiffness score 0,00 (0.00, 3.00) 100 (0.00, 3.00)
WOMAC physical function score | 34.00 (26.00, 43.00) 32,00 (23.00, 39.00)
WOMAC total score 46.00 (34.00, 60.00) 44,00 (31.00, 55.00)
EuroQol5D-3L | 081 (063, 091) 091 (073, 091)
EuroQol VAS 80.00 (70.00, 85.00) 80.00 (79.00, 90.00)

3.00 (2,00, 4.00)
11,00 (8.00, 16.00)
0,00 (0.00, 3.00)
3907 £ 1645
5331 + 2247
073 (063, 083)

80.00 (70.00, 84.00)

Normally distributed data are presented as mean + sd, Non-normally distributed data are presented as median (Q1, Q3).
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Before PSM

Total

(n=
501)

Osteoking

group
(n = 428)

Statistic

P

After PSM

Total
(n =
140)

Osteoking

group
(n =70,

Statistic

p

Gender X =0071 0790 0033 0856
Male 158 134 (31.31) 24 (32.88) 45 23 (32.86) 2 (3143)
(3154) (32.14)
Female 343 294 (68.69) 49 (67.12) 95 47 (67.14) 48 (68.57)
(68.46) (67.86)
Age 62.00 62.00 (55.00, 6600 (5800, Z=-2229 0026 | 6500 63.00 (55.00, 66.50 (5800, | Z=-1147 0251
(5500, | 71.00) 74.00) (5600, | 73.00) 74.00)
7100) 73.00)
Height 16200 | 162.00 (15800, 16200 -1054 0292 | 16000 | 160.00 (15500, | 162.00 Z=-0632 | 0527
(15800, | 169.00) (157.00, (15500, | 169.00) (157.00,
168.00) 167.00) 168.00) 166.00)
Weight 62.00 62.00 (54.00, 5900 (5200, Z=-2749 0006 | 58.00 55.65 (50.00, 5850 (5200,  Z=-0.822 | 0411
(54.00, 70.00) 65.00) (52.00, 64.00) 65.00)
69.00) 64.00)
BMI 217 23.30 (2125, 2277 (2024, -2462 0014 | 2217 2155 (2005, 277 (2021, | Z=-0709 | 0479
(2115, 25.48) 24.28) (2013, 23.97) 24.34)
2501) 24.22)
Occupation X =196 0161 0.490
Non-physical | 230 202 (47.20) 28 (38.36) 56(40) | 30 (42386) 26 (37.14)
worker (45.91)
Physical E) 226 (52.80) 45 (61.64) 84(60) | 40 (57.14) 44 (62.86)
worker (54.09)
Smoke X=0137 0711 0000 | 1000
No 465 398 (92.99) 67 (91.78) 131 66 (94.29) 65 (92.86)
(9281) (93.57)
Yes 36(7.19) | 30 (7.01) 6(822) 9(643) | 4(571) 5(7.14)
Drink X =0446 0504 0000 | 1000
No 468 398 (92.99) 70 (95.89) 134 67 (95.71) 67 (95.71)
(9341) 95.71)
Yes 33 (659) | 30 (7.01) 3(411) 6(429) | 3(429) 3 (429)
KL gread X =4495  0.106 X =2433 | 029
[ 97 89 (20.79) 8 (1096) 20 12 (17.14) 8 (1143)
(1936) (14.29)
[l 263 218 (50.93) 45 (61.64) 77(55) | 34(4857) 43 (61.43)
(525)
i 141 121 (28.27) 20 (27.40) 43 24 (34.29) 19 (27.14)
(28.14) (30.71)
VAS score 6.00 600 (5.00,600) | 600 Z=-4050 <0001 600 600 (5.00,7.00) | 6.00 Z=-0341 | 0733
(500, (500, 7.00) (5.00, (5.00,7.00)
6.00) 7.00)
'WOMAC pain | 2000 18.00 (13.00, 23.00 (21,00, -4535 <0001 | 22.00 2200 (18.00, 23.00 (2100, | Z=-0434 | 0.664
score (1400, | 24.00) 26.00) (2000, | 26.00) 26.00)
24.00) 26.00)
WOMAC 5.00 500 (2.00,8.00) | 2.00 -4238 <0001 | 2.00 200 (0.00,600) | 2.00 Z=-0321 | 0748
stiffness score | (200, (0.00, 6.00) (0.00, (0.00, 6.00)
8.00) 6.00)
WOMAC 68.00 66.00 (46.00, 7600 (62.00, -2726 0006 | 74.00 73.00 (59.00, 76.00 (6200, | Z=-0565 | 0572
physical (4800, | 80.00) 83.00) (60.00, | 81.00) 83.00)
function score | 80.00) 83.00)
WOMAC total | 93.00 90.50 (63.00, 103.00 -2696 0007 | 10000 | 9500 (81.00, 102.00 Z=-0604 | 0546
score (66.00, 109.00) (90.00, (82.00, 112.00) (89.00,
109.00) 111.00) 111.00) 110.00)
EuroQolsD- | 0.54 0.54 (0.54,065) 054 Z=-1363 0173 | 054 054 (0.40,054) | 054 Z=-1467 | 0142
3L (054, (040, 0.54) (040, (0.40,0.54)
0.63) 0.54)
EuroQol VAS | 50.00 55.00 (45.00, 45.00 (40.00, -3129 0002 | 45.00 50.00 (41.00, 45.00 (4500, | Z=-0080 | 0936
(4500, | 68.00) 60.00) (4400, | 60.00) 60.00)
65.00) 60.00)

Normally distributed data are presented as mean + sd, Non-normally distributed data are presented as median (Q1, Q3).
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Disease

Intervention

Main Ingredients/
Acupoints

Experiment models

Mechanisms

Reference

¥aibs | D Magnoloside A (MA) ‘Magnoloside A (MA) Transient neomatl gasrc ireiation and mature | Modulting the seccton of rlted brsn-gut peptides | Xue etal. o19)
ADF-induced FD rats 1
Alering the composition of nestinal mcrobiota |
IBSD | FusiLizhong pil (LZP) | Liquirtin, gycyrhizin, IBS-D rats i th state of Spleen-Yang deficency | Affcing bacterial diversity and community structures in the host Zhen el @021)
benzoyimesaconine,
bentoylaconine,
benzoylhypsconine
Atractyloside.A Atsctyloside-A Folium sennac-induced SDD mice Regultingthe TLRA/MyDSS/NF.B signling pathway, which nhibited | Xo et a. (20229
inflammation and reguated th itestinal floa
Acupuncture or mosbuston | ST36 Acetic acd enema combined with bindin tail- | Decressng the rlative sbundance of Bactroidees and Proteobacteria, | Lai et al. (2023)
lp stressinduced 1BS.D rts incresing the rltive abundnce of Fimmicucs, decreasing the synthei of
ipopolysaccharides
™ Shugan Decoction (SGD) | Suikosaponind, Paconiforin, | WAS-induced [B5-D model ats Regulating speific ntstnal microbota and some metabolc pathways | Hang etal 2022)
5.0 Mehylvisammioside
Hesperidin, Cimcfugoside
Chang-Kang-Fang Formula | Paconifrgenone, CACS induced rats Inducing structurs changes i th gut microbots decessing the -B ato, | Ling et a. (2022)
beta-stosterol, sitosterl, and the sbundances of Corynebacteiaes and Clstridiales incresing the
mateine, e levesof Lacobacilus, providing bencicial ffcs gainst intestnal tract
motlty, high visceal sensitiiy, and behavioral abnormalites through the
microbiougutbrin ais
. uc | Rhcin Rin DSS-induced chronic coltis mice Modulating gt mictobios, indiecly changing purine metabolisms heing | Waict al. (2020)
gut microbioa composiion and inresing Lacobacilus el leading o
decresse urc acid lvels
Lycium barbarum Lycium barbsrum Glycopeptide | DS induced UC mice Modulsting the composition of microbial communitcs Huang ct ol
Gicopeptide (LbGP) (W) | oz
FOAC fractons of . HOAC factons of H. DSS induced UC mices LPS-induced RAW2647 Jin et al. (20199
atenuatum Choisy atensatum macrophage
(Ha-EOA) Choisy (HaE1OAG)
Huai hua san (HHS) Quercein,kaempicrol, naringin | DSS-induced UC rats Reducing coltis-asocated high incrased atio of Bacteroidetes to Lia et sl 20200)
and rutin Fiemicates t 3 norml leel
Berberine (BBR) Berberine (BBR) Regulstingintestinalimmune cell difsentistion by afcting the growthof B, | Zheng ct s,
fogiic | o)
SENESan (SN5) Gallc acid, Catechin, DS induced acute colts mice: Deceesing abundance proinflammatory species,upregulting abundance of | Cai et a. 2023)
Chlorogenic acid, antinflammatory spcies
Liguiritn,slbilorin, et |
Altring miceabioa metaboite metboli on fvoring the groth of
potentialprobiotics
Patiia vilos Jus. (PN) | Phenylpropanaids, lsonaids, | TNBS-nduced UC rts Excrtng antinflmmatory effct by impactng bile acid lves, Wang el
Terpens,Saponins, cic. activating VDR Q0z2)
Ibibiing the overactvation of NF-xb signsling pathvays |
Ginsenoside Rg1 Ginsenoside Rg1 DS induced acute colts mice: Regulating gut miceobiots composton | Cheng et o
| (22
Regulting microbial ryptophan metabolism
Gegen Qinlan Berberin, baicaln,and DSSinduced cols mice Regulting gt microbioty-related ryptophan metabolism | Wang etal
decoction (GQD) puerarn,ctc | oy
Restorin the generaton of indole deivatves o ctvte ABR-medized I
2 production
Atractylodes macrocephala | Atractylodes macrocephala DSS-induced acute UC mice Decreasing potentially harmful bacteria Cheng et al.
Koidz. (AM) Koidz. voltil il (AVO) | oy
Enriching potentlly beneficial bacteris slterin gat microbiota metsbolism
by eelating 56 gut microbiota metaboltesinvolved in 102 KEGG pathwoyss
‘maintaning intstine homcostasis by many metabolsm pathays amino
acid metabalism (especialy tryptophan metabolism),bile acids metabolism,
and retinol metabolism
Procesed Viadimiriac Costnalide (€OS), DSSinduced UC rats Modulatingthe structure of gt microbiots:reversing the reduced sbundance | Yu et a. (2021)
Radis (pVR) and raw dehydrocosts lactone (DEH) ofntestina lors correcting inccase ofcytdin, N6-acetylL ysine and -
Viadiniriae Radis (+VR) lanine, and decrsse of 2-Aminonicoie cid
Regalating the disorder of metablite and thei ested metabolc pathwsys
which contribued o th development of cols
Lishong decoction (1ZD) | Gingerols, Ginsenosides, DSSnduced cols mice Incrasing speces number, restorng th richness Zouetal. (20200)
Awsctylone,
Orange lincleu, Hemere, Deceasing the exprssion of 16, TNF-a (except L-VR) and IL-10
Iocugenol, Glyeyrhetc acid,
Psitostero, lavonoids, and
Hydroxycoumarins
Paconol (pse) -hydrony- #-methosy Incresing C. buricum nd SCPAS production Zhao a sl
sccophenone (023b)
“The methanol exractof | Lutcoln, erodityal, fictin, | DSS-induced colts mice Improving intestinal flora with down.-regulting th sbundance of harml | Ve t sl 2023)
Schizonepeae Spca (ISM) | and Kaemperol bsctera such s Clostridales and Deslfovibrio and up-regulatng the
abundanceof benfcal bacteri such as Muribacuace and
Ligolactobcils
Enbancing the producion of SCFAS
Schisandra chinensis D-glucosamine, thamnose, Regulating the imbalance of gut microbiota | suetal Qo)
polysccharde (SCP) ghucose, D-galactose |
Dxylose and D-srabinose Incrasing the content of SCFAS;reglating metabolism of gut mictobiota
Pulsatill decocton (PD) | Aesculin, Acsculetn, DSS-induced UC mice Maintsning the homcostsis and diversity of gt microbiota | N et o2y
Jtcorhizine |
Hydrochloride, Palmatine Increasing the content of SCFAS
ehloride
Berberne, Pulsatlasponin B4 Repairing the colonic mucosal barier
“The main active components | Pucrarin, Baialin, Besberine, | DSS-induced UC rats Regulating th gut microbiota by incressing Akkermansia and Rombousia, | Li et al. (2021b)
of awei Gegen Qinian Giyeyriic scid, Magnolol deceasing Excherichia-Shigela
Decoction (PBM) |
Incrasingthe producton of propionate and total SCFAS, rgulting medium
and long chsin fty acds (M-LCFAS), maitain bile acids (BAS)
Homeostsis, and reglating amino acids (AAS) metabolim
18D EA BL25, 5125 HED-induced 1BD mice Decreasing the Firmicutes/Bacteroidetes rato. |
Activating the Nt2 signling pathveays inhibitng intestinal inflammation
and eroptoss
ADF,acenate.day fsing ABR, ey hydrocabon rcepors -, Firmictes- ctrdetss HED, igh-at it KEGG, kyotoeneyclopedis fgens and genomes SCFAshot chain ity acidssSDD, splecndeicency direhess VDR, Vitamin D receptor WAS,wter

RS
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Type

FGIDs

Disease Intervention

FD Xiaoerfupi (XEFP)

Modified Liu-Jun-Zi
(MLJZ)

Paeoniflorin

Main Ingredients

Taraxerone, N-Methyltyramine,
Ergotamine, Cis-Geraniol, etc.

D-Isoboldine, B-lonone, a-
Curcumene, Licoflavone A,
Obovatol, Cotunolide

Paeoniflorin

Experiment models

Administration of
iodoacetamide (IA) and
interval fasting-induced FD
rats.

Iodoacetamide gavage and tail
clamping method-induced FD
rats

Todoacetamide or clonidine-
induced FD rats

Mechanisms

Regulating the HTR;A and
cFOS

Alleviating visceral
hypersensitivity in D by
regulating EC cell-SHT,r
signaling in duodenum

Inhibiting the AChE activity;
increasing the levels of ACh and
ghrelin

Up-regulating the expression of
adhesion proteins (occludin and
Z0-1)

Reference

Ji et al. (2019)

Zhao et al.
(2020)

Zouet al.
(2020b)

RNI12, ST36

Sequential tail clamping, an
irregular diet, and ice water
gavage-induced FD rats

Decreasing the levels of CRE and
CRE-RI in the hypothalamus
and duodenum, and decreasing
serum corticotropin-releasing
hormone and
adrenocorticotropic hormone
Tevels

Liu et al. (2024)

IBS-D Cinnamon extract

Procyanidin B1/B2, catechin,
cinnamic acid, cinnamyl alcohol,
cinnamic aldehyde

MS IBS-D rats; TNBS-induced
post-inflammatory IBS-D rats

Inhibiting Tph1 expression and
controlling 5-HT synthesis

Yuetal. (2022a)

Puerarin

Puerarin

NMS and ACAAS-induced
rats

Inhibiting activity of the HPA.
axis by the suppressed
expression of CRF

Enhancing the proliferation of
colonic epithelial cells by up
regulating the expression of p-
ERK/ERK and repairing the
colonic mucus barrier by up
regulating occludin expression

Wang et al.
(2021)

IBD

1BS Shugan

decoction (SGD)

SaikosaponinA, paconiflorin, 5-
O-Methylvisammioside,
hesperidin, and cimicifugoside

SERT-KO rats

Down regulating M;R
expression in the colon

Wang et al.
(2020)

Resveratrol

uc Centella asiatica

Resveratrol

Asiaticoside

CACS-induced IBS rats

DSS-induced mice

Regulating 5-HT, A-dependent
PKA-CREB-BDNF signaling in
the brain-gut axis

Improving anti-IBS-like effects
on depression, anxiety, visceral
hypersensitivity and intestinal
motility abnormality

Promoting c-Kit expression in
the colon and 5-HT in the brain

Up-regulating the expression of
tight junction protein (ZO-1, E-
cadherin), suppressing
inflammatory cell infiltration
with decreased MPO activity in
the colon

Yu et al. (2019)

Lietal. (2021a)

Shaoyaotang (SYT)

Tongxie Yaofang

Quercetin, kaempferol -
Sitosterol, etc.

Sitosterol, 12-senecioyl-
2E,8E,10E-atractylentriol, beta-
sitosterol, benzoyl
paconiflorin, etc.

DSS-induced mice

‘TNBS/ethanol solution enema
+ restraint stress + diet loss-
induced liver depression and
spleen deficiency UC rats

Regulating 5-HT degredation
pathways

Up regulating the expression of
SERT in the colon to reduce the
content of 5-HT; reducing the
content of 5-HT and the
expression of 5-HT,,R in the
liver

Increasing the level of SOD

Lietal. (2023b)

Luo etal. (2021)

Improving hepatic 5-HT;,R
expression via regulation of the
peripheral 5-HT

autophagy via stabilization of the
hepatic lipid metabolism

Zhang et al.
(2022d)

Changing the level of hepatocyte

EA

ST36

TNBS-induced UC rats

Inhibiting the release of pro-
inflammatory

cytokines by improving
sympathetic-vagal imbalance

Jinetal. (2019b)

CD HPM

CV6, ST25

TNBS-induced CD rats

Down regulating DA and D,R
concentrations as well as D,;R
mRNA expression

Lu et al. (2019)

SHT; R, 5-hydroxytryptamine 2A receptor; SHTr, 5-hydroxytryptamine 3 receptor; ACAAS, adult colonic acetic acid stimulation; AChE, acetylcholinesterase; BDNF, brain derived
neurotrophic factor; CACS, chronic acute combing stress; c-FOS, proto-oncogene c-Fos; CREB, cAMP-response element binding protein; CRF, corticotropin-releasing receptor; DR, dopamine

receptor 1; DA, dopamine; EC, enterochromaffin cell; HP A, hypothalamic-pituitary-adrenal; HPM, herb-partitioned moxibustion; HTR;A, 5-hydroxytryptamine receptor 3A; M.

receptor subtype-3; MS, maternally separated; SERT, serotonin transporter; SERT-KO, serotonin transporter-knockout; Tphl, Tryptophan Hydroxylase 1.

R, muscarinic
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Disease

FD

Intervention

Liangfu Pills

Main Ingredients/

Acupoints

Poriferast-5-en-3beta-ol, 1,7-
iphenyl-5-hydroxy-3-
heptanone, etc.

Experiment
models

FD rats

Mechanisms
Down-regulating the expression
levels of TRPV1/CGRP

Increasing the expression of
S5HT

Reference

He et al. (2022)

EA

$T36

ED rats

Improving impaired GSW,
mediating via the afferent
central pathway involving the
NTS and the vagal cholinergic
efferent pathway

Zhang et al.
(2020)

1BS-D

Tongxie-Yaofang

Sitosterol, 12-senecioyl-
2E,8E,10E-atractylentriol, beta-
sitosterol, benzoyl
paconiflorin, etc.

NMS and RS-induced
rats

Improving synaptic plasticity
through inhibiting the activity of
EGCs and the NGF/TrkA
signaling pathway in the colon

Lu and Zhang
(2023)

Patchouli alcohol (PA)

Patchouli alcohol (PA)

Chronic restraint stress-
induced IBS-D rats

Modulating LMMP excitatory
neuron activities, improving
intestinal motility and
alleviating 1BS-induced
diarrheal symptoms; decreasing
visceral sensitivity; reducing the
proportion of excitatory LMMP
neurons in the distal colon;
decreasing the number of ACh-
and SP-positive neurons in the
distal colon

Restoring the levels of ACh and
P in the IBS-D rats

Chen et al.
(2022a)

IBD

uc

Lycium barbarum
polysaccharides (LBP) and
capsaicin (CAP)

Lycium barbarum
polysaccharides (LBP) and
capsaicin (CAP)

DSS-induced UC rats

Inhibiting protein expression of
TRPVI and TRPAL

Inhibiting oxidative stress,
proinflammatory cytokines

Chen et al.
(2022b)

ACh, acetylcholine; CGRP, calcitonin gene-related peptide; GSW, gastric slow wave; LMMP, longitudinal muscle myenteric plexus; NMS, neonatal maternal separation; NTS, nucleus of the

solitary tract; RS, restraint stress; SP, substance P; TRPV]1, transient receptor potential var

lloid 1; TRPAL, transient receptor potential ankyrin 1.
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Type Disease Intervention Main Ingredients/ Experiment Mechanisms Reference

Acupoints models
FGIDs D Triterpenoid, water- Triterpenoid; water-soluble ~ Alternate-day fasting and |~ Promoting the repair of Tu etal. (2022)
soluble polysaccharide  polysaccharide; acidic WLES-induced FD rats  gastrointestinal mucosa; regulating
and acidic polysaccharide | polysaccharide the balance between the Th1/Th2 axis

and the Th17/Treg axis

Regulating brain-gut peptides more
effectively, enhancing immunity

Enhancing immunity via the TLR
and JNK signaling pathways

Wei-Tong-Xin (WTX) chlorogenic acid,  CIS-induced FD rats Inactivating the TLR4/MyDSS Zhang et al.
liquiritin, aloe-emodin, etc. signaling pathway to inhibit the (2022¢)
occurrence of gastric antral
inflammation

Reversing the inhibitory effect of
GLP-1 on gastric motility

EA ST36 Todoacetamide combined | Inhibiting duodenal mast cells Dong et al.
with rat tail clamping (2022)
method-induced rats Regulating the expressions of NGF

and its receptor to improve the low-
grade inflammatory response of

duodenum
Chronic visceral hyper- | Ameliorating visceral hypersensitivity | Yang et al.
Sensitivity rats via decreasing the level of pro- (2019)

inflammatory cytokines; down
regulating TLR4 expression, decreasing
the release of mast cell

1BS-D Berberine-Based Chinese  Berberine and baicalin Chronic restraint stress  Reducing the levels of 5-HT, VIP,  Li et al. (2020¢)
medicine assembled plus Senna alexandrina and CHAT in colon tissues or of
nanostructures Mill decoction-induced serum; reducing the expressions of
IBS-D mice NF-KB in colon tissues and changed

the levels of BASO and LYMPH in
whole blood

Altering intestinal flora of
Bacteroidia, Deferribacteres,
Verrucomicrobia,
Candidatus_Saccharibacteria, and
Cyanobacteria

1BS Chang’an 1T Paceoniflorin, hesperidin, ‘TNBS-induced PI-IBS rats | Increasing CD4'/CD8" cell ratio in | Wang et al.
atractylenolide, etc. lamina propria and submucosa, (015)
reducing IL-1p and increasing IL-4
expression in intestinal mucosa

1BD uc Berberine Berberine DSS-induced Enhancing the population and Li et al. (2020b)
experimental colitis mice  residence of EGCs and regulating the
enteric glial-immune-epithelial cells
interactions

Qinghua Quyu Jianpi Beta-sitosterol, sitosterol, DSS-induced UC mice Activating the Wnt pathway to Qu et al. (2023)
Decoction (QQID) Spinasterol, etc. promote epithelial cell renewal,

reducing apoptosis, and repairing

the mucosal barrier; activating the

Wat pathway by inducing nuclear

translocation of -catenin,

accelerating the cell cycle and

promoting cll proliferation

Sargentodoxa cuneata | Protocatechuic acid, Vanillic | DSS-induced UC mice | Preserving the integrity of the Wang et al.
acid glucoside, epithelial and mucosal barrier; (2024b)
Hydroxytyrosol suppressing the mRNA expression of
glucoside, etc. pro-inflammatory cytokines by
impeding intestinal epithelial
necroptosis
Astragalus Astragalus polysaccharide | DSS-induced colitis mice | Regulating the balance of Tfh/Treg | Zhong et al.
polysaccharide cells (2022b)
Astragaloside IV Astragaloside IV DSS-induced colitis mice | Regulating the balance of Th17/Treg | Zhong et al.
cells (20222)
Baicalin Baicalin TNBS-induced UC rats Zhu et al
(2020)
Paconiflorin (PF) Paconiflorin (PF) TNBS-induced colitis Zheng et al.
mice (2020)
Compound sophorae Matrine, Oxymatrine, DSS-induced colitis mice Xu et al. (2019)
decoction Liquiritin, etc.
Kuijie decoction (KJD)  Gallic acid, Kaempferol, DsS-induced UC mice Peng et al.
Rutin, Isoquercitrin, (2024)

Genistein, Quercetin,
Hesperidin, Benzaldehyde,
Oleanolic aldehyde, Isovaleric
acid, Riboflavin,

Phloretin, etc.

Kuijieling (KJL) Mairin, 12-senecioyl- TNBS-induced UC rats Xiao et al.
2E,8E,10E-atractylentriol, (2024)
paconiflorgenone,

Inermine, etc.

Yiyi Fuzi Baijiang Benzoylmesaconitine, TNBS-induced UC rats Liu et al.
formula (YFB) Benzoylaconitine, (2023d)
Benzoylhypaconitine,
Mesaconitine, Hypaconitine,
Aconitine
Curcumin Curcumin DSS-induced UC in DB Improving the composition of gut | Xiao et al.
mice microbiota (2022)
Sophora flavescens Aiton  Kurarinone UC mice and abnormal  Regulating the balance of Th17/Treg | Li et al. (2022¢)
total flavonoids immune RAW 2647 cell  cell differentiation
extracts (SFE) models
Down regulating the JAK2/STAT3
signaling pathway
Gegen Qinlian Berberine, baicalin, and DSS-induced mice Suppressing IL-6/JAK2/STAT3 Zhao et al.
decoction (GQD) puerarin, etc. signaling to restore Treg and Th17 | (2021)
cell homeostasis
Paris polyphylla Sm. (P.P)  Polyphyllin VI DSS-induced acute colitis | Restoring the Treg/Th17 balance via | He et al. (2023)
mice the PPAR-y/STAT3/HIF-1a axis
Jiaogi powder (JQP) Quercetin, Stigmasterol, DSS-induced colitis Regulating the Th17/Treg cell Wen et al.
Maltol, Lysine, etc. C57BL/6 mice balance (2021)

Impairing DSS's ability to induce
high expression levels of NF-«B/p65,
IL-1§, IL-6, and TNF-a; reducing the
levels of COX-2, CCL2, CXCL2,
HIF-1a, MMP3 and MMP9

Celastrol (CSR) Celastrol (CSR) DSS-induced colitis mice | Improving the balances of Treg/Thl | Li et al. (20222)
and Treg/Th17

Down regulating the
production of pro-inflammatory
cytokines, up-regulating

the number of anti-inflammatory
mediators at both mRNA and
protein levels

Costunolide Costunolide DSS-induced UC mice  Inhibiting HIEla/glycolysis- Ly et al. (2021)
mediated Th17 differentiation
Cinnamon Cinnamaldehyde (CA) DSS-induced colitis Suppressing Th17 cells via SIP2 | Qu et al. (2021)

pathway
Regulating IncRNA H19 and MIAT
Cryptotanshinone (CTS)  Cryptotanshinone (CTS) DSS-induced chronic Suppressing Th17 cell differentiation | Fan et al. (2022)

colitis mice
Suppressing STATS3 activation

Qing-Chang-Hua-Shi Berberine, Baicalin, DSS-induced mice Driving Th17 cell differentiation by = Cheng et al
granule (QCHS) Coumarin, Ferulic acid, activating NLRP6 inflammasome (2022a)
Paconiflorin, etc. pathway

Regulating the maturation of 1L-1
and IL-18 to affect inflammation

Xianglian pill (XLP) Coptisine, Palmatine, DSS-induced UC mice | Inhibiting Th17 cell differentiation al. (2021)
Berberine, Quercetin, etc. by suppressing the JAK2-STAT3
pathway
DSS-induced UC rats Inducing the differentiation of Treg | Liu et al.

possibly by the regulation of the (2023b)
PHD2/HIF-1a pathway via

decreasing microbial succinate

production

DSS-induced UC mice Regulating the TLR4/MyD88/NF-kB = Dai et al. (2023)

signaling pathway
DSS-induced colitis mice; | Regulating macrophage alternative | Zhou et al.
BMDMs, PBMCs, activation via tipping the balance of | (2023a)
RAW2647 and THP-1  STATI/PPARy
cells
Chimonanthus nitens Scopoletin, Isofraxidin, DSS-Induced colitis mice  Inhibiting immune-inflammatory | Huang et al.
Oliv. leaf granule (COG)  Scoparone, Rutin, responses and oxidative stress; (20220)
Chimonanthine, regulating mTreg cell responses
Calycanthine
Glycyrrhiza uralensis Liquiritin, glycyrrhizic acid ~ DSS-induced BALB/c rats |~ Affecting the protein expression of  Shi et al. (2022)
Fisch TLR4/MyDS8/NF-kB
Altering the imbalance of Th-cell
differentiation
B-patchoulene (B-PAE)  B-patchoulene (B-PAE) DSS-induced UC mice  Suppressing TLR4/MyDSS8/NF-xkB | Liu et al.
and ROCKI1/MLC2 signaling (2020¢)
pathway
Oxyberberine (OBB) Oxyberberine (OBB) DSS-induced acute colitis | Regulating the TLR4/MyDS8/NF-xB | Li et al. (20202)
mice signaling pathway
Portulaca oleracea L. Mannose, Rhamnose, DSS-induced colitis mice Yang et al.
polysaccharide (POL-P)  Glucuronic acid, (2023)
Galacturonic acid, Glucose,
Galactose, and Arabinose
Sanhuang Xiexin Baicalin, Berberine, DSS-induced UC mice  Inhibiting the expression levels of p- | Wu etal. (2022)
decoction (SXD) Wogonoside, etc. IxBa, TLR4, MyD88, and p65

Inhibiting the expression of
inflammatory cytokines and
oxidative stress indicators

Anemoside B4 Anemoside B4 DSS-induced coliis rats | Inhibiting the activation of the TLR4 | Ma et al. (2020)
signaling pathway, down regulating
the expression of key proteins in the
TLR4/NF-xB/MAPK signaling
pathway

Methyl gallate (MG) Methyl gallate (MG) DSS-induced UC mice  Regulating the TLR4/NF-xB Zhou et al.
pathway (2022)

Vitexin Vitexin DSS-induced colitis mice Duan et al.
(2020)

Honokiol Honokiol DSS-induced UC rats Activating the PPAR-y-TLR4-NF- Wang et al.
XB signaling pathway (2022b)

Inhibiting gasdermin-D-mediated
cell pyroptosis

Baicalin and emodin Baicalin and emodin DSS-induced colitis rats Decreasing the expression of CD14/ | Xuetal. (2021a)
TLR4/NF-xB pathway proteins

Increasing the expression of PPAR-y
protein

Ping weisan (PWS) Liquiritin, Hesperidin, DSS-induced colitis mice | Reducing TNF-a, IL-1p and IL-12 | Zhang et al.
Tsoglycyrrhizin, production (2019)
Atractylenolide 111,
Glycyrrhizic acid Suppressing NE-xB pathway
activation by regulating the
expression of TLR4 and PPARy

Ethanol extract of Piper  Isofutoquinol A, hancinone  DSS-induced UC in Inhibiting protein expression of Zhao et al.
wallichii (EEPW) G, futoguinol, etc BALB/c mice TLR4, p-IkB-q, p-p65, and COX-2; | (2023a)
affecting TLR4/NF-kB/COX-2
signaling pathway

Clinopodium chinense | Triterpene and phenolic LPS-induced RAW Inhibiting inflammation by LPS- | Wang et al.
Kuntze (CC) compounds 2647cells and DSS- TLR4-NF-xB-iNOS/COX-2 (2023b)
induced UC rats signaling pathway

Restoring the abnormal endogenous
metabolite levels

Schisandra chinensis Dibenzocyclooctene lignans  DSS-induced colitis mice  Regulating the Bian et al.
(Turcz.) Baill. ‘TLR4/NF-xB/NLRP3 (2022)
extract (SCE) inflammasome pathway

Reversing the
GM imbalance

Ganluyin (GLY) Naringin, neohesperidin, DSS-induced UC mice | Improving the colonic mucosal Xiong et al.
baicalin, wogonoside barrier (2022)

Inhibiting the enteric-origin LPS/
TLR4/NF-xB inflammatory pathway

Increasing the expression of the tight
junction proteins, occludin, clau
1, and ZO-1

Angelica oil (AO) Ligustilide, linoleic acid DSS-induced UC rats Enhancing the expression of TJs | Liu et al.
(20232)
Inhibiting the activation of the
S100A8/A9/TLR4 signaling pathway

Phillygenin (PHI) Phillygenin (PHI) DSS-induced colitis mice | Inhibiting the activation of tyrosine | Xueetal. (2023)
kinase Src mediated by TLR4, then
reducing the phosphorylation of
downstream proteins p38, JNK, and
NE-kB

Protecting goblet cells, promoting
gene expressions of Cleal, Slc26a3,
and Aqp8, reducing epithelial cell
apoptosis, reversing the levels of
oxidative stress (MPO, SOD, and
MDA) and inflammatory cytokines
(TNF-q, IL-1B, IL-6, and IL-10)

Increasing Ts: ZO-1 and occludin

20(8)-Protopanaxadiol 20()-Protopanaxadiol DSS-induced UC mice Blocking the binding of HMGBI to | Chen et al.
saponins (PDS) saponins (PDS) TLR4 (2023)

Ulva pertusa Rhamnose, aspartic acid, DNBS-induced colitis Modulating innate and adaptative | Ardizzone ct al.
lipid, etc. mice immune-inflammatory responses; | (2023)
modulating TLR4 and NLRP3

inflammasome

Oxymatrine (OMT) Oxymatrine (OMT) DSS-induced colitis mice | Inhibiting the TUR/NF-kB signaling | Liu et al.
pathway (20230)

Regulating the crosstalk of
inflammatory DCs and GM

Wu-Mei-Wan (WMW) ~ Gitric acid, Phellodendrine, ~ DSS-induced colitis mice | Inhibiting the Notch/NF-xB/NLRP3 | Yan etal. (2022)
ferulic acid, Coptisine, pathway to inhibit the activation of
Jatrorrhizine, etc colonic macrophages

Promoting the proliferation of
colonic stem cells by regulation of
the Hippo/YAP signaling pathway

Coptisine (COP) Coptisine (COP) DSS-induced UC mice  Increasing the expression of Zhao et al.
METTLI4, which enhanced m6A | (2024)
methylation and ultimately
improved the stability of TSC1
mRNA

Regulating the polarization of

macrophages

Platycodin D (PLD) Platycodin D (PLD) DSS-induced colitis mice | Increasing and protecting intestinal | Guo et al.
and LPS-induced barrier protein: ZO-1, occludin and | (2021b)
inflammation mice claudin-1

Regulating macrophage polarization
via activation of AMPK

Compound sophorae Matrine, Oxymatrine, Gallic  DSS-induced colitis mice | Regulating notch signaling, Wuetal. (2021)
decoction (CSD) acid, Liquiritin, Glycyrrhizic decreasing the ratio of M1/M2
acid, Ginsenoside Rb1,
Notoginsenoside R1, Indigo, Up regulating the expression of ZO-
Indirubin 1 and occludin
Up regulating the secretion of MUC2
Tongxie-Yaofang, Sitosterol, 12-senecioyl- DSS-induced colitis mice; | Interfering with macrophage Zhang et al.
formula (TXYE) 2E,8E, 10E-atractylentriol, LPS, IFN- and ATP- infiltration and polarization by (2022b)
beta-sitosterol, benzoyl induced BMDM cell repressing NF-xB/NLRP3 signaling
paconiflorin, etc. pathway activation
Fructus ligustri Kaempferol, lueolin DSS-induced colitis mice  Reducing the transition of mgs to | Yu et al.
lucidi (FLL) the proinflammatory phenotype, | (2022b)
promoting Mgs-regulated wound
healing
Suppressing the production of ROS
in 10s and crypts
Cinnamaldehyde (CA)  Cinnamaldehyde (CA) DSS-induced colitis mice | Inhibiting NLRP3 inflammasome | Qu et al. (2019)
activation and miR-21 and miR-155
levels in colons and macrophage
Geniposide Geniposide DSS-induced acute colitis | Suppressing NLRP3 inflammasome | Pu et al. (2020)
mice; LPS-induced in macrophages by AMPK/Sirt1-
BMDM cell or RAW264.7 | dependent signaling
cell models
American ginseng (AG) | Panaxynol (PA) DSS-induced colitis mice | Activating the Nrf2 pathway and | Chaparala et al.
decreasing the oxidative stress in (2020)
m®s and colon epithelial cells
Wei Chang An Cynaropicrin, isorhamnetin, | TNBS-induced UC rats; | Inhibiting inflammation-induced | Qi et al. (2023)
pill (WCA) cucalyptol, etc. LPS-induced monocyte  EMT progression
THP-1 cells
EA ST36 DSS-induced colitis rats  CXCLI is the target of EA, Zhang et al.
underlying immune mechanism (2023a)
related to Thl cytokine IEN-y
[e3) Xue-Jie-San (XJS) Daidzein, Loureirin B, TNBS-induced colitis rats |~ Restraining ferroptosis in IECs to | Gao et al.
Dehydrocostus lactone, ameliorate experimental colitis by | (2023)
Atractylenolide T inhibition of FGLI/NF-KB/STAT3
positive feedback loop
Brucea javanica oil Oleic acid, linoleic acid TNBS-induced CD rats  Suppressing TLR4-linked NF-xB | Huang et al.
emulsion (BJOE) signal pathway and down-regulating | (2019)
inflammatory mediators
1BD Indirubin (IDRB) Indirubin (IDRB) DSS-induced colitis mice | Regulating the differentiation of T | Zhang et al.
cells by mediating the maturation of = (2023¢)
BMDCs through aVps8
EA BL2S TNBS-induced IBD mice | Activating CB2 receptors and Zhang et al.

subsequent inhibition of (2022a)
macrophage activation and
expression of IL-1§ and iNOS

3-HT, 5-hydroxytryptamine; ATP, adenosine triphosphate; AMPK, AMP-activated protein kinase; BASO, basophil granulocyte; BMDCs, bone marrow-derived dendritic cells; BMDM, bone
marrow derived macrophage; CCL2, C-C chemokine ligand 2; CHAT, choline acety transferase; CIS, cisplatin; COX, cyclooxygenase; CXCL2, CXC, motif chemokine ligand 2; DB, C57BLKS/]
(~/-) mice; DCs, dendritic cells; DNBS, 2,4,6-dinitrobenzene sulphonic acid; DSS, dextran sulfate sodium; EGCs, enteric glial cells; EMT, epithelial-mesenchymal transition; FGLI, fibrinogen-
e protein I; GLP-1, glucagon-like peptide 1; GM, gut microbiota; HIF-1a, hypoxia-induced factor 1 alpha; HMGBI, high mobility group box I; IECs, intestinal epithelial cells; IFN; interferon;
1L, interleukin; iNOS, inducible nitric oxide synthase; IOs, intestinal organoids; JAK2, Janus kinase 2; JNK; ¢-Jun N-terminal kinase; IncRNA, long non-coding RNA; LPS, lipopolysaccharides;
LYMPH, leukomonacyte; MAPK, mitogen-activated protein kinases; MDA, malondialdehyde; METTL14, Methyltransferase Like 14; MIAT, myocardial infarction associated transcript; miR,
icroRNA; MLC2, myosin light chain 2; MMP, matrix metalloproteinases; mgs, macrophages; MPO, myeloperoxidase; mRNA, messenger RNA; MUC2, mucin 2; MyD88, myeloid
fere xB, nuclear factor-kappa B; NGF, nerve growth factor; NLRP, NOD-like receptor family pyrin domain containing; Nrf2, nuclear factor erythroid-2-related factor 2;
PBMCs, peripheral blood mononuclear cells; PHD2, prolyl hydroxylase domain 2; PI3K, phosphoinostide 3-kinase; PI-IBS, post-infectious irritable bowel syndrome; PPAR-y, peroxisome
proliferator activated receptor gamma; ROCK1, Rho-associated kinase 1; ROS, reactive oxygen species; S1P2, sphingosine-1-phosphate receptor 2; SOD, superoxide dismutase; STAT, signal
transducers and activators of transcription; Tth, T follicular helper cells; Th, T helper; THP-1, human myeloid leukemia mononuclear cells; TJs, tight junction proteins; TLR, toll-like receptor;
TNBS, 2, 4, 6-trinitrobenzene sulfonic acid; TNF, tumor necrosis factor; Treg, regulatory T; TSC1, Tuberous sclerosis complex 1; VIP, vasoactive intestinal polypeptide; WLES, Weight-loaded
forced swimming; YAP, Yes-associated protein; ZO-1, Zonula occludens-1.

ion factor 88;
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Type Disease Trial design Intervention Control Treatment Outcomes Reference

duration
WGms D Biing Weitong 20 Oral Biling Weitong Granules | Oral placcbo 5 g 3 times | 6 weeks vas Wen et al. (2020)
Granles blind, multi-center, 583 times dily daily
plccbo-contrlled,
parallel group, stratified
Fawei Xisoyao pill 14 Randomized, multi-center, | Jiawei Xitoyao pill. 12/d 65 | Placebo, 12 g/d, 6.8 2 times | 4 wecks ais Chenetal. (2020)
Placebo-controlled 2 imes daly daily
QZhi-Wei-Tong, 197 Randomized, double- | Qi-Zhi-Wei-Tong granules, | Placebo, 25 grhag 25/ | 4 weeks Total effctive rate of Suetal. (2018)
granules blind, multi-center, 25 glbag, 25 gtime, 3 times | time, 3 times daily dyspeptc symptoms
placebo-controlled daily
Xing sha Liujunsi | 216 Randomized, double- | Xiangsha Livjunzi Granules, | Placebo, 14 g/bag, 1 bug/ | 4 wecks PDSS Ly etal. 017)
granles blind, mult-center 14 glbag, 1 bagltime, 3 times | time, 3 times daily
Placebo-controlled daily
Modified LiujunZi 160 Randomized, double- | Modifed LiujunZ decocton, | Placcbo 150 mL (S0C), 2 | 4 weeks DS, $DS" Zhang etal.
decoction blind, placebo-controlled | 150 mi. (S0C), 2 times daily | times daily o)
EA m Randomized, double- | Group A: STA2, ST40, ST36, | Group E: sham acupuncture | 4 weeks Nepean Dyspepsia Index, | Ma et al. (2012)
blind, mult-center ST34; Group B: ST38, ST35, | of nom-acupoints; Group F: Symptom Index of
controlled ST35, ST32; Group C: BL21, | itopride, 50 mg/time, 3 times Dyspepsia scale forms
CVI: Group D:GB40,GBY7, | daily
GB34, GB36;0.5-15 mA, 2/
100 Hz, 30 min
Acupunciure 7 Randomized, rple-bind, | Verum acupuncture: DU20, | Sham acupuncture, 20 min, | 4 weeks The response rate the Yang et al
mli-cente, sham- RNI2,ST25, RN, PC6, | 3 sesions weekly dimination rate (20200)
controlled RNI7, ST36, $P4 and
individually selected
acupoinis: SP3, LRS, ST44 20
min, 3 sessions weekly
EDIBSD | EA m Randomized, prospective, | He EA group, Shu-Mu EA | Loperamide group: oral | 4 weeks Stool frequency Zheng et .
parallel group controlled | group, He-Shu-Mu EA group: | loperamide 2 mg 3 times o)
LU ST37,ST25, BL2S; | daily
Intensity (until the.
nociceptive flexon reflex was
achieved in a patient), 15 Hz.
IBSD | TongXicYaoFang | 160 Randomized, double- | Tong-Xie-Yao-Fang granules, | Placcbo, 25,4 gtime, 3 times | 4 weeks vas Chenetal. (2018)
granules blind, placebo-controlled | 25.4 ghime, 3 imes daily | daily
10 Randomized, controlled | Tong-Xie-Yao-Fang granle, | Miyarisan, 2 tablettime, 3| 4 weks Brisol score Pan et al (2009)
1 packageftme, 2 imes daily | times daily
184 Tongie Yaofang Gramules, 2 | Bifdobacterium lactobacills | 4 wecks “Traditional Chinese Zhang etal.
doses daily ripl combination tablets, Medicine Syndrome (2023)
500 mgtablet, 2 tablet/ime, Scoring, IS-BSS, IBS-QOL
3 times daiy
Personalized tongi | 1044 Randomized, binded, | Personalized tongsie, warm | Pinaverium 50 mg/ablet, 3 | 4 weeks Abdominal pan, Brisol | Fan et al. 2017)
formula mult-center, placcbo- | decocton, 3 times daly times daiy: lacebo, 3 times stool form scle
controled daily
Changan | Recipe 26 Randomized, double- | Changan | Recipe, 150 mL/ | CM placebo, 150 mUbag, 1 | 8 wecks 185555, AR Tangetal. (2018)
blind, multi-center, bag, 1 bag/time, 3 times daily | bag/time, 3 times daily
plcbo-controled
Yigan Fupi Decocton | 122 Randomized, controlled | Yigan Fupi Decoction, | dose | Pinaverium Bromide Tablet, | 4 wecks 1Bs-BSS Chenetal. (2014)
daily, divded into 2 doses | 50 mpil, piliime, 3
times daily
Tiaohe Ganpi Hexin | 40 Randomized, controlled | Oral Tiaohe Ganpi Hexin | Oral pinaverium S0mg, 3 | 4 weeks TCM syndrome score, total | Liangetal. (2009)
Decoction Decoction 1 time daily times daly abviously effective rae,
disppearance rate of
symptoms, and dlinical
symptom score
Mild moxibustion k3 Randomized, controlled | ST25, ST36; 43C + 1°C,30 | ST25,ST36:37C £1°C,30 | 6 weeks “The global treatment effect | Wang et al.
min, 3 times weckly min, 3 times weekly questionnaire, IBS-S55, | (20226)
1B5-QOL
Acupunciure el Randomized, controlld | Regulating mind and splecn: | Oral Pinaverium bromide | 6 weeks 185555, PSQI Lietal. Go17)
GV20, GV29, ST25, ST36, | tablet, 50 mgtime, 3 times
ST37, %6, LRS: 30 min, once | daily
every othe day, 3 times
weekly
BSD, | Acwpuncure S19.BS-D n = | Randomized, multi-center, | Tiaoshen Jianpi: GV20, inaverium group: 50 mg/ | 6 weeks 185555 Guoetal. (2021a)
1Bs.C 32,15Cn | controlled GV29,5T25, 5137, 36,596, | pil, 50 myime, 3 time/d 1B5-Q0L
=1 LR3;30 min,once every other | Polyethylene lycol group:
day, 3 times weckly 10 grpill, 20 glime, 1 time
daily
18 Dinggui Ol Capsule | 198 Randomized, double- | High-dose Dinggui O group | Placebo group (placebo): 50 | 2 wecks 0-10 numeric pain intensity | Zhang et al.
blind, placebo-controlled | (DGO-H): 12,3 times daly | g 3 times daily scale, aboratory inspection | (2007)
Low-dose Dinggui Oil group indicators
(DGO-L): 08 g 3 times daily
Acupuncture Y GV20,GV29, LRS, ST36,596, | PEG 4000 groups oral PEG | 6 weeks 185.555, 185-QOL Pei et al. (2020)
ST25, ST37: 30 min, once | 4000 powder 10 g, 2 sachets
every other day, 3 times | daiy
weekly Pinaverium Bromide group:
oral pinaverium bromide
{ablets 50 mg tablt, 3 times
daily
B> uc Indigo naturals s Randomized, double- | Indigo naturalis 250 mg, | Placebo, 4 pillime, 2 imes | 8 wecks Mayo score Naganuma et al
blind, mult-center 125 mg, 625 mg Respectively | daily o)
4 pillime, 2 times daly
Composte Sophora | 160 Randomized, double- | Oral Composite Sophora | Oral Etiasa 1 fime, 4 times | 8 wecks Comprehensive therapeutic | Tongetal. (2011)
Colon-soluble Capsules blind, multi-cente, Colon-soluble Capsules 04 g/ | daily and Composite efcacy, efects on
placebo-controlled pill.4 pillime, 3 times daly | Sophora Colon-soluble syndrome, safey of
and Etasa simulated placebo | Capsule simulated placebo 4 teatment, changes of
1 gime, 4 times daily pilltime, 3 times daily endoscopic fetures,
Chinese medical syndrome.
scores and symptom score,
Al of UC, microscopic
pathology
A Paniculata ethanol | 224 Randomized, double- | Oral capsules containing A. | Oral placebo, 3 times daily | 8 wecks Mayo Score Sandborn etal.
extract (HMPL-004) blind, mult-center paniculata cthanl extract o)
placebo-controlled (HMPL004) at doses of
1200 mg or 1800 mg.
administred in three divided
doses
0 Randomized, double- | HMPLO04 400 mg tds, | Mestlazine SR Granules | 8 wecks General evaluation, clinical | Tang et al. (2011)
blind, multi-center 1200 m daily 1500 mg tds, 4.500 mg. evalation
daily
Fufanghashen colon- | 320 Randomized, double- | FCC plus HD placebo HD plus FCC placcbo (at | 8 weeks Mayo score Gongetal.(2012)
conted capsule blind, multi-center, reatment (at advised dosage) | advised dosage)
double-dummy, controlled
Qingehang Husshi | 60 Randomized, controlled | Qingehang Huashi Recpe, 1 | Mesalazine Enterc-conted | 8 wecks “The symptom integral, the | He et al. (2012)
Recipe dose cach time, decocted | Tablet 025 g/tablt 1 8/ colonoscopic resuls, the
tvice, mixed to 300 mL taken | time, 4 times daly pathological efcacy, the
in two portions: combined remision rate
with enema of guanchang
rcipe, decocted twice, mixed
and concentrated to 120 mi.
applid before sleep every
evening,with an inerval of 12
days after 12 successive days
=y Boswellis serrata extract | 108 Randomized, double- | Boswelan 3 x 2 capsulesiday, | Placebo, 2 capslesfime, | 52 weeks coat Holtmeer et
(Boswelan) blind, multi-cente, 400 mg exch Stimes daily o
plccbo-controled
Tripterygiom wilordii | 137 Randomized, controlled, | Low-dose TWHE, 15 mg/hg/d | Mesilazine, 3 g/d 52 weeks oAt Sun et al. (2015)
Hook F open-label High-dose TWHE 20 mgrkg/d
Wormwood 20 Randomized, open label, | Seda-Crohn* capsule, 250 | Placebo. 6 wecks HAMD Krebs et al
mulicener mcapsile, 3 capsuletime, 3 010)
times daily
Acupuncture and 6 Randomized, sham Actpuncture: CV12, ST57, | Sham acupuncture 12 weeks coat Bao et al 2022)
‘moxibustion controlld, parallegroup | SP6, SP4, LIS, KI3, Li4, LI
moxibustion: ST36, ST25,
43C 2 1'C:30 min, 3 sesions
weekly

AL, actvityindes; AR, adequate rele; CD, Crohn'sdiseases CDAL, Crohn'sdisease activiy ndex; CM,chinese medicine: EA,electroacupuncture; FCC, fufangkushen colon-costed capsules D, funtiol dyspepsias FGIDS,functionalgastrointestinal disoders G,
gastointestinal symptom scores HAMD, Hamilton's Depression Sales HD, hidi, meslaine enteri-coate tabets; TBD, nflammatory bowel discases 15, itable bowl ynrome; 1BS-BSS, 1B, bowelsymptom severty scales TBS-C, constiption-predominant
irtabl bowel syndrome; BS-D, diarthe predominant iritabl bowel syndrome: 185-QOL, irtable bowel syndrome Qualtyof Life IBS-SS5, irtable bowl syndrome Symptom Seveity Scor; PDSS, posprandial dscomfort severty sl PSQL,ptsburgh seep
Bl ek A il i b st WU il (i mailicin TOE. ul Tk aicem b U shosiioe. i VAR v ks soubi
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nalysis CM d ecoctions Non-TCM decoctions (n) IRR (95% CI)

Full cohort

Unadjusted crude analysis 388 972 0.93 (0.90-0.96) <001
Multivariable analysis 388 972 095 (092-0.99) 001
Propensity-score analyses

‘With matching 288 288 0.96 (0.91-1.01) 0.22
With inverse probability weighting 338 443 0.96 (0.94-0.98) <001
Adjusted for propensity score 388 972 096 (091-1) 009
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TCM syndrome

Deficiency syndromes

Deficiency syndromes

Phlegm syndromes/liver stagnation and spleen
deficiency syndrome/dampness-heat syndrome

Phlegm syndromes/liver stagnation and spleen
deficiency syndrome/dampness-heat syndrome

Duration
(years)

<5

<5

No. of
matched pai

70

45

55

No. of patients

TCM
decoctions

108

59

150

71

Non-TCM
decoctions

212

346

170

243

OR
(95% CI)

228
(1.21-4.29)

177
(0.80-3.29)

106
(0.60-1.87)

198
(1.08-3,60)

0.03

023

087

0.06
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Analysis TCM decoctions Non-TCM decoctions Or (95% ClI) P value

Full cohort
Unadjusted crude analysis* 388 972 3.15 (262-3.78) <001
Multivariable analysis® 388 972 1.82 (1.66-1.98) <0.01

Propensity-score analyses

With matching 278 278 177 (134-233) <001
With inverse probability weighting’ 327 42 163 (131-204) <001
Adjusted for propensity score® 388 972 177 (1.58-198) <001

‘Shown is the odds ratio from the univariate logistic regression, analyzing the association between the use of traditional Chinese medicinal decoctions and the outcomes.

"Shown is the odds ratios from the multivariate logistic regression model, adjusting for 14 variables that were significantly associated with the outcome in univariate analysis (age, BMI, duration
of diabetes, systolic blood pressure, HbA1c, FPG, fasting insulin, C-peptide, TCM, syndrome, and comorbidities).

“Shown is the primary analysis with a odds ratios from the multivariate logstic regression model with the same covariates with matching according to the propensity score.

“Shown is the odds ratios from the multivariate logistic regression model with the same covariates with inverse probability weighting according to the propensity score.

Shown is odds ratios from the mul ic regression model with the same covariates with additional adjustment for the propensity score.
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Characteristi

M decocti

(N = 278)

Non-TCM decoctions (N

Age -~ mean (SD), year 541 (12.3) 54.1(140)
Body-mass index - no. (%), kg/m?
<18 and 18-23.9 69 (24.8) 66 (23.7)
24-279 136 (48.9) 136 (489)
28 73 (26.3) 76 (27.3)
Duration of diabetes - no. (%), year
<3 121 (43.5) 127 (45.7)
3-5 43 (15.5) 40 (14.4)
5-10 58 (209) 64 (23.0)
210 56 (20.1) 47 (169)

Systolic blood pressure - median (IQR), mm HG

HbAIc -- median (IQR), %

1300 (120.0-140.0)

7.8 [9.8 mmol/L] [7.0 (8.6 mmol/L)-8.9 (11.6 mmol/L)]

130.0 (120.0-140.0)

8.0 [10.2 mmol/L] [7.0 (8.6 mmol/L)-9.0 (11.8 mmol/L)]

FPG -~ median (IQR), mmol/L 830 (7.9-9.1) 8.30 (8.0-9.0)
Fasting insulin — no. (%), plU/mL.
<10 134 (48.2) 128 (46.0)
10-15 82 (29.5) 81 (29.1)
>15 62 (22.3) 69 (24.8)
C-peptide - no. (%), ng/mL
<117 14 (5.0) 14 (5.0)
1.17-251 69 (24.8) 58 (20.9)
2251 195 (70.1) 206 (74.1)
TCM syndrome - no. (%)
Deficiency syndromes 130 (46.8) 118 (42.4)
Phlegm syndromes 81 (29.1) 81 (29.1)
Liver stagnation and spleen deficiency syndrome 34(122) 40 (14.4)
Dampness-heat syndrome 33(119) 39 (14.0)
Comorbidities - no. (%)
Liver diseases 58 (20.9) 67 (24.1)
Hyperlipidemia 57 (205) 57 (20.5)
Coronary atherosclerosis 56 (20.1) 54 (19.4)
Chronic kidney disease 66 (23.7) 69 (24.8)
Cerebral infarction 31(11.2) 36 (12.9)
Diabetic retinopathy 28 (10.1) 23 (83)

*Multiple imputation was used to account for

ing data in the propensity-score-matched analysis.
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Characteristi

Non-TCM decoctions (N = 972)

TCM decoctions (N = 388)

Age - mean (SD), year 573 (127) 531 (133) <001
Sex - no. (%)
Female 555 (57.1) 269 (69.3) <001
Male 417 (429) 119 (30.7)
Body-mass index - no. (%), kg/m?*
<18 and 18-239 290 (32.2) 87 (243) <001
24-279 422 (468) 176 (49.2)
228 190 (21.1) 95 (26.5)
Duration of diabetes -- no. (%), year
<3 287 (29.6) 206 (53.1) <001
35 95 (9.8) 52 (13.4)
5-10 202 (20.8) 79 (20.4)
210 387 (399) 51.(13.1)
Length of stay -- median (IQR), day 13.0 (110, 15.0) 120 (9, 15.0) <001
Systolic blood pressure -~ median (IQR), 1300 (120.0-140.0) 130.0 (120.0-140.0) 019
mm HG
HbAIc - median (IQR), % 9.5 [12.6 mmol/L] (8.1 (10.3 mmol/L)-11.1 7.5 9.4 mmol/L] (6.6 (7.9 mmol/L)-8.7 <001
(15.1 mmol/L)] (113 mmol/L)]
FPG -- median (IQR), mmol/L 8.8 (8.2-10.6) 83 (79-87) <001
Fasting insulin - no. (%), plU/mL.
<10 466 (57.7) 164 (45.8) <001
10-15 203 (25.1) 100 (27.9)
>15 139 (17.2) 94 (263)
LDL — no. (%), mmol/L
<26 312 (367) 137 (41.3) 018
226 538 (63.3) 195 (58.7)
C-peptide - no. (%), ng/mL
<117 115 (142) 15 (42) <001
1.17-2.51 231 (286) 76 (21.2)
2251 462 (57.2) 267 (74.6)
TCM syndrome — no. (%)
Deficiency syndromes 559 (57.5) 167 (43.0) <001
Phlegm syndromes 219 (22.5) 117 (30.2)
Liver stagnation and spleen deficiency 107 (11.0) 54 (13.9)
syndrome
Dampness-heat syndrome 87 (9.0) 50 (12.9)
Comorbidities -- no. (%)
Liver diseases 192 (19.8) 97 (25.0) 004
Hypertension 396 (40.7) 156 (40.2) 088
Hyperlipidemia 134 (13.8) 79 (204) <001
Osteoarthropathia 70 (72) 34 (88) 039
Coronary atherosclerosis 206 (21.2) 73 (18.8) 035
Chronic kidney disease 315 (324) 85 (21.9) <0.01
Cerebral infarction 123 (12.7) 44 (11.3) 0.56
Ischemic cerebrovascular disease 111 (11.4) 33 (85) 014
Ischemic heart disease 85 (87) 20 (52) 003
Diabetic retinopathy 192 (198) 25 (6.4) <001
Diabetic macrovascular disease 96 (99) 2(57) 002
Diabetic polyneuropathy 491 (50.5) 127 (327) <0.01
Diabetic peripheral vascular disease 100 (10.3) 30 (7.7) 0.17

“In the unmatched analysis, data on the BMI level were missing for 100 patients, on the LDL level for 178, on the Fasting insulin level for 194, on the c-peptide level for 194, on the duration of
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Adverse events classified by system anclass n (%)

Gastrointestinal disorders 467 (28.7)
Skin and subcutaneous tissue disorders 327 (20.1)
Nervous system disorders 185 (11.4)
General disorders and administration site conditions 146 (9.0)
Psychiatric disorders 110 (6.8)
Investigations® 81 (50)
Respiratory, thoracic, and mediastinal disorders 64 (3.9)
Cardiac disorders 44.27)
Eye disorders 35 (2.1)
Musculoskeletal and connective tissue disorders 32(20)
Infections and infestations 23 (1.4)
Vascular disorders 23 (14)
Immune system disorders 19.(12)

7 Injury, poisoning, and procedural complications 18 (L1)
Metabolism and nutrition disorders 17 (1.0)
Renal and urinary disorders 13 (08)
Reproductive system and breast disorders 8(05)
Ear and labyrinth disorders 6(0.4)
Hepatobiliary disorders 5(03)
Blood and lymphatic system disorders 3(02)
Product issues 3(02)

Duration of adverse events

-1 day 110 (6.8)
2-5 days 69 (42)
6-10 days 40 (2.5)
11-50 days 55 (3.4)
50 days ~ 8(05)
(Missing) 1347
(827)

Results of adverse events

Recovered or resolved 569 (34.9)
Recovering or resolving 108 (©6)
Not Recovered or not resolved 75 (4.6)
Recovered or resolved with sequelae 59 (3.6)
Fetal 9 (06)
Unknown 809 (49.7)

'81 adverse events under the SOC, of Investigation included hepatobiliary investigations
(48 cases); physical examination and organ system status topics (15 cases); cardiac and
vascular investigations (9 cases); metabolic, nutritional, and blood gas investigations

(4 cases); renal and urinary tract investigations and urinalyses (3 cases); and neurological,
special senses, and psychiatric investigations (2 cases).
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Information of reports

Original reporter

Doctors, dentists, Korean medicine doctors 178 (16.9)
Pharmacists, Korean medicine pharmacists 470 (44.6)
Other medical professionals 65 (62)
Consumers, non-medical professionals 297 (28.2)
Unknown 44 (42)
Reporter
Pharmaceutical company 377 (35.8)
Medical experts (e.g, hospitals, pharmacies) 102 (9.7)
Regional pharmacovigilance center 469 (44.5)
Others (e, distributors) 42 (4.0)
Patients, consumers 64.(6.1)
Report type
Voluntary reporting 950 (90.1)
Reporting in trials/research 78 (7.4)
Others 24(23)
Unknown 2(02)
Patient demographics®
Age at the time of occurrence
0-27 days 2(03)
28 days to 1 year 4(05)
2-11 years 6(08)
12-18 years 10 (1.3)
19-64 years 596 (76.9)
65 years ~ 157 (20.3)
Sex
Male 271 (30.3)
Female 623 (69.7)
Drugs
Herbal medicine only 580 (55.0)
Combination with other medications 474 (45.0)

*Regarding age, 279 patients had

ing data; regarding sex, 160 patients had
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Category

Formulas

Extracts

Active
ingredients

Chinese
herbal
products

Shenlian
Decoction

Dengzhan

shengmai formula

Qisheng Wan
formula

Honokiol

Cichorium
pumilum Jacq
Extract

Acanthopanax
senticosus Harms

Forsythiaside A

Ramulus Mori
(Sangzhi) alkaloids

Zanthoxylum
bungeanum
amides

Composition/Source

Coptis chinensis Franch.
[Ranunculaceae; Coptidis rhizoma]
and Panax ginseng C.A.Mey.
[Araliaceae; Ginseng radix]

Erigeron breviscapus (Vaniot) Hand.-
Mazz. [Asteraceae; Erigeron], Panax
ginseng C.AMey. [Araliaceae; Ginseng
radix], Schisandra chinensis (Turcz.)
Baill. (Schisandraceae; Schisandral,
and Ophiopogon japonicus (Thunb.)
Ker Gawl. [Asparagaceae;
Ophiopogon]

Poria cocos (Schw.) Wolf
[Polyporaceae; Porial, Cinnamomum
cassia Pres| [Lauraceae;
Cinnamomum, Polygala tenuifolia
Willd. [Polygalaceae; Polygalal, Panax
ginseng C. A. Mey. [ Araliaceae; Panax],
‘Asparagus cochinchinensis (Lour.)
Merr. [Asparagaceac; Asparagus],
Acorus tatarinowii Schott [Acoracea;
Acorus], and Lycium chinense Mill.
[Solanaceae; Lycium]

Magnolia officinalis Rehder &
EH.Wilson [Magnoliaceae; Magnolia]

Cichorium pumilum Jacq. [Asteraceac;
Cichorium]

Acanthopanax senticosus (Rupr. et
Maxim.) Harms [Araliaceae;
Acanthopanax]

Forsythia suspensa (Thunb.) Vahl
[Oleaceae; Forsythia]

Ramulus Mori [Moraceae; Morus]

Zanthoxylum bungeanum Maxim.
[Rutaceae; Zanthoxylum]

Disease
model

Diabetes

Cerebral
ischemia

Alzheimer’s
disease

Obesity

Hepatic fibrosis

Parkinson’s
disease

Liver fibrosis

Diabetic
nephropathy

Nonalcoholic
fatty liver

168 rRNA

Fecal microbiota
transplantation and
168 rRNA

168 rDNA

168 rRNA

168 rDNA

Metagenome

168 rRNA

Fecal microbiota
transplantation and
165 rRNA

168 rRNA

Changes in gut
microbiota composition

Prevotellaceae, Rikenellaceae],
and Helicobacteraceae], and
Bacteroidaceael

BacteroidetesT and Firmicutes|

Epsilonbacteracota|, Tenericutes|,
Verrucomicrobial, Actinobacterial,
Patescibacteria), and
Deferribacteres|

Akkermansial, BacteroidesT and
Osillospiral

Firmicutes/Bacteroidota] and
RuminococcusT

FirmicutesT, Actinobacterial,
Clostridium1 and Akkermansia|

Bacteroidetes| and Firmicutes|

Dubosiella] and LactobacillusT

Firmicutes/Bacteroidota),
Allobaculum1, BacteroidesT and
Dubosiella]

Sun
etal.
(2022)

Guo
etal.
(2023)

Xiong
etal.
(2022)

Ding
etal.
(2019)

Han

etal.
(2021)

Luetal
(2023)

Fuetal.
(2022)

Lin
etal.
(2024)

Peng
etal.
(2024)
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Bacterial
group

Firmicutes

Bacteroidetes

Proteobacteria

Actinobacteria

Fusobacteria

Verrucomicrobia

Desulfobacterota

Relative
abundance (%)

60-80

15-30

1-5

<1

<1

<1

Key functions

Fermentation of dietary fibers
Production of (SCFAs)

Breakdown of complex
carbohydrates
Maintenance of gut barrier integrity

Involved in inflammation and
immune responses

Production of vitamins
Protection against pathogens

Role in oral and gut health
Involvement in inflammatory
conditions

Mucus degradation
Regulation of inflammation

Sulfate reduction
Impact on gut health

Effects of TCM

TCM can help restore balance by increasing beneficial
Firmicutes in dysbiosis

TCM may modulate Bacteroidetes to enhance metabolic
health

Increased levels may indicate dysbiosis

TCM aims to reduce harmful Proteobacteria

TCM can support the growth of beneficial Actinobacteria

TCM may help in managing conditions associated with
Fusobacteria

TCM may enhance the abundance of Verrucomicrobia to
improve gut health

TCM interventions may aim to balance their levels for

better gut function

Ribeiro et al.
(2022)

Zhang et al.
(20202)

Li et al. (2022¢)
Rinninella et al.
(2019)
Rowland et al.
(2018)

Lin et al. (2021)

Li et al. (2022¢)
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Research
axis

Microbiota-Gut-
brain Axis

Microbiota-Gut-
liver Axis

Microbiota-Gut-
lung Axis

Research topic

‘The impact of the microbiome
on mood and behavior

‘The relationship between
microbiota and
neuroinflammation

Using a germ-free mouse model to observe
the impact of microbiota loss on emotional
behavior

Assessing gut microbiome changes in
neuroinflammatory markers in mouse
maodels

Main findings

Microbiota-deficient mice exhibit anxiety- and
depression-like behaviors, suggesting the
importance of the microbiota in mood
regulation

Compositional changes in the microbiota are
associated with neuroinflammation and may
influence the development of neurodegenerative
diseases

Osadchiy et al.
(2019), Mayer et al.
(2022)

Singh et al. (2024)

‘The mechanism of gut-brain
signaling pathway

‘The relationship between
microbiota and liver function

‘The role of gut microbiota in
liver disease

‘The relationship between the
microbiome and respiratory
health

Impact of gut microbiota on
pulmonary infections

Analyze the expression of different
signaling molecules (e.g, intestinal
hormones, neurotransmitters) in mice

Studying the impact of altered microbiota
on liver metabolic markers

Using animal models to assess the impact of
gut microbiota on the progression of liver
fibrosis

Assessing the impact of microbiota on lung
inflammation in mouse models

Studying the role of the microbiota in a
mouse model of lung infection

Gut hormones and neurotransmitters play key
role in signaling between microbiota and central
nervous system

Gut microbiota composition affects hepatic lipid
‘metabolism and insulin sensitivity, suggesting
that gut health is closely linked to liver health

Dysbiosis of the gut microbiota is associated
with the development of liver fibrosis,
suggesting its potential in the treatment of liver
disease

Alterations in the gut microbiota affect lung
immune responses and may be associated with
the development of asthma and other
respiratory diseases

Gut microbiota affects severity of lung infection
by modulating systemic immune response

Ding et al. (2020),
Chakrabarti et al.
(2022)

Anand and Mande
(2022)

Anand and Mande
(2022)

Shi et al. (2023)

Ribeiro et al. (2022)
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", statistically significant (p < 0.05).
CAT, chronic obstructive pulmonary disease assessment test; VAS,

-25 (-39, -1.2)"

~10.0 (~16.

3.4)"

-35 (-47, -22)

~165 (-22.5, -10.6)"
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Visit 4

Visit 5

Visit 6

Mean difference (95% confidence interval)

6-MWT

Distance ~3.0 (-347, 28.8) 67 (-179, 31.2)
Oxygen saturation 06 (-0.4, 1.6)* 0.8 (0.0, 1.7)*
Modified Borg scale -03 (-10,05)* 03 (-1, 04)
CAT
Total score | -03 (-L5, 0.8)" -15 (28, -0.2)* -05 (-2.1, 1.1)* =30 (4.5, -1.5)> -30 (-46,-13) -4.1 (-5.5, -27)*
Iteml | 02 (-02,0.6) 02 (-06,0.3)" 04 (-0.1, 1.0) 02 (-03,07)* 03 (-02,09) 0.1 (-07, 0.4)
Ttem2 | 02 (-03, 0.6) 0.0 (04, 0.4) 02 (-03,07) 0.1 (<05, 04) 0.1 (-05,0.3) 02 (-07,03)
7 Item3 I -05(-0.8,-0.3)" | -08(-1.1,-04)* | -08(-L1,-05)" -16 (-19, -1.2) -15 (=19, -1.1)" -16 (-20,-12)
Itemd | 0.1 (-03, 0.4) 04 (00,07)" 04 (0.1,07)" 02(-0.2,05) 0.0 (-0, 0.4) 02 (-05,02)
ItemS | -02 (-0.5, 0.1) -02 (-0.5, 0.0) 0.3 (~0.6, 0.0) ~0.7 (-1.0, -0.4)" -06 (<09, ~03)" -08 (-1.1, -0.5)"
Item6 | 0.1 (~0.4,02) ~03 (-0.5,0.0) ~04 (-0.6, ~0.1)" ~06 (-0.9, ~0.4)° ~07 (-1.0, ~04)" -08 (-1.0, -05)"
Item7 | -0.1 (04, 03) 03 (-0.7,0.1) 0.1 (<06, 0.4) 04 (<09, 0.1) 02 (<08, 04)" 03 (-08,0.1)
Item8 | 02 (02, 0.5) 0.1 (-05,02) 0.0 (04, 0.4) 00 (-0.3,04) -02(-05,02) 0.1 (-04,02)
SGRQ
Total | 05 (-05, 1.5) 03 (<05, 1.1) 09 (07, 2.6) 03 (-07,12) 05 (-05, 1.5) 02 (-0, 1.3)
Symptom component | L5 (-0.1, 3.1) 08 (-0, 2.5)* 06 (-13,24)" 19 (-2.6,65) -09 (-28, 11y 05 (-3.1,2.1)"
Activity component | 1.1 (-12, 3.5) 02(-19,23) 16 (-18,50) 06 (-29, 1.6) 08 (-10,27) 04 (-15,2.3)
Impact component | ~0.2 (0.8, 0.3) 0.2 (04, 0.7) 06 (-06, 1.8) 03 (0.8, 1.4) 06 (-03,1.6) 03 (-0, 1.3)
mMMRC 0.1 (-0.2,0.1) 0.1 (<01, 0.4) 0.1 (0.1, 0.3) 00 (-0.3,03) 0.1 (03, 0.4) 00 (0.3, 0.4)
VAS for dyspnea -1 (-74, 53) -13 (-8.8,62) =59 (128, L0) | -172 (<239, 104 | -115 (-19.4,-35) | -195 (-263, -12.7)"

", statistically significant (p < 0.05).

", Satisfaction of normality in the data distribution.

6MWD, 6-min walking test; CAT, chronic obstructive pulmonary disease assessment test; SGRQ, St. George’s Respiratory Questionnaire; mMRC, modified Medical Research Council; VAS,

visiial Sialog acibi.
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Visit 1 (Baseline) Visit 2 Visit 3 Visit 4 Visit 5

Frequency/mean + SD

Number of patients 37 33 31 31 30 30 30
Follow-up period (days)" 291£34  607%123 | 901 %154 1229+ 149 | 1522197 [ 1852 +172
6-MWT
Distance (m) 3627 £ 1005 3616 + 86.5 369.6 + 68.2
Oxygen saturation (%) 942 £33 947 £ 3.1 [ 949 £32
Modified Borg scale 3320 27+17 27+18
CAT
I Total score 170 £ 50 159+ 44 148 £39 ssal | 17535 137 £35 125 +36
Item 1 (cough) 16+ 14 1613 13£12 [ 1913 | 1711 [ 18+ 11 1411
Item 2 (phlegm) 2113 22%12 2113 2313 20+ 11 2011 19£13
Item 3 (chest tightness) 2109 1410 12£10 L1111 0407 05+08 04+07
Ttem 4 (exertional dyspnea) 3810 38+ 10 4106 4108 4006 3806 3608
Item 5 (limitation of indoor activities) 1309 1007 09 +0.6 09 +08 0507 06 +08 04 +06
Item 6 (confidence in leaving home) 12£07 L1£07 09 +0.7 08 + 06 0507 05 +06 04 +06
Item 7 (quality of sleep) 21%16 19+ 14 17£16 1914 | 16+ 14 18+ 14 17+ 14
Item 8 (energy) 2810 3009 27+08 28+09 2908 27+08 28+09
SGRQ
A Total | 212£92 205+ 67 203£65 210£73 208 + 62 210 £61 207 £65
Symptom component 324 £105 323+88 318+95 31699 335+ 129 307 £92 3L1£79
Activity component 343 £156 342+ 138 333125 | 347 %140 [ 334122 349 £ 110 345+ 121
Impact component 10267 9.0+ 44 9347 98 £5.1 9.6+ 4.6 100 + 48 96+48
mMRC 14£09 13£08 15409 1508 [ 14£08 15407 14£09
VAS for dyspnea 475 £ 189 462+194  451£204  405%201 307 £ 182 364 £ 200 284 £ 186

“During the follow-up period, patients who dropped out at each visit were excluded from the analysis.
6MWT, 6-min walking test; CAT, chronic obstructive pulmonary discase assessment test; mMRC, modified Medical Research Council; SGRQ, St. George's Respiratory Questionnaire; SD,
standard deviation; VAS, visual analog scale.
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Complete baseline Complete follow-up Dropout

(frequency (%)/mean + SD)

Number of patients 37 30 7
Follow-up period (days) | 154.1 £ 68.4 1852 £ 17.2 | awsema
‘ Sex
Male 30 (81.1%) 24 (80%) 6 (85.7%)
Female | 7 (189%) ‘ 6 (20%) [ 1(143%)
‘ Age (years)
69.5 80 699 + 68 677 +123
41-50 127%) 0 (0%) 1(143%)
51-60 | 4(108%) | 3 (10%) 1(143%)
61-70 16 (43.2%) 14 (46.7%) 2 (28.6%)
71-80 16 (43.2%) 13 (43.3%) | 3 (42.9%)
BMI (kg/m?)
250 + 42 24643 267 £33
<185 | 2(54%) 2(67%) 0 (0%)
185-229 | 8 (21.6%) 8 (267%) [ 0/(0%)
23-249 12 (32.4%) 9 (30%) 3 (42.9%)
225 | 15 (40.5%) 11 (36.7%) | 4 (57.1%)
| Smoking status.
Never 19 (51%) 13 (43.3%) 6 (85.7%)
Current 8 (22%) 8 (26.7%) | 0 (0%)
Former 9 (24%) 8 (26.7%) 1(143%)
Alcohol consumption
No 32 (86.5%) 26 (86.7%) 6 (85.7%)
Yes | 5 (13.5%) 4 (13.3%) | 1 (14.3%)
PFT
FEVI, L 16405 16£06 16£05
FEVI, % 561+ 159 569 £ 155 526+ 183
280 (GOLD stage 1) 127%) 1(33%) 0 (0%) |
50-79 (GOLD stage 2) 23 (67.2%) 18 (60%) 5 (71.4%)
30-49 (GOLD stage 3) 11 (29.7%) 10 (33.3%) | 1(143%)
<30 (GOLD stage 4) 2(54%) 1.(3.3%) 1(143%)
FVC, L 30£08 30+08 28408
FVC, % 732+ 159 751 143 65.1 +20.6
FEVI/FVC, % | 541 £ 109 535+ 111 | sz
‘ mMRC
0-1 24 (64.9%) 18 (60%) 6 (85.7%)
22 | 13 (35.1%) 12 (40%) 1(143%)
‘ CAT score
<10 1(27%) | 0 (0%) 1(14.3%)
210 36 (97.3%) 30 (100%) 6 (85.7%)
‘ Comorbidities
Asthma 3 (8.1%) 3 (10%) 0 (0%)
Bronchiectasis 1(27%) 1(3.3%) 0 (0%)
Hypertension 26 (70.3%) | 21 (70%) 5 (71.4%)
Diabetes mellitus | 12 (324%) 8 (26.7%) | 4 (57.1%)
Hyperlipidemia 15 (40.5%) 12 (40%) 3 (42.9%)
Cerebral infarction 5(13.5%) 3 (10%) 2 (28.6%)
Cardiovascular diseases 15 (40.5%) 11 (36.7%) 4 (57.1%)
Osteoarthritic diseases 8(21.6%) 5 (16.7%) | 3 (42.9%)
’ Medication use
1Cs 2 (5.4%) 2 (6.7%) 0 (0%)
SABA | 2(54%) 1(3.3%) 1(143%)
LAMA [ 9 (24.3%) 9 (30%) 0 (0%)
LABA + LAMA 17 (45.9%) 12 (40%) 5 (71.4%)
1CS + LABA 8 (21.6%) 8 (26.7%) 0.(0%)
1CS + LABA + LAMA 6(162%) ‘ 5 (16.7%) 1(143%)

BMI, body mass index; CAT, chronic obstructive pulmonary disease assessment test; FEV, forced expiratory volume in the first second; FVC, forced vital capacity; GOLD, global initiative for
chronic obstructive lung disease; ICS, inhaled corticosteroids; LABA, long-acting beta agonists; LAMA, long-acting muscarinic antagonists; mMRC, modified Medical Research Council; PFT,
pulmonary function test; SABA, short-acting beta agonists; SD, standard deviation.
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Time point (month) Visit 1 Visit Visit Visit Visit Visit Visit

(baseline) 2(1m) 3(2m) 4(3m) 5(4 m) 6 (5 m) 7 (6 m)

Month 0 1 2 3 4 5 6
Visit window (day) 0 3 3 13 3 3
Enrollment
Eligibility screening °
Written informed consent °
Vital signs and physical examination ° ° ° ° ° ° °
Sociodemographic characteristics °
Medical history ° ° ° ° ° ° °
Alcohol and smoking history °
Visit scheduling education ° ° ° ° . ° °
Intervention
Herbal prescription ° ° ° ° ° °
Assessment
6-MWT ° ° °
PFT ° o L]
CAT ° ° L] ° ° ° °
SGRQ o ° L] o ° ° L]
mMRC o ° L) ° ° ° °
VAS for dyspnea ° ° ° ° ° . °
Syndrome Differentiation Assessment for ° °
COPD
Changes in symptoms (the frequency of ° ° ° ° ° ° °
COPD exacerbations)
Changes in medical history, medication, or ° ° ° ° ° °
treatments
Hematologic tests L] o
Adverse events Ld °
Drop-out rate and compliance ° ° ° ° . °

Hematological tests: CRP, CBC, ALP, AST, ALT, total bilirubin, direct bilirubin; BUN, and Cr.

6-MWT, 6-min walking test; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CAT, chronic obstructive pulmonary disease
assessment test; CBC, complete blood count; COPD, chronic obstructive pulmonary disease; Cr, creatinine; CRP, C-reactive protein; GGT, gamma-glutamyl transferase; mMRC, modified
Medical Research Council; PFT, pulmonary function test; SGRQ, St. George’s Respiratory Questionnaire; VAS, visual analog scale.
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Scientific name with botanical drug name i Pinyinname  Single dose (g)

Granule

Hyunggaeyeongyo-tang (HGYGT; Jing Jie Lian Qiao tang)

Nepeta tenuifolia Benth. [Lamiaceae; Schizonepetae Spica] I Jin Jie 0172
Forsythia viridissima Lindl. [Oleaceae; Forsythiae Fructus] i pi i Lian Qiao 0342
Saposhnikovia divaricate (Turcz. ex Ledeb.) Schischk. [Apiaceae; Saposhnikoviae Radix] B5E Fang Feng 0385
Angelica gigas Nakai [Apiaceae; Angelicae Gigantis Radix] S Dang Gui 0315
Ligusticum officinale (Makino) Kitag. [Apiaceae; Cnidii Rhizoma] g Chuan Xiong 0307
Paconia lactiflora Pall. [Paeoniaceae; Paeoniae Radix] HE Shao Yao 0.326
Bupleurum falcatum L. [Apiaceae; Bupleuri Radix] E:i] Chai Hu 0.176
Citrus x aurantium L. [Rutaceae; Aurantii Fructus Immaturus] Eat 3 Zhi Qiao 0525
Scutellaria baicalensis Georgi [Lamiaceae; Scutellariae Radix] ey Huang Qin 0.395
Gargenia jasminoides J. Ellis [Rubiaceae; Gardeniae Fructus] wT Zhi Zi 0414
Angelica dahurica (Hoffm.) Benth. and Hook f. ex Franch. and Sav. [Apiaceae; Angelicae Dahuricae =K Bai Zhi 0.295
Radix]

Platycodon grandiflorus (Jacq.) A.DC. [Campanulaceae; Platycodonis Radix] i Jie Geng 0446
Glycyrrhiza uralensis Fisch. ex DC. [Fabaceae; Glycyrrhizae Radix et Rhizoma] HE Gan Cao 0.203

Cheongsangboha-tang (CSBHT; Qing Shang Bu Xia Tang)

Rehmannia glutinosa (Gaertn.) DC. [Orobanchaceae; Rehmanniae Radix Preparata] B E Shu Di Huang 0.98
Dioscorea polystachya Turcz. [Dioscoreaceae; Dioscoreae Rhizoma] 1T 3 Shan Yao 073
Cornus officinalis Sieblod and Zuce. [Cornaceae; Corni Fructus] WS Shan Zhu Yu 0.73
Paeonia x suffruticosa Andrews [Paconiaceae; Moutan Radicis Cortex] B Mu Dan Pi 049
Poria cocos (Schw.) Wolf [Polyporaceae; Poria Sclerotium] 3 Fu Ling 049
Alisma plantago-aquatica subsp. orientale (Sam.) Sam. [Alismataceae; Alismatis Rhizoma] B Ze Xie 049
Citrus trifoliata L. [Rutaceae; Ponciri Fructus Immaturus] ne Zhi Shi 037
Coptis japonica (Thunb.) Makino [Ranunculaceae; Coptidis Rhizoma] wE Huang Lian 037
Trichosanthes kirilowii Maxim. [Cucurbitaceae; Trichosanthis Semen] g Gua Lou Zi 037
Scutellaria baicalensis Georgi [Lamiaceae; Scutellariae Radix] "E Huang Qin 037
Schisandra chinensis (Turcz.) Baill. [Schisandraceae; Schisandrae Fructus] HKF Wu Wei Zi 037
Liriope muscari (Decne.) LH.Bailey [Asparagaceae; Liriopis seu Ophiopogonis Tuber] ML Mai Dong 037
Asparagus cochinchinensis (Lour.) Merr. [Asparagaceae; Asparagi Tuber] SRR Tian Dong 037
Fritillaria_thunbergia Miq. [Liliaceae, Fritillariae Thunbergii Bulbus] HRZ Zhe Bei Mu 037
Platycodon grandiflorus (Jacq.) A.DC. [Campanulaceae; Platycodonis Radix] i Jie Geng. 0.37
Prunus armeniaca L. [Rosaceae; Armeniacae Semen] foy Ku Xing Ren 0.37
Pinellia ternate (Thunb.) Makino [Araceae; Pinelliae Tuber] ¥E Ban Xia 037

Glycyrrhiza uralensis Fisch. ex DC. [Fabaceae; Glycyrrhizae Radix et Rhizoma] HE Gan Cao 0.24
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Variable Ratio 95%Cl p value
Days of TCM
<30
30-180 103 097 109 0333
181-365 083 075 091 <0001
Age
20-54 ylo
55-64 ylo 096 091 101 0115
65-74 ylo 093 087 099 0019
z75ylo 081 075 088 <0001
Gender
male
female 076 072 079 <0001
Marital status
Unmarried 118 108 130 <0001
Married
Divorced/separated 109 099 119 0073
Widowed 106 099 114 0.109
Education level
Elementary school or below
Junior high school 101 095 107 0730
High school (vocational) 095 090 101 0,083
College and above 081 076 087 <0.001
Monthly salary (NT$)
=17,280
17,281-22,800 092 087 098 0.009
22,801-36,300 097 091 104 0345
36,301-57,800 092 086 099 0.020
257,801 084 077 091 <0001
Degree of urbanization
1
2 1.00 095 105 0.885
s 1.00 094 106 0995
4 110 104 118 0.003
5 108 00 117 0.041
ca
0
I 114 098 133 0.084
=2 105 088 124 0.604
Comorbidities
i hypertension 097 090 104 0344
diabetes 122 108 137 0001
hyperlipidemia 100 084 117 0956
liver cirrhosis 133 108 164 0.008
renal failure 126 107 149 0.006
cvD 135 16 157 <0001
copp 112 090 139 0295
Asthma 103 078 137 0.825
theumatoid arthritis 118 085 164 0323
chronic mental disorder 161 120 216 0.002
Hospital ownership
non-public
public 105 100 109 0.054
Hospital level
| medical centers
regional hospitals 107 102 L2 0.003
district hospitals 105 090 122 0535
I Cancer stage
7 1
1 152 139 167 <0001
m 180 170 192 <0.001
v 204 193 215 <0.001
TCM experience
no
Yes 105 101 109 0.021
Treatment modalities
Surgery 5531 3823 8004 <0.001
Chemotherapy 139 079 248 0257
Radiotherapy 563 298 1063 <0.001
Targeted therapy
Surgery + others 6059 | 4193 8755 <0001
Chemotherapy + others 315 197 504 <0001
Other combinations 240 139 414 0.002
Years of diagnosis
| 2007
2008 1.00 092 108 0,955
2009 099 092 107 0765
2010 095 088 103 0227
2011 090 083 097 0.006
2012 080 074 086 <0001
2013 078 072 084 <0001
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Variable

Mean

3201

SD

30.82

3236 3132
30-180 3270 2951
181-365 2341 2143

3578

2855

20-54 ylo 3373 3275
55-64 ylo 3184 30.68
65-74 ylo 3172 29.96
275 ylo 2859 27.10

3287

2836

3586 3388
Married 3145 3038
Divorced/separated 37.12 3511
‘Widowed 3020 2833

‘Elementary school or below 3219 2977
Junior high school 3519 3315
High school (vocational) 3254 3225
College and above 2802 2861

=17.280 33.39 3157
17,281-22,800 33.00 31.00
22,801-36,300 31.88 3095
36,301-57,800 31.09 30.30
=57,801 2582 27.62

31.06 3027
2 3185 3070
3 3065 29.60
4 3432 3292
34.06 3113

3207 30.84
1 3130 3238
z2 2840 2590

31.83

30.87

3181

3038

3075

3208

31.99 3087
33.46 27.90
31.96 3078

3621

3191

30.82

40.07

31.81

29.69

30.69

3191

3539

3072

39.95

3201

41.09

3201

37.03

30.82

3125

3081

3413

31.95

3346

3073

non-public

3352

4554

31.90

public

29.68

2891

‘medical centers. 30.74 29.77
regional hospitals 3429 3263
district hospitals 37.87 3214

17.51 17.62
I 2629 23.10
m 3477 3172
37.26 3327

3210

30.67

3193

3097

2759 2905
Chemotherapy 1372 2264
Radiotherapy u73 2742
Targeted therapy 12.26 1143
Surgery + others 3404 3122
Chemotherapy + others 824 3676
Other combinations 17.15 1803
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Emergency department

W Adjusted model
Variable No ves p value
% 95%Cl p value
Total 13848 | 10000 | 5947 4294 7901 | 57.06
Days of TCM <0.001
<30 11,540 8333 | 4927 4269 6613 5731
30180 1,692 1222 PR 1008 | 5957 102 096 | 109 0539
181-365 616 115 | 3| 545 280 | 4545 084 | 074 | 095 0.004
Cancer stage <0.001
1 2,838 2049 | 1945 6853 893 | 3147
| I 690 498 P e 154 | 136 | 175 <0001
m 2000 223 1120 3810 180 | 6190 186 | 171 | 202 <0001
v 7,380 5329 | 2552 3458 | 4828 | 6542 203 | 189 | 219 <0.001
Age <0.001
20-54 ylo 4,470 3228 2084 e | 2386 | 5338
55-64 ylo 4,380 3163 | 1948 4447 | 2432 5553 099 | 093 | 105 0776
| s ylo 3,336 2409 | 1364 4089 | 1972 | 5911 101 | 094 | 108 0.880
7 =75 ylo 1,662 oo st w5 | eess oo o121 0.020
Gender [ | <0.001
7 male 6,666 i 2604 3906 4062 | 6094
female 7,182 5186 3343 4655 3839 5345 089 | 085 | 094 <0.001
Marital status <0.001
[ Unmarried o am w26 100 | 089 | 112 0.994
[ Marriea 11,054 7982 | 4806 4348 | 6248 | 5652
Divorced/separated 730 527 20 3973 40 | 6027 L2 10 123 0.030
Widowed 1451 1048 561 38.66 890 | 6134 101 094 109 0820
Education level [ | <0.001
' Elementary school or below 4,838 3494 | 1811 3743 | 3027 | 6257
Junior high school 2,302 1662 s i LA else 099 | 092 | 105 0.659
| High school (vocational) sa7 a8 150 4o 191 sass 091 | 085 | 097 0.005
College and above 3221 B et 1| 150 47 084 | 078 | 090 <0001
Monthly salary (NTS) <0.001
<17,280 2,944 2126 | 1203 4086 1741 | 59.14
17,281-22,800 4,840 3495 | 1908 | 3942 | 2932 | 6058 097 | 091 | 103 0313
: 22,801-36,300 2418 vas ton | w05 137 5695 097 | 090 | 104 0412
36,301-57,800 2275 1643 1026 4510 | 1249 | 5490 096 | 089 | 103 0259
257,801 1,371 090 | 7| 5609 602 | 4391 084 | 077 | 093 0.001
Degree of urbanization <0.001
[1 4,166 3008 1920 4609 2246 | 5391
i 2 4,357 sus 00 B 2457 | 563 101 | 095 | 107 0756
3 2,108 1522 872 4137 1236 | 5863 102 095 | 110 0.561
' 4 1,899 1371 747 | 3934 1152 | 6066 105 | 097 | 113 0251
s 1,318 9.52 s st 810 L 101 093 110 0.805
ccr 0.047
0 13,428 9697 | 5782 4306 | 7646 5694
1 240 173 104 4333 136 | 5667 103 087 | 122 0771
22 180 130 o ms w0 e 105 | 087 | 126 0.633
Comorbidities
hypertension 1,533 1107 552 3601 981 | 6399 <0.001 106 | 099 | Ll4 0.094
| diabetes 523 378 168 | 3212 355 | 67.88 <0.001 106 | 094 11§ 0348
hyperlipidemia u n ® a0 19 5840 0721 098 | 082 116 0784
liver cirthosis 97 070 26 2680 71 7320 0.002 121 096 | 153 0116
renal failure 14 0.10 2 1429 12| 871 0058 125 | on1 | 222 0438
cvD 227 164 57 2501 170 | 7489 <0.001 115 098 | 134 0.089
" corp 276 199 o w1 om 7em <0.001 17 12 135 0.027
asthma s 129 58 3258 120 | 6742 0.006 o092 133 0270
rheumatoid arthritis 33 024 12 3636 21 63.64 0.556 L1 072 171 0.631
chronic mental disorder s 0w uomes 27| 7105 0114 119 081 173 0382
Hospital ownership [ | <0.001
| non-pubtic 8,381 6052 | 3479 4151 4902 5849
public 5,467 3948 2468 4514 2999 | 5486 104 | 099 | 109 0.108
Hospital level <0.001
[ medical centers 9,365 o6 s a0 5216 | 5570
regional hospitals 4,246 3066 1716 4041 | 2530 | 5959 100 | 095 | 105 0929
district hospitals 237 171 82 3460 155 | 6540 100 | 085 | 117 0991
TCM experience 0270
| No 6968 | 5032 3025 L na sem 56w
yes 6,850 w68 20m | w47 39| 575 101 097 | 106 0.606
Treatment ‘modzliﬁes <0.001
[ Surgery 3,383 2443 1611 4762 1772 | 5238 191 | 143 | 257 <0001
Chemotherapy 7 057 5 ses6 s a0 1290 | 082 | 200 0269
Radiotherapy 9% o7t | v wse s s 161 108 | 241 0.019
Targeted therapy 133 096 87 6541 46 | 3459 100
Surgery + others 9,601 6933 | 3880 4041 5721 | 5959 193 | 144 258 <0001
Chemotherapy + others 418 3.02 w6 28 a2 som 148 | 107 | 204 0017
Other combinations 136 0.98 n osa| e om 142 097 | 208 0.068
Years of di;agmsis <0.001
2007 1,616 1167 @ i e et
2008 1,694 1223 o a0 1016 5998 100 | 092 | 109 0990
2009 1,925 1390 si6 03| L1090 576l 098 | 090 | 106 0.565
2010 1,989 1436 805 4047 1184 5953 100 092 | 109 0949
2011 1,967 1420 855 | 4347 | 1112 | 5653 098 | 090 | 107 0.679
“ 2012 2,182 1576 1,036 Y 1146 | 5252 094 | 086 | 102 0.156
0 2475 87 L | 4sse | 1340 | sala 097 | 089 | 105 0415
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Formula

1 Hedyotis diffusa 18,652 423 1 San Jhong Kuei Jian Tang 7,622 173
2 Platycodon root 8,965 203 2 Siang Sha Liou Jyun Zih Tang 6,239 141
3 Astragalus root 8,340 189 3 Xiao Chai Hu Tang 5,758 131
4 Tendrilleaf fritillary bulb 8,333 189 4 Jiawei Siaoyao San 5,742 130
5 Heartleaf houttuynia 7,950 180 5 Bai He Gu Jin Tang 5,494 125
6 Skullcap 7,907 179 6 Qing Zao Jiu Fei Tang 5,329 121
7 Scutellaria root 6,898 156 7 Bansia Siexin Tang 5,306 120
8 Bitter apricot seed 6,692 152 8 Bu Zhong Yi Qi Tang 4,488 102
9 Rhubarb 6,183 140 9 Ganlu Yin 4278 097
10 Mongolian dandelion 6,148 139 10 Wen Dan Tang 4233 096
1 Magnolia bark 5,826 132 1 Mai Men Dong Tang 3,959 090
12 Red sage root and rhizome 5813 132 12 Xue Fu Zhu Yu Tang 3872 088
13 White atractylodes rhizome 5,694 129 13 Ping Wei San 3,748 085
14 Indian bread 5,533 125 14 Zhi Gan Cao Tang 3,748 085
15 Pinellia tuber 5,141 117 15 Sha Shen Mai Dong Tang 3,621 082
16 Dwarf lilyturf root 5,001 113 16 Ma Xing Gan Shi Tang 3,276 074
17 Corydalis tuber 4,955 112 17 Sheng Mai Yin 3220 073
18 Pepperweed seed Tansymustard seed 4,604 104 18 Ding Chuan Tang 3,209 073
19 Liquorice root and rhizome 4211 095 19 Xin Yi Qing Fei Tang 3,086 070
20 Pilose asiabell root 3,986 0.90 20 Xiao Qing Long Tang 2,980 068
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All patients (n = 752)  CHM nonusers (n = 703)  CHM users (n = 49)

Demographics
Gender 064
Female 42 (5.6%) 40 (57%) 2 (4.1%)
Male 710 (94.4%) 663 (94.3%) 47 (95.9%)
Age (years) 562 (103) 563 103) 47 000) Lo
Age group oe
<40 years 39 (5.2%) 36 (5.1%) 3(6.1%)
41-60 years 471 (62.6%) 438 (62.3%) 33 (67.3%)
>60 years 242 (322%) ) 13 265w
BMI 200 210 (39) 214 (49) 067
Comorbidities

oM ot 81%) 59 (84%) 2 (41%) 029
Hypertension 100 (13.3%) 93 (13.2%) 7 (14.3%) 083
MI 4(0.5%) 4(0.6%) 0 (0.0%) 0.60
coPD 55 (7.3%) 53 (7.5%) 2 (4.1%) 037
cvD 16 (2.1%) 14 (2.0%) 2 (4.1%) 033
PVD 3 (0.4%) 3 (04%) 0 (0.0%) 065
Hepatitis B virus 37 (4.9%) 33 (47%) 4(8.2%) 028
Hepatitis C virus 27 (3.6%) 24 (34%) 3 (6.1%) 032
Liver cirrhosis 126 (16.8%) 120 (17.1%) 6 (12.2%) 038
CKD 20 (2.7%) 18 (26%) 2 (4.1%) 052
ccl 98 (21) 99 (2.1) 9.5 (24) 027
Lifestyles

7 Cigarette smoking 293 (85.7%) 276 (85.4%) 17 (89.5%) 063
Alcohol consumption 294 (85.7%) 2 (85.4%) s (90.0%) o7
Betel nut chewing 26 (60.1%) 195 (60.4%) 11 (55.0%) 063
Tumor size (mm) 440 (37.2) 444 (37.4) 389 (36.0) 042
TNM Stage 051
0 14 (1.9%) 14 20%) o (0.0%)
1 80 (10.6%) 72 (102%) 8 (16.3%)
1 107 (14.2%) 102 (145%) 5(10.2%)
1 335 (44.5%) 314 (44.7%) 21 (429%)
v 216 (28.7%) 201 (28.6%) 15 (30.6%)

V Initial treatment

VSurgery I 030
No surgery for tumor resection 615 (81.8%) 576 (81.9%) 39 (79.6%)
Local therapy 19 (2.5%) 18 (2.6%) [ 1(2.0%)
Partial esophagectomy 32 (4.3%) 32 (4.6%) 0/(0.0%)
Total esophagectomy 2(03%) 2 (03%) 0 (0.0%)
Esophagectomy with laryngectomy/gastrectomy | 78 (10.4%) 69 (9.8%) 9 (18.4%)
Other surgery 6 (0.8%) 6 (0.9%) [ 0 (0.0%)
Chemotherapy 410 (54.5%) 383 (54.5%) 27 (55.1%) 093
Radiotherapy 372 (49.5%) 345 (49.1%) 27 (55.1%) 041
Biochemical profiles
Albumin (g/dL) 33 (05) 33 (05) 33(05) 078
Hemoglobins (g/dL) 120 (22) 120 2.1) 118 (24) 063
Lymphocyte (10%uL) 13 (06) 13 (0.6) 13 (06) 068
ALT (U/L) 238 (24.0) 238 (246) 239 (14.) 097
Total cholesterol (mg/dL) 158.8 (41.6) 1575 (40.) 1732 Ga0) 0071
PLR 237.7 (2085) 2363 (209.6) 2569 (1922) 051
NLR ) 62 (68) 62 (5.1) 098
PNI waas 394 (48) 391 (52) 0.60

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; CCI, charlson comorbidity index; CHM, chinese herbal medicine; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; CVD, cerebrovascular disease; DM, diabetes melltus; EC, esophageal cancer; M, myocardial infarction; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-
Srnbhasyte seites PHL propnoetie cutakion indie VIS secileral vacoler daios: TLE tonl Brmkoarie:-count.
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PFS
Crude model Model 1

R (95CI%) P for trend R (95CI%) P for trend

————_

Huaier 3-6 m 0.85 (0.50-1.43) 0.78 (046~ 0365
Huaier >6 m 0.57 (0.36-0.88) 047 (0.30-0.75) =
os
Crude model Model 2
HR (95C1%) P for trend HR (95CI%) P for trend
—

Huaier >6 m 0.50 (0.27-0.93) .02 051 (0.27-097)

Model 1: Huaier adjusted for Gender, AFP, grade; TBIL, grade, size grade, and ablation route.
Model 2: Huaier adjusted for Age, Hepatic virus, and ALB, grade.
Abbeoriation: PPS. Prooressianfos surviveh OF pveall-warvivd: APR. alnba-Svirotei: THIL, sl bililin: ATR, albimin:
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Huaier group (n = 97) Control group (n = 131)
‘Theraputic-related effects 25 (25.8%) 29 (22.1%) 0904
Poor appetite 4 (4.1%) 7 (53%)
Diarthea 2(21%) 2 (15%)
Nausea 4 (4.1%) 6 (4.6%)
Emesis 3 (3.1%) 3(2.3%)
Dyspepsia 5(5.2%) 7 (53%)
Fatigue 1(1.0%) 1(<1%)
Fever 6(6.2%) 3(2.3%)

Pharspauticasiod siio-stibets sadbeile tin- shistog arndsoms Gl aoouss 1 durs siiee BEWAY sndl divecotated e ibcts: Gansills ocears 5 weehaathar JOWAS
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Variables Total cohort PSM cohort Stabilized IPTW cohort
Huaier Control Huaier Control Huaier Control
group group group group group group
n =97 n =131 n=92 n=92 n = 96.6
Age (years) 5598 (997) | 58.06 (9.15) 0.104 562 (962) | 5633 (8.3) 0.921 57 (9.96) 57.12 (9.2) 0.931
Gender 0070 0.588 0.938
Male 79 (81.4) 93 (71.0) 74 (80.4) 71(77.2) 734 (75.9) 98.7 (75.4)
Female 18 (18.6) 38 (29.0) 18 (19.6) 21 (228) 233 (241) 321 (246)
BMI (kg/m?) 2394 (2172, | 2383 2172, | 0597 2409 (2177, | 2375 (2212, | 0678 2422 (2177, | 2366 (2161, | 0.785
2561) 2628) 2563) 26.15) 2571) 26.12)
AFP (ng/mL) 0.582 1.000 0.945
<400 84 (36.6) 110 (84.0) 79 (859) 79 (85.9) 826 (85.5) 1113 (85.1)
>400 13 (134) 21 (16.0) 13 (14.1) 13 (14.) 141 (145) 195 (14.9)
Hepatopathy 0512 0822 1.000
No 4(4.1) 10 (7.6) 4(43) 6(6.5) 57 (59) 8.0 (62)
By 83 (85.6) 106 (80.9) 80 (87.0) 76 (82.6) 802 (83.0) 1088 (83.1)
HCV 7(.2) 13 (99) 7(83) 8(87) 89 (92) 118 (9.0)
HBV + HCV 360 2(15) 1) 22 19 (20) 22(17)
ALB (g/L) 419 403 0.142 42.1 (37.03, 40.65 0.220 415 403 0.241
(363,448) | (3625, 43.5) 45.02) (3758, 443) (3629, 445) | (3592, 435)
TBIL (p mol/L) | 14.1 143 (93,195) | 0494 1385 134 (9.1,1945) | 0501 1395 (102, | 144 (924, 0.548
(103, 213) (102, 20.1) 2142) 19.83)
ALT (U/L) 29(22,42) | 30 (215,505 | 0530 29(21,42) | 32(23,535) | 0.066 29 (21,42) 3059 (22, 0197
53.61)
AST (U/L) 29(22,42) | 31(2542) | 0801 28(22,42) | 33(24,465) | 0190 28(2145,42) | 31(23,4437) | 0.494
PT (s) 126 122 (116, 13.4) | 0.567 126 12.1 (11.6,13.4) | 0.373 1257 122 (11.6,13.4) | 0.628
(118, 137) (118, 137) (117, 137)
PLT (10°) 105 (60, 152) | 105 (725, 0.662 1065 (59.5, | 102(72,143.25) | 0.868 10524 (5857, | 102,66 (72, 0.768
1445) 153.25) 151.6) 141.64)
Child-Pugh om0 I Coen » | 1.000
A 79 (81.4) 106 (80.9) | 75 615) 78 (84.8) 785 (813) 1063 (81.3)
B 18 (186) 25 (19.1) 17 (18.5) 14 (152) 181 (187) 245 (18.7)
Cirrhosis 0432 0.844 0.829
No (16 0169 27 (206) 16 (17.4) 15 (16.3) 173 (179) 249 (19.0)
Yes 81 (83.5) 104 (79.4) | 76 626) 77 (83.7) 793 (821) 1059 (81.0)
Portal 0780 0.760 0.961
Hypertension
No 36 (37.1) 51 (389) ks (38.0) 33 (359) 364 (37.7) 497 (38.0)
Yes 61 (62.9) 80 (61.1) 57 (62.0) 59 (64.1) 602 (62.3) 811 (62.0)
Number 0.658 0.704 0.886
Single 80 (825) 105 (80.2) 76 (82.6) 74 (804) 77.4 (80.1) 105.8 (80.9)
Multiple 17 (175) 26 (19.8) e 18 (196) 192 (199) 25 (19.1)
Tumor size (cm) | 23 (17,27) | 2(175,255) | 0472 23(17,27) | 22(18,28) | 0669 23(17,27) | 21(18,26) | 0.600
Ablation route 0909 0761 0.838
Laparoscopic 37 (38.1) 49 (37.4) 34 (37.0) 36 (39.1) 37.8 (39.1) 498 (38.0)
Percutaneous 60 (61.9) 82 (62.6) 58 (63.0) 56 (60.9) 589 (60.9) 811 (620)

Abbreviation: PSM, propensity score matching; IPTW, inverse probability of treatment weighting: BMI, body mass index; AFP, alpha-fetoprotein; ALB, albumin; TBIL, total bilirubin; ALT,

alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; PLT, platelet.
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PFS

Crude model

HR (95C1%)

HR (95C1%)

065 (0.45-0.94)

0os

Crude model

HR (95C1%)

0.024

056 (0.38-0.82)

HR (95CI%)

0.003

054 (0.31-0.92)

EMS

Crude model

HR (95CI%)

034 (0.14-0.84)

0.024

P

0.020

055 (031-0.95)

HR (95CI%)

0.40 (0.16-0.99)

0032

0.049

Model 1: Huaier adjusted for Gender, AFP, grade; TBIL, grade, size grade, and ablation route.
Model 2: Huaier adjusted for Age, Hepatic virus, and ALB, grade. Model 3: Huaier adjusted for Age, ALT, grade, and ablation route.
Abbreviation: PFS, Progression-free survival; OS, overall survival; EMS, extrahepatic metastasis survival; AFP, alpha-fetoprotein; TBIL, total bilirubin; ALB, albumin; ALT, alanine

RS P
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Adjunctive TCM therapy

yes p value

OR

95% ClI

p value

Total 43022 | 10000 40638 | 9424 2484 576
Cancer stage 0005
1 8002 | 1856 7505 | 9379 497 | 621 100
n 2240 519 2081 9290 159 7.10 5 e 0,003
m a9 o8 som | oaxs 56 565 125 106 141 0005
w 23401 | 5427 | 22,009 | 9448 1292 | 552 105 093 L8 0471
Age <0.001
2054 ylo 8739 | 2027 | 7939 | 9085 800 915 100
s ylo w066 2471 omy | om0 7as 097 087 109 0.603
65-74 ylo 12042 2793 11450 | 9508 592 | 492 080 070 092 0001
275 ylo 11685 | 2700 11390 | 9748 295 252 046 039 055 <0001
Gender <0001
Male 24668 | 5721 23485 | 9520 1183 | 480 100
Female 18454 4279 | 17053 | 9295 1301  7.05 137125 150 <0001
Marital status <0.001
Married 30033 | 6965 28097 | 9355 1936 645 100
Unmarried 1919 w5 10 oan 109 568 069 | 036 085 0,001
Divorced/separated 2732 63| 259 | ouss 40 512 o064 054 077 <0001
7 Widowed o7 1531 6| sen 26 87 0s2 om | oss | 0009
Miss 1,821 422
Education level <0001
Elementary school or below | 21,037 | 4878 | 20216 | 9610 821 3.90 100
Junior high school a0 uss som | o6 30 6o 129 113 148 <0001
High school (vocational) 7704 | 1787 7075 9184 629 816 173 153 195 <0001
| College and above 6285 | 1457 | 5673 | 9026 612 974 AT <0001
Miss 1923 446
» Monthly salary (NTS) <0001
<17,280 11,144 2584 10,630 95.39 514 4.61 1.00
I ) vast | 996 | 163 9507 80| 493 o8| 095 122 0230
22,801-36,300 6018 | 1396 5503 | 9294 425 7.06 17 102 135 0029
 36301-57,500 5375 | 1246 | 4953 | 9215 422 | 785 125 1o ar 0002
257,801 3,140 728 2888 9197 252 803 122 104 144 0018
Miss 214 050
Degree of urbanization <0001
1 nses | 2682 10878 | oa06 87 594 100
2 12636 | 2930 11807 | 9344 829 656 118 106 131 0003
3 6761 | 1568 | 6367 | 9417 394 58 112 098 127 0110
4 6666 | 1546 6336 9505 330 495 05 oo 12| 0484
s sas0 120 sos | ssns s am o8| oo 128 0382
Miss 214 050
ccr 0321
, 0 41,047 | 9542 | 38792 | 9428 2355 | 572 100
1 1,139 260 1065 9350 650 109 085 140 0489
22 836 194 781 | 9342 55| 658 136 102 182 0035
Comorbidities
Hypertension <0001
No ez sus | a0 9386 229 6 100
Yes 6820 | 1582 6565 | 9626 255 374 083 072 096 0012
Diabetes <0001
No 39574 | 9177 | 37,095 | 9399 2379 | 601 100
Yes 3,548 s s oo 105 296 067 054 083 <0001
7Hyp:r(ipidemia” 0.140 |
No 42129 | 9770 | 39691 | 9421 2438 | 579 100
Yes 993 230 947 | 9537 16 463 103 075 141 0853
Liver cirrhosis 0.104 |
No 42559 | 9869 40098 | 9422 2461 578 100
Renal failure <0001
No 42735 | 9900 40256 | 9420 2479 580 100
Yes 387 00| | a7 5|1 036 o015 088 0025
cvD 0002
No 41835 | 9702 39399 | 9418 2436 | 582 100
Yes 1287 298 | 1239 | 9627 48| 373 105 077 143 0753
coPD <0001
» No 40870 | 9478 | 38443 | 9406 2427 594 100
Yes 2252 522 2195 | 9747 57| 253 072 055 096 0023
Asthma 0265
No 42460 | 9846 | 40007 | 9422 2453 | 578 100
Yes 662 154 631 9532 31 468 104 072 151 0837
Rheumatoid arthritis 1000
No 43023 | 9977 | 40545 | 9424 2478 | 576 100
' ves 99 0 93 9394 6 606 RIS 0782
chronic menta disorder 0236
["No 2957 | ovst| w04 o423 247 | 577 100
Yes 155 036 150 9677 5| 323 058 023 142 0231
» Hospital vwner;hip 0792
k | Non-public d6su | €225 | 2591 saa 13| 579 100
 public 68| wrs| 1saw | oas o s;m 0% | os | 09| 0022
Hospital level 0042
Medical rights 27730 | 6431 26077 | 9404 1653 | 596 100
| Regional hospitals WAt | 4 136 | o456 785 Sl w0 0861
' District hospitals 949 20 | osis 6 s TARIRT 0.663
TCM experience <0001
No 24026 | 5595 23189 | 9612 937 | 388 100
Yes 18996 | 4405 17449 9186 1547 814 o4 s oan <0001
Surgery 0979
No 2,948 684 | 2779 9427 169 573 100
e 40174 | 9306 | 37859 | 9424 2315 576 02 077 109 0344
Chemotherapy 0067
No wors | a1z | s ouss o | s;2 100
[ Yes 25047 | 5808 23560 | 9406 1487 594 113103 125 0015
Radiotherapy 0.105
No 32282 | 7486 30457 | 9435 1825 565 100
[ yes a0 | 2514 10181 9592 69| 608 01 091 L2 0850
Targeted therapy 0025
No 19817 | 4596 18621 | 9396 1196 604 100
Yes 23305 | 5404 | 22017 | 9447 1288 553 104 093 116 0493
Other treatment 0532
No 43078 | 9990 40598 | 9424 2480 576 100
Yes 44 0.10 40 9091 4 909 142 049 410 0514
Years of diagnosis <0001
2007 5200 | 1227 5098 9637 e 100
2008 5,281 1225 5,032 95.28 249 4.72 128 1.05 155 0.015
2009 5989 | 1389 5663 | 9456 326 544 150 125 181 <0001
2010 6168 | 1430 5839 | 9467 329 533 149 123 179 <0001
aon 6456 | 1497 | 6069 9401 Ty 55| 1 22| <0001
2012 6984 1620 6489 9291 195 7.09 218 | 182 262 <0001
2013 6954 | 1613 | 6448 | 9272 506 7.8 203 169 243 <0001

dds ratio; CCI: charlson comorbidity index; NT$: new taiwan dollar; y/o: years old; CI: confidence interval; CVD: cerebral vascular disease.
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Pre- Adjunctive TCM therapy Post- Adjunctive TCM therapy

matching matching
Total \[e} yes p value Total \[e} yes p value
N 3 N % N % N %
Total 43122 10000 40,638 9424 2484 576 13848 | 10000 11540 | 8333 2308 | 1667
Cancer stage 0.005 1000
1 002 1856 7505 9379 497 | 621 238 2049 2365 833 473 | 1667
n 2240 | 519 2081 om0 19 710 690 498 575 | 8333 115 | 1667
m 9479 2198 [ 8943 9435 536 565 [ | 2,940 Cam 2450 | 8333 490 | 1667 |
v 23401 5427 | 22,109 9448 | 1292 552 7380 5329 6150 | 8333 1230 1667
Age <0.001 1000
205 ylo 8,739 e 7,939 Conss | s0 o15 | 4470 s 3725 | 8333 s ieer
55-64 ylo 10656 | 2471 9859 9252 797 748 4380 3163 3650 | 8333 730 1667
| 65-74 ylo 12042 2793 | 11450 9508 592 | 492 3336 | 2409 2780 | 8333 556 | 1667
| =75 ylo 11685 | 2710 11,39 9748 295 252 1662 1200 1385 | 8333 277 | 1667
Gender [ [ | | oo | | | 1000
male 24668 5721 23485 9520 | 1183 480 6,666 | asu 5555 | 8333 LI | 1667 |
| female 18454 | 4279 17,155 9295 1301  7.05 7,082 | 5186 5985 | 8333 1197 | 1667
ca | - o ) i i 1T 1000
| 0 41147 | 9542 | 38,792 Couzs 2355 i | 13428 9697 11,190 | 8333 | 2238 | 1667 |
o 1,139 s 1065 9350 74 650 240 173 200 | 8333 40 | 1667
22 836 194 781 9342 55 658 180 130 150 8333 30 | 1667
Surgery within 90 days 0.036 0223
no 6219 | 1442 Csar oim | o s T 1426 | 8229 s
yes 36903 | 8558 34741 9414 2162 586 12115 | 8749 10114 | 8348 2001 | 1652
Marital status ‘ <0.001 | osss
Married 30053 6965 | 28057 | 9355 19% 645 ost | e 923 | B 181 1647
| Unmarried 1919 445 1,810 Com | 19 ses 613 443 507 | 8271 106 | 1729
Divorced/separated 2732 634 2592 9488 | 140 512 730 527 597 | 8L78 133 | 1822
[ Widowed 6617 | 1534 6361 9613 | 256 387 LSt 1048 120 m291 | 248 | 1709
missing 1821 422 000 000
Education level | [ w0 | s
Elementary school or below | 21,037 | 4878 | 20216 9610 = 821 390 4838 3494 4038 | 8346 800 1654
Junior high school | a0 | 1456 s 9396 | 39 6o D2 16 193 | 89 st 1581
High school (vocational) 7704 | 1787 | 7,075 9184 | 629 816 3487 | 2518 2898 | 8311 589 1689
College and above e us | sen w26 62 o s mas 2 w7 s
missing 1923 446 000 0.00 [
Monthly salary (NTS) oo | o
I <17,280 I 11,144 1 2584 | 10,630 = 9539 514 461 2,944 | 2126 2,461 | 83.59 4837 1641
| 17am12280 17231 | 3996 16381 9507 850 493 4840 | 3495 4042 | 8351 798 | 1649
| 22,801-36,300 6018 | 1396 [ 5503 9294 425 7.6 | 2418 | 1746 2011 | 8317 | 407 | 1683 |
36,301-57,800 5375 | 1246 4953 9215 | 422 785 2275 1643 1,890 | 83.08 385 1692
257,801 3040 | 728 | 2888 9197 | 252 803 1371 990 1136 | 8286 235 | 17.14
missing 214 050 oo o0 | | |
Comorbidities
Diabetes s 823 3 9701 105 296 @ s 378 o sor % 1883 ou7s
| corp w2 s;2 25 snar | 51| 25 won | 6 199 23 ms0 | 5| 120 o2
cvD 1287 | 298 | 1239 9627 48 373 o2 27 1w s 45| 198 0231
I Liver cirrhosis s 13 s 9591 2 40 o0s 97 o P T
Renal failure 387 090 382 9871 5129 <0.001 14 010 12| 871 2| 1429 0550

“control variables including cancer stage, gender, age, salary, education level, marital status, severity of comorbiditis, diabetes, liver cirthoss, renal failure, cerebrovascular discase, chronic
obstructive pulmonary discase and whether surgery was performed within 90 days; precise matching of lung cancer patients who received TCM, as adjunctive therapy with those who did not in
terms of cancer stage, gender, age, and severity of comorbidities.

“*CCI: charlson comorbidity index; NT$: new taiwan dollar.
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Hepatobiliary

30 ICSRs
13 males, 16 females, 1 unspecified
age: 19-65 years (18 cases), 265 years (10 cases),

(unspecified: 2 cases)

Pulmonary

43 ICSRs
13 males, 30 females, 1 unspecified
age: 2-11 years (1 cases), 19-65 years

(31 cases), 265 years (6 cases), (unspecified: 5 cases)

Anaphylactic responses

9 ICSRs
3 males, 6 females
age: 19-65 years (8 cases), 265 years (1 cases)

System organ class

High level group
term

Preferred term

Investigations Hepatobiliary investigations | Alanine aminotransferase 21
increased
Investigations Hepatobiliary investigations | Aspartate aminotransferase 21
increased

Investigations Hepatobiliary investigations | Liver function test abnormal 3

Hepatobiliary disorders Hepatic and hepatobiliary | Hepatic function abnormal 2
disorders

Investigations Hepatobiliary investigations | Blood bilirubin increased 2

Hepatobiliary disorders Hepatic and hepatobiliary | Hepatitis acute 1
disorders

Hepatobiliary disorders Hepatic and hepatobiliary | Hepatitis toxic 1
disorders

Hepatobiliary disorders Hepatic and hepatobiliary | Jaundice 1
disorders

Investigations Hepatobiliary investigations | Hepatic enzyme increased 1

Respiratory, thoracic and Respiratory disorders NEC | Dyspnoea 2

mediastinal disorders

Respiratory, thoracic and Respiratory disorders NEC | Cough 8

mediastinal disorders

Respiratory, thoracic and Respiratory disorders NEC | Respiratory distress 2

mediastinal disorders

Infections and infestations Infections - pathogen Pneumonia 1
unspecified

Respiratory, thoracic and Bronchial disorders (excl Wheezing 1

mediastinal disorders neoplasms)

Respiratory, thoracic and Pleural disorders Pleural effusion 1

mediastinal disorders

Respiratory, thoracic and Respiratory disorders NEC | Irregular breathing 1

mediastinal disorders

Respiratory, thoracic and Respiratory disorders NEC | Respiratory depression 1

mediastinal disorders

Respiratory, thoracic and Respiratory disorders NEC | Sputum increased 1

mediastinal disorders

Immune system disorders Allergic conditions Anaphylactic reaction 8

Immune system disorders Allergic conditions Anaphylactic shock 1
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Probablelikely

Possible

Unlikely

Cases, n (%)

27 (25)

161 (14.6)

616 (56.1)

132 (12.0)

Most frequent HMP—AE combination

Jagyakgamcho-tang: constipation (3)
Banggiwhanggi-tang: Dry mouth (2), Insomnia (2)
Bangpungtongseong-san: Dry mouth (2)

Eunkyo-san: Urticaria (7), Angioedema (5), Rash (4)
‘Woohwangchungsim-won: Somnolence (4)

Bangpungtongseong-san: Insomnia (36)
Kyuongok-go: Diarrhoea (19)

Bangpungtongseong-san: Dry mouth (8), Somnolence (4), Tremor (4),
Dizziness (3), Sleep disorder (3)
Galgeun-tang: Generalised oedema (3), Weight decreased (3)

Conditional/unclassified

‘Unassessable/unclassifiable

Not applicable

19 (1.7)

138 (12.6)

6(05)

Bojungikgi-tang: Weight increased (3)
Kyuongok-go: Abdominal discomfort (2)
Ssanghwa-tang: Diarrhoea (2)

Kyuongok-go: Pyrexia (6), Diarrhoea (5), Erythema (5), Hypersensitivity (5),
Rash (5), Flushing (4), Pruritus (4), Urticaria (4)
Gongjin-dan: Pruritus (4)

Ssanghwa-tang: Product quality issue (2)
Banhasasim-tang: Vertigo (1), Vomiting (1)
Bangpungtongseong-san: Product prescribing error (1)
Ssanghwa-tang: Expired product administered (1)
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Licensed herbal medicine products n (7 Production amount ranking

Bangpungtongseong-san (Fangfengtongsheng-san, Bofutsusho-san) 297 (269) 6
Kyeongok-go (Qiongyu-gao, Keigyoku-kou) 144 (13.0) 2
Eunkyo-san (Yingiao-san, Gingyo-san) 108 (9.8) 10
Uhwangchungsim-won (Niuhuanggingxin-whan, Goouseishin-gen) 62 (56) 1
Galgeun-tang (Gegen-tang, Kakkon-to) 52 (47) 8
Ssanghwa-tang (Shuanghe-tang, Souwa-to) 43 (39) 5
Bangkeehwangkee-tang (Fangjihuanggi-tang, Boiogi-to) 41 (37) 1
Cheonwangbosim-dan (Tianwangbuxin-dan, Tennouhoshin-tan) 38 (34) 7
Gongjin-dan (Gongchen-dan) 36 (33) [ 3
Socheongryong-tang (Xiaoginglong-tang, Shoseiryu-to) 30 27) 12
Banhasasim-tang (Banxiaxiexin-tang, Hangeshashin-to) 24 (22) 9
Jakyak gamcho-tang (Shaoyaogancao-tang, Shakuyakukanzo-to) 22 (20) -
Ojeok-san (Wuji-san, Goshaku-san) 16 (1.4)

' Sogunjung-tang (Xiaojianzhong-tang, Shokenchu-to) 15 (14) -
Maekmundong-tang (Maimendong-tang, Bakumondo-to) 14 (13) 13

*Herbal medicines with Chinese or Japanese names in parentheses. The compositions of these herbal medicines are provided in Supplementary Table §5.
"Dyiliing of 154 Booniesd Nabal iiedicitie peoducti b oondibtian; S s Xoce S





OPS/images/fphar-15-1378208/fphar-15-1378208-t005.jpg
Causality of each dru n (%)

Suspected drug 913 (82.6)
Concomitant drug 192 (17.4)

' Interacting drug 0(0.0)

| Administration period

| up to 1 day 145 (13.1)
2-5 days 94 (8.5)
6-10 days 26 (24)
11-50 days 70 (6.3)
50 days ~ 18 (1.6)

' (Missing) 752 (68.1)

VAction taken
Drug withdrawn 494 (44.7)
Dose reduced 38 (34)
Dose not changed 82 (7.4)
Unknown [ @n
Not applicable 89 (8.1)
(Missing) 357 (32.3)
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Patient demographics of 48 ICSRs® n (%)

Age at the time of occurrence

0-27 days 0(0.0)
28 days to 1 year 122
2-11 years 0(0.0)
12-18 years 1(22)
19-64 years 34 (75.6)
65 years ~ 9 (20.0)
Sex ‘
Male 17 (35.4)
Female 31 (64.6)

Category of serious adverse event in 48 ICSRs/99 adverse events® ‘

Death 2(42)/8 (8.1)
Life-threatening 3(6.3)/3 (3.0)
Hospitalization (initial or prolonged) 31 (64.6)/51 (51.5)
Disability or permanent damage 0(0.0)/0 (0.0)
Congenital anomaly/birth defect 0 (0.0)/0 (0.0)
Important medical events 16 (33.3)/43 (43.4)

99 adverse events classified by System Organ Class

Skin and subcutaneous tissue disorders 19 (192)
Investigations 17 (17.2)
Respiratory, thoracic and mediastinal disorders 12 (12.1)
General disorders and administration site conditions 10 (10.1)
Gastrointestinal disorders 9(9.1)
Nervous system disorders 6(6.1)
Eye disorders 4(4.0)
Immune system disorders 4(40)
Infections and infestations 4(4.0)
Hepatobiliary disorders 3(3.0)
Musculoskeletal and connective tissue disorders 3(3.0)
Metabolism and nutrition disorders 2(20)
Psychiatric disorders 2(20)
Blood and lymphatic system disorders 1(1.0)
Cardiac disorders 1(1.0)
Injury, poisoning and procedural complications 1(1.0)
Vascular disorders 1(1.0)

“Three patients had missing age data.
"An ICSR, and an adverse event can be classified under more than two serious adverse event
categories.
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System organ class Adverse event (preferred (VA) PRR ROR 1Co25
Gastrointestinal disorders Diarrhea 95 (58) 182 187 015 3543
Skin and subcutaneous tissue disorders Urticaria 87 (53) 069 067 -125 1263
Skin and subcutaneous tissue disorders Pruritus 77 (47) 056 054 -160 2882
Skin and subcutaneous tissue disorders Rash 72 (44) 0.69 0.68 -132 10.02
Gastrointestinal disorders Abdominal discomfort 69 (42) 510 528 145 2421
Psychiatric disorders Insomnia 67 (41) 582 603 161 263,60
Nervous system disorders Dizziness 54(33) 036 034 -237 66.62
Gastrointestinal disorders Dyspepsia 51(3.1) 131 132 056 342
Nervous system disorders Headache 51(3.1) 047 045 -201 3201
Gastrointestinal disorders Nausea 49 (30) 018 016 -337 21071
Gastrointestinal disorders Abdominal pain 43 (26) 140 141 054 468
Gastrointestinal disorders Vomiting 43 (26) 035 033 -252 5646
Cardiac disorders Palpitations 37 (23) 310 315 046 50.88
Gastrointestinal disorders Dry mouth 2o 230 232 -003 235
Gastrointestinal disorders Constipation 30 (18) 124 125 -090 120

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Prevalence (%) Confidence

Hedyotis diffusa Willd Gui-Lu-Er-Xian-Jiao 215 83.1 21
Hedyotis diffusa Willd Jia-Wei-Xiao-Yao-San 14.6 758 | 19
Hedyotis diffusa Willd Scutellaria barbata D. Don 126 953 [ 23
Jia-Wei-Xiao-Yao-San Gui-Lu-Er-Xian-Jiao 111 43 22
Hedyotis diffusa Willd * Reynoutria maltifora (Thunb) Moldenke 90 759 1o
Gui-Lu-Er-Xian-Jiao Reynoutria multiflora (Thunb.) Moldenke 89 747 29

Prevalence indicates the percentage of each combination among all prescriptions (n = 665). Confidence and lift represent the strength of each combination, with higher values representing
stronger connections between CHMs.
A beeviatiain CEIM dilime birhal iedicine: B0 Boikapml caicw.






OPS/images/fphar-15-1394537/crossmark.jpg
©

|





OPS/images/fphar-15-1394537/fphar-15-1394537-g001.gif





OPS/images/fphar-15-1394537/fphar-15-1394537-g002.gif





OPS/images/fphar-15-1364318/fphar-15-1364318-t002.jpg
HR (95% ClI) P HR (95% Cl) P

All CHM users (n = 49) ‘ 0.69 (0.50-0.94) 033 (0.14-0.76) 0.009
CHM nonusers (n = 703) [ 1 (reference)

Use of CHM by duration

<21 days (n = 25) 0.99 (0.67-1.46) 0961 108 (0.41-2.83) 0.875
>21 days (n = 24) 0.4 (0.27-0.70) 0.001 0.18 (0.07-051) 0.001

Abbreviations: CHM, chinese herbal medicine; CI, confidence interval; EC, esophageal cancer; HR, hazard ratio; aHR, adjusted hazard rati
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HR (95% CI)

‘ Different PS models

IPTW (n = 752) 069 (0.51-0.95) 0.025
ATT (n = 752) 067 (0.49-0.93) 0.016
Overlap weighting (n = 752) 0.68 (0.49-0.93) 0.016
1:5 PSM (n = 524) 0.70 (0.50-0.98) 0.035

Different populations

All patients, without landmark design (n = 1,310) 054 (0.40-0.73) 0.000

Model with 90-day landmark analysis (n = 1,024) 0.60 (0.44-0.81) 0.001

Abbreviations: ATT, average treatment effect for the treated; CHM, chinese herbal medicine; CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment weighting; PSM,
propensity score matching,
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CHM Count  Prevalence (%)

Hedyois diffusa Willd 265 398
Gui-Lu-Er-Xian-Jiao 172 259
Jia-Wei-Xiao-Yao-San 128 192
Salvia miltiorrhiza Bunge 9% 17
Scutellaria barbata D. Don 90 135
Reynoutria multiflora (Thunb.) Moldenke | 79 1o
Frtllaria thunbergii Miq s 17
' Sha-Shen-Mai-Dong-Tang 77 1.6
Bu-Zhong-Yi-Qi-Tang 68 102
Suan-Zao-Ren-Tang 67 101

Abbreviations: CHM, chinese herbal medicine; EC, esophageal cancer.
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Forest plot of LVEDD
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Forest plot of hs-CRP
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Forest plot of effective rate
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Author Sample  Male/ Intervention Reperfusion  Courses/  Follow- Outcomes

(publication size (T/C) female strategy day  up/week
year)
TliC
Yang et o, (2022) 555 3 3 G245: | Xushuantong injccion 300 mg + | Asprin, Plavix, lowmolecular ra 7days 21w 00
w u | s S GS250mLqdivgn | weightheparin, Tatin, ACEL -
61742769 blockers, nitrtes, nd rhENP
Yang et al. 2015) w2 20 2 61192 | Xushuantong injection 250 mg + | Aspiin, Plavi, urokinase “Thrombolyss 1idays s 000000
B 0 @7:96 5GS250mladivge injecion, and low-moleculr
‘weght hepain clcum
Zhong and Zheng, @06 38 %6 51753 | Thrombolyss atthe sumetime  Urokinase njeton,aspirin, | Thrombalyss 7 days I o080
Cor9) 3133 4996l | adminisering Xueshuaniong and slprotadil injecton
injection 500 mg + 09% NS.
250 mL. qdiv gt
Xie. 017) A0 20 2 Th463 | Xushusntong injecion 300 mg + o ra 7days aw 00000008
16 18| 726267 | 09%NS 30mLdiven
Guo. (2019) M 2 25/ S528% | Bofore PCI Xuesitong njecon | Aspin, Plvi, low-mlecular ra 14 days aw ©6000
v s 40 mg v deop. At PCL, weight heparin, tiofiban
5559+ 814 | Xuesatong injection 400 mg +09% | ydrochloride, Tatin, ACEI,
NS. 250 mL qd i g and f-blockers
Sun etal. 20200) SUS0 34 39 5583+ | Before PCL Xuesitong injectin | Aspiri, Plavix, low-molecular rar 1 days 2w ©000®
615 w2 100 mg v drop. Afer PCL, ‘weight heparin, tirfiban
5594839 | Xuesatong injection 100 mg +09% | ydrochoride, Tatin, ACEI,
NS. 250 mL qd i gt and f-blockers
Zhou etal. (20180 @ 33 3§ 5535+ | Xucsitonginjecion 200 mg + 09%  Aspirn, Plavis, Tatin, ACEL a 1days aw 0000000000
EAE AN NS. 250 mL qd i gu and p-blockers
54792745
Zhang, (2019) 60 38 a1 S5 | Before PCI Xuesitong njection rar 1 days w o
2 9 s 100 mg i drop. Afer PCL,
50874794 Xuesaitong inection 100 mg + 09%
NS, 250 mL qd i g
Chen. (2019) Sust 33 30 8+ | Before PCL Xucsitong injectin | Aspiri, Plavix, low-molecular v ua 2 ©00000
n o u s 400 mg v drop. Afer PCL, | eight heparin, and tirofban
59792428 | Xuesstong inection 400 mg + 0% hydrochloride
NS. 250 mL qd i gr
Qo et (2016) W0 2 W 6179 | Nuesatong injecion 400 mg + 5% | Aspri, Plavix, and Tatin ra 1days 2w 00
W 16| @578 GS.250 mi. qd iv g
Sun et al. (20200) 5050 32/ 30 5902 | Xuesaitong injection 400 mg + 5% Aeplase + CT Thrombolysis 15 days 2w foleTor:)
| e GS. 250 mL od iv grt
9142626
i and Liu. (2022) 54754 33 35 5342 | Xueshuantong injection 00 mg +  Altplase, Low-molecular Thrombolysis 7 days aw 000008
PR 5% GS. 250 mL qd iv gt weght heparin, ACEL -
55794946 blockers, and nitrates
Xin and Qian. (2018) 5453 33/ 31/ 51984/ Before PCI, Xuessitong injection | Aspirin, Plavix, and Tatin vt 14 days 2w 008
2 2 23:82 | 100mgivdrop Aer PCL
Xussitong injection 100 mg + 09%
N.S. 250 mL qd iv gtt
ZhangandDuGI9)  4OM0 | 28 26 6723% | Xuesstong injction 400 mg + 0% Bdarsvone + CT = 1 days w ©00
2 | s GS. 250 m. qd i gt
6842353
Fuetal. 0140) EY S I “Thrombolyss at the same time Urokinase + CT “Thrombolyss 7days I o
administering Xucshuantong
injcton 250 mg + 5% G.5. 250 .
adivgn
Fuetal, (01b) 332 0 17 2658 | Thrombolysis atthe same time Urokinsse + CT Thrombolyss Lidays P @000
6 s administering Xueshusntong
injcton 250 mg + 5% G5, 250 ml.
adiv g
Liu et al. 018) 60 36 7 5766 | Before PCL Xucsitong injection | Aspiin, Plavi, low molecular a 1days aw 00000000
u B o 400 mg iv drop. Aftr PC, ‘weight heparin, tirfiban
555+ | Xusaitong njection 400 mg +09% | bydrochorde, Tatin, ACEL,
1009 NS. 250 mL qd iv g and p-blockers
Wang. (2018) 5252 31/ 28/ 5671 | Before PCL, Xuessitong injection | Aspirin, Plavis, low-molecular vt 14 days aw ©08
au e 10 mg v deop. Afte PCL, “weight heparin, tirofiban
5729661 | Xuesstong injection 400 mg + 09% | hydrochloride, Tatin, and f-
NS, 250 mL qd i g blockers
Feng etal. Q017) w | - | - Xucssitong injection 400 m Aspiin, Plavis, and low- rar Lidays 2w )
Intrcoronary njecton va a guided | moleclar weight heparin
atheter
Ganetal (2010) 09 12 1 5726102 Xucsitong injection 900 mg, | Asprin, Plavix, and tiroiban ral 2ais 20w o
5 8 | 554293 | incoronary inection viaa guided ydrochloride

catheter. After PC, Xuesaitong,
injection 400 mg + 0.9% NS
250 ml qd iv gtt

T/C,reatanentgrouplconte groups P, percutancous coromaryintersention; T, conventionl trestments d,once: days g, ntravenous uttacs @ ot efectverte, @ myocardiainforct size, @ ST segment devaton amplitade, @ CK-MB, @ ¢TnT, © €Tal, ©
BNP. ® LVEF, ® LVEDD, ® CO, ® CRP, ® TNF-a, ® IL-6, ® PTX-3, ® ET-1, ® NO, ® SOD, ® major adverse cardiac events, and @adverse response.
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Forest plot of LVESD
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Study Intervention/  Treatment  Sample Size  AgeYear GenderNo. Course, ~ Comorbidity Outcome

population  Comparison time (T/C).Dropout  (T/C) Of Male Year assessment
(T/c) ey ()
1| Chen Quus | China 2arm | Edrly patients with Benaepil A weds 98 (911900 e S r N E ecive e
evre CHE hydoochlorde tblts po niis
2610+ SGCPpo 3¢
Benaeprl
hydeochoride ablts po
rid
3 CulVingols | Chim2amm | Paieniswith CHFfor  Conventonal restment |4 wecks e som2 e 52/ g K N g fcive e, s
more than 3 months+ SGCP 4o i S5+ 532 R, TNF-,
Conventions] catment LVESD, LVEDD.
NP LVEF
3 Gy | Chimdam | SeercCHE(NVHA  Comventons westment | dweeks o Gus0 w2281 1ons N Experimentl goup: | Experimenl goup: | efftve rate
iushuang200s w +5GCP po 3¢ i/ @122 16 cases of coromaryhear | Grade 1120 cass,
Conventionsl eatment e 10 canof | grade IV 14 cases
cantiomyopathy, 6 s | Contrl group:
of theumaicheat | 22 caesofgade 1.
dicae, 2 cusesof | and 12 asesof
pulmonary ber dscse | gade IV

Contol roup: 15 s of
coronary heart discse,
S
cantiomyopathy, 7 caes
of heumtic heat.
diens, 3 cases of
pulmonary hear discse

. e Chimazam | NVHAIV  Comentionl weament |4 wedks 150 G000 @42 1081 s sie2y N Expermentl roup: | effctive e
Xiaopan20ts L SGCP po e it e pryey] 13 caes of gade f, | LVEDD LVEF hs
Conventionsl catment 6 cases of gradel, | CRP TNF.a BNP
1 caes of grade IV
Conil grouy:
12 caes o grade I,
61 cases of grade
17 s of grade V.
S LiSorg2d | Chim2amn | Paiots wihCHF  Bioprobol fmarae Aeds 77 o9 5390+ 63/ am 1002030 | Expeimentl gowp: | Experimenal group: | ffctive rate
e po 19+ SGCP Sieeen LO1£031 | 20 cavs of yperemsion, | 24 cases of rade Il | LVEF BNP
o it tidBoproll 13 cases of coromaryhear | and 15 cseso grade
Tumarte bl po e G cxesofdabtes |l Contro groap:
vl Contol roup: 23 casesof | 26 caes of grade I
yperension, 11 cassof | and 12 casesof
coronary heant discse, el

4 cases of dsbetes

‘ i Chima 2am | Paintswith CHF,  Conventional wcament |4 wecks 8 G50 106649 154 63065 | 55 caseof coromaryhear | Experimental group: | effctive e BNP
Wentao2ol3 hesrkidney Yang» SGCP po 4 tdl dicase, 36 cassof | 11 casesof grade I,
decency paten; Conventional restment yperenion, 26 caesof | 19 case of grade I,
NYHA L didetes(no spedfic | cases o grade V:
aroup descripion) Conro group:
1 cases o grade I
16 cases of rade
3 cassof grade 1V
7 s China 2arm | Patnts with CHF;  Convertionsl wcament |4 wecks wen9g Man 7274 e Experimentl group N efcive e
Fengmei2010 NYHA lland aboses+ SGCP po 3¢ i/ Coromay her discas n LVEDD LVESD
LVEF< S0%. Conventionsl catment 10 cases, pulmonary hear LB
dsease in 3 case,
yperensive hear discase
'8 caes; Conro roup
9 cassof coronsy hert
S, 2 case of
pulmonary heart discase,
7 cses of hypertnsive
hear discae, 1 cae of
dited adiomyopathy
s Yo Chima 2arm | Patets with CHF,_ Conventional wcament |4 wecks. 20 022980 wis70 5 prryes N Experimentl goup: | cfcive e
Chunjuancots NYHA I Yang i+ SGCP po 3¢ i/ ca e P 7 cses o gade I hecrr
decency paterm or  Convertionsl csment and 5 casesorgrade
Hood stasis induced i Contra grouy:
ot etention 55 caes of grade |
e nd 43 cresof
el
9 Zhuwmg | Chimdam | Pewswih CHE  Comentions temen | §wecks 57 00 7937 76 1505 N N Experimentl groups | fftiv rte LVEF.
Roi2021 NYHA IV Yang + SGCP po 40 i/ 772621031 1 caes of grade I
dfckncy and bood  Conventional eament 12 cases of grade
s patiern At of grde Va
Contolgroay:
13 cases of grade I,
9 case o gude

5 cases ofgrade IV

BN, brain natriuretic peptidehs- CRP, hypersensitive C:esctiv proeins LVEF, et ventricular eection facton; LVEDD, left ventsculrend-diasolic dimension LVESD, et ventrcular end-systli iametr; SGCP, Shen Gul capsue;T/C,data of Tralgroupldata of
Bomiel ais T i vt Rartor S Rk bhce
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Outcomes  Sample ations  Inconsistency  Indirectness ion  Publication bias  Relative effect (95% Cl) Quality

Efictive rate 9 685) -r o o o o RR= 121 (114,129) 0 Moderte
LEF 660) -r 3 o o - MD = 458 (140, 775) o Veylow
hs.CRP 3 80) r o o o o MD = 270 (312, -228) 3 Moderwe
™Fa 260 » o - o MD = 1416 (-3404, 573) % Verylow
LvEsD 2020 v o o - o MD = 136 (-3.12,001) o low
LvEDD 3600) -r o o o o 193 (32, -060) 0 Moderte
P 1405 o o - % Verylow
BNP, brsin ntriuretc peptide LVEDD, et entriculr nd-distolic dimensions LVEF, If ventiulr ciction fsctions LVESD, et ventriculeend-systolic dimensions.

“The included study had an uncea risk of slecton, performance, dtection, and reportng bises.
505 12 < 75%,

Sample size <300

Mrkice-saibe sublscoman i
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