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Background: Heart failure (HF) is a global health concern, affecting millions of individuals worldwide and leading to significant morbidity and mortality. Despite advances in conventional therapeutic strategies, the prognosis for HF patients remains challenging, and there is a constant search for novel therapeutic options. Among these, Panax quinquefolius saponin (PQS) has demonstrated promising pharmacological properties that may benefit HF. However, the efficacy and safety of PQS for HF have not been comprehensively evaluated.Objective: This systematic review and meta-analysis aim to provide a more reliable estimation of the efficacy and safety of PQS for HF. This will help clinicians make informed decisions regarding the potential use of PQS in managing HF patients.Methods: We comprehensively and systematically searched for published randomized controlled trials (RCTs) in the following eight electronic databases: PubMed, Cochrane Library, EMBASE, Web of Science (WOS), China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database (VIP), Wanfang Data, and China Biology Medicine Database (CBM) from database inception to March 2024. The Cochrane risk of bias (ROB 2.0) assessment tool was used for quality assessment, and Review Manager (RevMan, version 5.4) was used for meta-analysis. Mean difference (MD), 95% credible interval (CI), and relative risk (RR) estimates were calculated under a random-effects model. We also used GRADE profiler (GRADEpro, version 3.6) to analyze the quality of outcomes. In addition, the protocol has been registered in International Platform of Registered Systematic Review and Meta-analysis Protocols (INPLASY) under registry number 202440050.Results: This study included nine RCTs involving a total of 952 patients with HF. The results of a meta-analysis under a random-effects model showed that adjuvant PQS therapy significantly increased LVEF (MD = 6.23, 95% CI [4.35, 8.12], P < 0.00001), 6MWTD (MD = 25.26, 95% CI [8.23, 42.30], P = 0.004), and decreased BNP/NT-pro-BNP (MD = −187.94, 95% CI [−267.20, −108.67], P < 0.00001), LVEDV (MD = −22.83, 95% CI [−42.79, −2.87], P = 0.02), LVEDD (MD = −4.76, 95% CI [−5.77, −3.74], P < 0.00001), and LVESV (MD = −11.86, 95% CI [−19.89, −3.83], P = 0.004) in patients with HF.Conclusion: The evidence provided by this systematic review suggests that adjunctive PQS therapy for HF can improved clinical efficacy and holds potential advantages in improving cardiac function and increasing exercise tolerance. However, given the limitations inherent in this review, the conclusions of this study should be interpreted cautiously. Therefore, in clinical practice, it is recommended that physicians tailor treatment strategies according to the specific circumstances of individual patients.Systematic Review registration: https://inplasy.com/?s=202440050Keywords: panax quinquefolius saponin, heart failure, systematic review, meta-analysis, efficacy and safety
1 INTRODUCTION
Currently, the disability and mortality rates of heart disease are extremely high (GBD Causes of Death Collaborators, 2021). Among them, heart failure (HF) is the end stage of many cardiovascular diseases. At the same time, HF is a global health concern, affecting over 64 million people worldwide and leading to significant morbidity and mortality (Savarese et al., 2023). It is a clinical syndrome characterized by symptoms and/or signs resulting from structural and/or functional cardiac abnormalities, supported by elevated natriuretic peptide levels and/or objective evidence of pulmonary or systemic congestion (Bozkurt et al., 2021). HF presents clinical symptoms that include dyspnea, orthopnea, paroxysmal nocturnal dyspnea, and peripheral edema. The majority of the affected population is elderly, and the incidence of the disease increases with age (McDonagh et al., 2021). However, there has been a growing trend towards occurring in younger individuals in recent years (McDonagh et al., 2022). The Report on Cardiovascular Health and Diseases in China 2023: an Updated Summary stated that there are 8.9 million people with HF, which the total cost of HF hospitalization in 2022 totaled 17.06 billion yuan (Diseases et al., 2024). Furthermore, the American Heart Association forecasts that the total cost of treating HF patients will increase from $31 billion in 2012 to $70 billion in 2030 (Heidenreich et al., 2013). HF leads to a marked decline in the quality of life for most patients and imposes a heavy economic burden on individuals and society (GBD Disease and Injury Incidence and Prevalence Collaborators, 2017, McDonagh et al., 2023), making it a significant public health problem.
The interaction of multiple etiological and pathophysiological mechanisms constitutes the complex pathophysiology of HF (Chen et al., 2023). HF is primarily myocardial injury, leading to a progressive decline in the structure and function of the heart, culminating in end-stage heart disease (Lin et al., 2021). HF is mainly caused by risk factors for cardiovascular disease, including coronary heart disease (CHD), hypertension, atrial fibrillation, and diabetes (Ziaeian and Fonarow, 2016). In addition to cardiovascular diseases, non-cardiovascular diseases can also lead to HF. It is currently understood that HF is a chronic, progressive condition. The pathogenesis of HF involves multiple aspects (Maruyama and Imanaka-Yoshida, 2022; Aimo et al., 2020; Fontes et al., 2020; Abernethy et al., 2018). Firstly, activation of the neuroendocrine system leading to myocardial remodeling is a key factor in the onset and progression of HF (Hartupee and Mann, 2017). This includes adrenaline, noradrenaline, and the renin-angiotensin-aldosterone system. The excessive activation of these systems can result in myocardial remodeling, including cardiomyocyte hypertrophy and interstitial fibrosis, ultimately leading to impaired cardiac function. Secondly, myocardial metabolism is also a critical aspect of HF pathogenesis. Cardiomyocytes require significant energy to maintain normal contractile and diastolic functions, and any abnormalities affecting myocardial energy metabolism may lead to myocardial dysfunction (Da Dalt et al., 2023). Chronic inflammatory reactions can promote myocardial remodeling, cell apoptosis, and interstitial fibrosis, thereby causing a decline in myocardial function. Additionally, adipokines and cytokines are involved in regulating the pathogenesis of HF. For example, adipokines and cytokines associated with obesity may affect cardiac function through various pathways, including inducing cardiomyocyte hypertrophy, inflammatory reactions, and fibrosis (Packer, 2018). Damage to endothelial cells leading to insufficient nitric oxide secretion can result in impaired nitric oxide-soluble guanylate cyclase-cyclic guanosine monophosphate (NO-sGC-cGMP) signaling pathway, which also has significant effects on myocardial fibrosis and remodeling (Paulus and Tschöpe, 2013). Recent study has further highlighted the role of inflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α), in promoting myocardial inflammation and adverse remodeling in HF (Murphy et al., 2020). Mitochondrial dysfunction is also an essential factor in the occurrence and development of HF (Hinton et al., 2024; Zhou et al., 2020). It is a complex disease, and its pathogenesis involves the interaction of multiple factors. A thorough understanding of these mechanisms is crucial for preventing and treating HF. Based on the current pathogenesis, the conventional foundational pharmacotherapy primarily includes diuretics, renin-angiotensin system inhibitors (RASI), β-blockers, mineralocorticoid receptor antagonist (MRA), sodium-glucose co-transporter two inhibitors (SGLT2i), and soluble guanylate cyclase stimulators (SGC) (Chinese Society of Cardiology, 2024), etc. These medications can reduce myocardial oxygen consumption, improve clinical symptoms and quality of life, and enhance exercise tolerance, thereby preventing or reversing ventricular remodeling, and reducing HF readmissions. However, these medications still cannot fully address the fundamental issue of HF (Wilcox et al., 2020), as mortality and readmission rates remain high. Therefore, there is a continual need to create new anti-HF medications to prevent and treat HF effectively.
Panax quinquefolius (PQ), namely American ginseng, commonly known as North American ginseng, has been recognized as an herb of the genus Panax in the United States and Canada, and its roots and rhizomes have been used widely for more than 300 years in China (Xing et al., 2019; Ma et al., 2017). Panax quinquefolius saponin (PQS) is the main active component extracted from the stems and leaves of PQ and can be applied in the clinic of various diseases (Wang et al., 2015a). The saponins in the roots, stems, and leaves of PQ mainly include ginsenosides Rb1, Rb2, Rg1, Rb3, Rc, Rd, and Re (Xing et al., 2019). However, the content of ginsenosides in stems and leaves was significantly higher than in roots. PQ stems and leaves can be harvested from September to October every year, and ginsenosides produced from stems and leaves have the characteristics of lower cost (Zhang et al., 2022). Ginsenoside Rb3 (GRb3) is one of the main components absorbed into the bloodstream from PQS. Previous studies have shown its estrogen receptor agonistic effects, making it one of the pharmacological bases for PQS to exert estrogen-like cardiovascular protective effects (Pan et al., 2014; Wang et al., 2022). Additionally, a study has shown that ginsenoside Rg1 (GRg1) can influence factor secretion, manifested by reducing the secretion of collagen and TGF-β under high glucose conditions, thereby inhibiting the proliferation of cardiac fibroblasts. PQS can also inhibit the signaling of R-Smads/Co-Smad through the TGF-β1/Smads pathway, suppress the expression of connective tissue growth factor, thereby affecting myocardial fibrosis, and inhibiting HF (Zhang et al., 2023). Several previous pharmacological studies have found that PQS has the effects of being anti-oxidant, improving immunity and ventricular remodeling, anti-fatigue, increasing energy storage in ischemic myocardium, anti-inflammation, free radical scavenging, kidney protection, improving myocardial energy metabolism (Wang et al., 2015b; Tang et al., 2016; Kim et al., 2019; Liu et al., 2015; Zhang et al., 2019). A present study demonstrates that North American ginseng attenuates β-adrenergic-activation-induced cardiac hypertrophy as well as HF by preventing PKA activation and CREB phosphorylation (Tang et al., 2016). Currently, a main patent preparation containing PQS components approved for market by the State Food and Drug Administration is Xinyue Capsule (launched in 2003, commercial name as Xinyue capsule, Z20030073) (Wang et al., 2023). It has been widely used for treating CHD for over 20 years. The Chinese Expert Consensus on the Clinical Application of Xinyue Capsule recommends the concurrent use of Xinyue Capsule with conventional medicine treatments for chronic heart failure (CHF). After treatment, it significantly improves left ventricular ejection fraction (LVEF) in patients, clinical heart function grading, and lowers B-type natriuretic peptide (BNP) levels (Liu et al., 2014). Prior basic research has confirmed that PQS combined with dual antiplatelet therapy can improve ventricular remodeling in rats with acute myocardial infarction (Kou et al., 2018). Additionally, randomized controlled trials (RCTs) reports have shown that the application of PQS formulations on top of conventional medicine treatment can improve clinical symptoms, enhance cardiac function, and increase LVEF in patients with HF. This significantly improves the quality of life for patients. However, current RCTs suffer from limitations such as small sample sizes and low quality. Furthermore, the lack of comprehensive and objective systematic reviews and meta-analyses also leads to a lack of clear understanding of the overall efficacy and safety of PQS for HF. Therefore, this systematic review and meta-analysis aims to evaluate the efficacy and safety of PQS for HF, using high-quality clinical RCTs. The objective is to provide reliable evidence-based medicine for clinical practice.
2 METHODS
The systematic review and meta-analysis were reported according to the Preferred Reporting Item for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021). No additional ethical approval or written consent from patients is required, as all data can be freely obtained from public databases. This protocol has been registered in International Platform of Registered Systematic Review and Meta-analysis Protocols (INPLASY), and the registration number is 202,440,050.
2.1 Search strategies
We systematically searched for published RCTs in the following eight electronic databases: PubMed, Cochrane Library, EMBASE, Web of Science (WOS), China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database (VIP), Wanfang Data and China Biology Medicine Database (CBM) from database inception to March 2024 with no language restriction. The Medical Subject Headings (MeSH) and keywords used for the search included: “heart failure,” “Cardiac Failure,” “Congestive Heart Failure,” “Heart Failure, Right-Sided,” “Heart Failure, Left Sided,” “heart incompetence,” “cardiac backward failure,” “chronic heart insufficiency,” “Heart Decompensation,” “Myocardial Failure,” “Panax quinquefolius saponin,” “PQS,” and “Xinyue capsule.” Please refer to the Supplementary Materials for details on the search strategy.
2.2 Study selection and eligibility criteria
2.2.1 Study design
This systematic review only included RCTs that meet the eligibility criteria for inclusion. The following were the specific inclusion criteria.
2.2.2 Patients
Participants who have been definitively diagnosed with HF.
2.2.3 Interventions
HF patients meet the indications for PQS treatment. PQS preparations alone or combined with PQS preparations based on conventional treatment.
2.2.4 Control group interventions
The control group received conventional drug therapy or a placebo. Conventional drugs include diuretics, RASI, MRA,β-blockers, cardiotonic, and vasodilators.
2.2.5 Outcomes
Referring to the Clinical Practice Guidelines for the Management of Heart Failure with Chinese Patent Medicine (2021) (Diseases, 2022), and consulting clinical doctors, the following outcome measures were ultimately determined: (1). Primary outcomes included LVEF, BNP or N-terminal pro-BNP (NT-pro-BNP), and 6-minute walk test distance (6MWTD). (2). Secondary outcomes included left ventricular end-diastolic volume (LVEDV), left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic volume (LVESV), and adverse events.
2.2.6 Exclusion criteria
The exclusion criteria used in this review are as follows: (1). The study conducted on non-human subjects; (2). Literature available only in abstract form without full-text access; (3). The study has insufficient or irrelevant data that cannot be used for meta-analysis or to draw meaningful conclusions. (4). The same clinical data was published by the same author in different journals.
2.3 Data extraction
We used EndNoteX9 to manage the retrieved records from the eight electronic databases mentioned above. Two researchers (Jing Wang and Zheng Liang) independently extracted data from the included studies strictly according to eligibility criteria and cross-checked the extracted data. If there is any disagreement about the extracted data, it can be discussed with a third researcher (Tianying Chang). The details of the extracted information were as follows: basic characteristics of studies (author, year, title, study location, study design, sample size, New York Heart Association (NYHA) cardiac function classification); interventions (dosing regimen, dose, treatment duration, follow-up time); subject characteristics (criteria for diagnosis of the disease, age, sex, course of disease); and primary outcomes (LVEF, BNP/NT-pro-BNP, 6MWTD), secondary outcomes (LVEDV, LVEDD, LVESV and adverse events).
2.4 Assessment of risk of bias
We utilized the Risk of Bias assessment tool recommended by the Cochrane Handbook (ROB 2.0) to evaluate the risk of bias in the included studies. Two reviewers (Jing Wang and Tianying Chang) independently conducted the assessment based on the ROB criteria. ROB 2.0 assesses bias across five domains: randomization process, deviations from intended interventions, missing outcome data, outcome measurement, and selective outcome reporting. Each study can be assessed as having high RoB, some concerns, or low RoB. In discrepancies, consensus can be reached through discussion between the two reviewers or resolved through consultation with a third party (Zheng Liang).
2.5 Statistical analysis and synthesis
We used RevMan (version 5.4) by the Cochrane Collaboration to analyze and synthesize the data. We synthesized available outcomes data from more than two studies for meta-analysis. Continuous outcomes data were presented as mean differences (MD) with 95% credible interval (CI), while for dichotomous data, risk ratios (RR) with 95% CI were used for analysis. We applied a random-effects model to conduct meta-analyses for all outcome measures and assessed heterogeneity using the I2 test. Sensitivity analysis and subgroup analysis were performed when statistical heterogeneity was present among included studies (I2 ≥ 30% and P ≤ 0.10). Subgroup analysis was conducted based on predefined variables to explore potential sources of heterogeneity: intervention measures in the treatment group (sole use of PQS preparations or in combination with other traditional Chinese medicines), intervention measures in the control group (selection of conventional therapeutic drugs), and duration of treatment (T ≤ 12 weeks, T > 12 weeks). Sensitivity analysis was performed using the leave-one-out method to ensure the robustness of the results. We sequentially excluded each study from the meta-analysis to evaluate its impact on the overall effect size and heterogeneity.
To assess the certainty of evidence. We used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) to grade the quality of evidence. We considered five aspects to determine whether to downgrade the evidence level: risk of bias (moderate risk downgrades by one level, high risk downgrades by two levels), inconsistency, indirectness, imprecision, and publication bias. Based on these assessments, the quality of evidence was categorized into four levels: high, moderate, low, and very low (Balshem et al., 2011). This work was independently conducted by two authors (Wang Jing and Tianying Chang) using GRADE profiler (GRADEpro, version3.6). If disagreements arise during the process, resolution could be achieved through discussion or consultation with a third author (Hongguang Jin).
3 RESULTS
3.1 Literature screening results
A total of 106 records were identified through a preliminary search in eight electronic databases. Then, we applied EndNoteX9 document management software to remove 40 duplicate records, and 66 records remained. After we had read the titles and abstracts, 53 papers were excluded for the following different reasons: ineligible studies (n = 48), conference papers (n = 2), dissertations (n = 2), and animal experiments (n = 1). The full-text of the 13 RCTs was further reviewed, of which 9 studies met the inclusion criteria, unclear diagnosis (n = 2), and non-RCTs (n = 2) were excluded. In the end, the meta-analysis included nine RCTs (Xie et al., 2023; Guan et al., 2023; Wang et al., 2021; Qian et al., 2021; Wang, 2018; Shi, 2014; Yu, 2013; Guo, 2012; Han et al., 2011). The study screening flow chart is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Study screening flow chart.
3.2 Characteristics of included studies
The included nine RCTs, with a total of 952 patients with HF (480 in the PQS intervention group and 472 in the control group, comprising 398 females and 554 males). The ages of the patients ranged from 42 to 83 years old. The duration of treatment ranged from 16 days to 24 weeks. All of these RCTs were conducted in China and published in Chinese between 2011 and 2023. All intervention groups in the studies were administered PQS preparations (Xinyue Capsule) combined with routine anti-HF drug treatments (Xie et al., 2023; Guan et al., 2023; Wang et al., 2021; Qian et al., 2021; Wang, 2018; Shi, 2014; Yu, 2013; Guo, 2012; Han et al., 2011). In these RCTs, five studies (Xie et al., 2023; Wang et al., 2021; Qian et al., 2021; Shi, 2014; Han et al., 2011) reported the classification of NYHA heart function (NYHA classⅡ: 176 patients; NYHA class Ⅲ: 268 patients; NYHA class Ⅳ: 116 patients), and four studies (Qian et al., 2021; Yu, 2013; Guo, 2012; Han et al., 2011) mentioned that the course of HF ranged from four to 9 years. Additionally, one study (Xie et al., 2023) investigated specifically adverse events (intervention group: Two patients of dry cough, three patients of gastrointestinal reactions, two patients of hypokalemia; one patient of low blood pressure; control group: three patients of dry cough; one patient of gastrointestinal reactions, one patient of hypokalemia; four patients of low blood pressure), three studies (Qian et al., 2021; Guo, 2012; Han et al., 2011) had no adverse reactions during the course of treatment. The specific characteristics are shown in Table 1.
TABLE 1 | Characteristics of included studies.
[image: Table 1]3.3 Assessment of risk of bias
The risk assessment was independently conducted by two researchers, followed by a double-check. The bias risk of the included studies is presented in Figures 2, 3. Of the nine included RCTs, one study (Yu, 2013) was deemed to have a high RoB, while eight studies (Xie et al., 2023; Guan et al., 2023; Wang et al., 2021; Qian et al., 2021; Wang, 2018; Shi, 2014; Guo, 2012; Han et al., 2011) raised some concerns regarding the overall RoB assessment. The trial with a high RoB only mentioned randomization without providing detailed information, and it did not utilize clearly defined, objective outcome measures. We found that the third domain (Measurement of the outcome) assessing all nine trials was at low risk. However, there were some concerns identified in the assessment of the second domain (Deviations from intended interventions), primarily due to the lack of detailed mention of the use of blinding in the text. Overall, we consider the risk of bias in the nine studies to be low, as there were no significant differences observed in outcome measurements between groups and all study data were complete.
[image: Figure 2]FIGURE 2 | Risk of bias summary.
[image: Figure 3]FIGURE 3 | Risk of bias graph.
3.4 Efficacy analyses of PQS for heart failure
3.4.1 Primary outcomes
3.4.1.1 Left ventricular ejection fractions (LVEF)
LVEF is a measure of the systolic function of the heart (Baman and Ahmad, 2020). It was reported by eight studies. Random-effects models were used to analyze pooled data (n = 888, MD = 6.23, 95% CI [4.35, 8.12], P < 0.00001) for significant heterogeneous distribution (P < 0.00001, I2 = 83%). Meta-analysis showed that PQS combined with routine anti-HF drug treatments improved LVEF more than routine anti-HF drug treatment. We divided into two groups for subgroup analysis according to different treatment durations (≤12 weeks and >12 weeks). Both subgroups improved LVEF. Meta-analysis under the random-effects model showed that the LVEF was significantly higher than that of the control group (Figure 4).
[image: Figure 4]FIGURE 4 | Meta-analysis of the effects of PQS on LVEF.
3.4.1.2 BNP/NT-pro-BNP
In five studies, BNP or NT-pro-BNP was evaluated. The results showed significant heterogeneity among these studies (P < 0.00001, I2 = 99%). The results of meta-analysis under a random-effects model showed that BNP or NT-pro-BNP was lower in the PQS groups (n = 612, MD = −187.94, 95% CI [−267.20, −108.67], P < 0.00001) (Figure 5A).
[image: Figure 5]FIGURE 5 | Effects of PQS on (A) BNP/NT-pro-BNP, (B) 6-min walk test distance (6MWTD).
3.4.1.3 6-min walk test distance (6MWTD)
6MWTD (measurement unit: meter) was evaluated in three studies. The meta-analysis under a random-effects model showed no significant heterogeneity (P = 0.49, I2 = 0%). The intervention group demonstrated a significant increase in 6MWTD compared to the control group (n = 272, MD = 25.26, 95% CI [8.23, 42.30], P = 0.004). This suggests that PQS therapy may improve exercise tolerance in HF patients (Figure 5B).
3.4.2 Secondary outcomes
3.4.2.1 LVEDV
LVEDV was reported in three studies. Random-effects models were used to analyze data (MD = −22.83, 95% CI [−42.79, −2.87], P = 0.02) for significant heterogeneity (P = 0.0003, I2 = 88%). Meta-analysis showed that PQS preparation was more significant in reducing LVEDV (Figure 6A).
[image: Figure 6]FIGURE 6 | Meta-analysis of the effects of PQS on (A) LVEDV, (B) LVEDD, (C) LVESV.
3.4.2.2 LVEDD
LVEDD (measurement unit: millimeter) was reported in three studies. The meta-analysis under a random-effects model showed no significant heterogeneity (P = 0.35, I2 = 6%). The PQS group exhibited a significant reduction in LVEDD compared to the control group (n = 390, MD = −4.76, 95% CI [−5.77, −3.74], P < 0.00001), indicating improved cardiac remodeling (Figure 6B).
3.4.2.3 LVESV
LVESV (measurement unit: milliliter) was reported in two studies. The meta-analysis under a random-effects model showed no significant heterogeneity (P = 0.71, I2 = 0%). The PQS group demonstrated a significant reduction in LVESV compared to the control group (n = 196, MD = −11.86, 95% CI [−19.89, −3.83], P = 0.004), further supporting the beneficial effects of PQS on cardiac function (Figure 6C).
3.4.2.4 Adverse events
Among the nine included studies, only one (Guan et al., 2023) provided detailed information on adverse events, three mentioned that no adverse events occurred, and the remaining studies did not report on adverse events. The observed adverse events included dry cough, gastrointestinal reactions, hypokalemia, and hypotension. A total of eight patients occurred adverse events in the intervention group (two patients with dry cough, three patients with gastrointestinal reactions, two patients of hypokalemia; one patient with hypotension), and their overall incidence of adverse events was 20%, but a total of nine patients occurred in the control group (three patients of dry cough; one patient of gastrointestinal reactions, one patient of hypokalemia; four patients of low blood pressure), for an overall adverse event rate of 22.5%. However, the study did not report the severity of adverse events in detail. The adverse events are in detail in Table 1.
3.5 Sensitivity analysis
In our meta-analysis, significant heterogeneity was found in the comparisons of LVEF, BNP/NT-proBNP, and LVEDV. However, due to the limited number of included studies, we only conducted a series of sensitivity tests on those with more than five studies to ensure the robustness of our findings. The leave-one-out analysis showed that the heterogeneity of BNP/NT-pro-BNP remained unchanged regardless of which study was excluded (P < 0.00001, I2 = 99%) and the direction of the overall effect for BNP/NT-pro-BNP remained consistent, indicating that no single study had a disproportionate influence on the results. For LVEF, excluding one study (Shi, 2014) reduced heterogeneity (I2 from 83% to 67%) but did not significantly alter the overall effect size. Thus, the results of this analysis strengthen the robustness of our conclusions.
3.6 Publication bias
As the number of included studies was too insufficient with no more than 10, the assessment of publication bias may be imprecise and meaningless. Therefore, we did not assess overall publication bias.
3.7 GRADE rating
GRADEpro was used to assess these outcomes’ evidence certainty. The certainty of LVEDD was moderate, while the certainty of LVEF, BNP/NT-proBNP, 6MWTD, and LVESV were low. Additionally, the certainty of evidence was very low for LVEDV. The GRADE assessment of the evidence for outcomes are shown in Table 2.
TABLE 2 | Quality of evidence.
[image: Table 2]4 DISCUSSION
PQ is a perennial herbaceous plant belonging to the Araliaceae family. PQS are its primary active constituents, and research suggests that PQS may be beneficial for cardiovascular diseases, with its protective effects mainly attributed to its antioxidant properties (Lu et al., 2023). Furthermore, previous studies have indicated that PQS can reduce the adverse effects of cardiac damage induced by anti-cancer drug (cisplatin) (Xing et al., 2019) and also provide protection against cisplatin-induced acute kidney injury (Ma et al., 2017). The stems and leaves of American ginseng can be harvested from September to October each year, and PQS extracted from these stems and leaves has the advantage of lower cost (Zhang et al., 2022). Currently, in China, the only Chinese Proprietary Medicine approved for marketing containing PQS is Xinyue Capsules. Therefore, we conducted a comprehensive evaluation of the efficacy and safety of PQS preparations for HF using systematic review and meta-analysis methods.
4.1 Summary of evidence
This study identified a total of nine RCTs, encompassing 952 HF patients, to evaluate the efficacy and safety of PQS for HF. Significant differences in clinical efficacy were observed across all PQS groups, with improvements noted in patients’ cardiac function. Meta-analysis results from eight RCTs indicated that PQS for HF led to enhanced cardiac function and improved clinical symptoms and signs, with statistically significant differences (P < 0.05).
The systematic review showed that compared to conventional therapy alone, the combination of PQS and conventional treatment significantly improved LVEF, 6MWTD and reduced BNP/NT-pro-BNP, LVEDV, LVEDD, and LVESV with HF patients. Utilizing the GRADEpro, we assessed the quality of evidence for these outcomes, with four outcome measures rated as low, one as moderate, and another as very low. The findings of this review suggested that PQS combined with conventional therapy not only improves cardiac function and reduces cardiac load but also enhances exercise tolerance and elevates the quality of life among patients, demonstrating superior efficacy over conventional therapy. However, heterogeneity was detected in the examination of LVEF, BNP/NT-pro-BNP, LVEDV, and LVEDD outcomes. Consequently, we conducted subgroup analyses solely on LVEF, focusing on studies with larger sample sizes, based on treatment duration. The subgroup analysis revealed non-significant heterogeneity for treatments lasting less than 12 weeks but significant heterogeneity within subgroups exceeding 12 weeks. Additionally, potential sources of heterogeneity, such as small sample sizes, variations in age, gender, duration of disease, and the presence of comorbidities, could introduce bias and compromise the reliability of the results.
Only one trial compared the incidence rates of adverse reactions between two groups. Although the incidence rate of adverse reactions in the PQS treatment group was slightly lower than that in the control group, the difference was not statistically significant. The study also provided specific clinical manifestations of adverse events, with dry cough, gastrointestinal reactions, hypokalemia, and hypotension being common adverse reactions. However, since both the intervention group and the control group received conventional drug therapy, which included diuretics and RASI (ARB/ACEI), these drugs themselves may lead to similar adverse reactions such as hypotension and hypokalemia. Therefore, it is difficult to determine whether these adverse events were solely caused by PQS or side effects of other conventional medications. Additionally, three trials did not observe any adverse reactions or side effects. Hence, the safety of PQS for HF is currently difficult to ascertain.
4.2 Limitations
Our study results consistently demonstrated that adding PQS preparations to conventional anti-HF medications significantly improved clinical efficacy, enhanced cardiac function, and thus improved the quality of life of patients, with no apparent adverse effects. However, this review has the following several limitations. Firstly, due to the inclusion of a limited number of trials, and the generally poor methodological quality of most, along with heterogeneity in some outcome measures, the persuasive power of the meta-analysis results may be somewhat limited. Secondly, all intervention groups received PQS in combination with conventional medication. Thus, it remains unclear whether the efficacy of PQS was influenced by interactions with conventional drugs. Thirdly, although all included studies were RCTs, the GRADE assessment revealed that the quality of evidence for some outcomes was low or very low. This was primarily due to the following reasons: due to some studies (Han et al., 2011; Guo, 2012; Shi, 2014; Wang, 2018) lacked specific descriptions regarding the generation of random sequences, concealment of randomization, blinding procedures, etc. These problems increase the risk of bias and reduce the reliability of the study results. In addition, significant heterogeneity was observed in LVEF, BNP/NT-pro-BNP, and LVEDV outcomes and could not be explained by subgroup analysis. Thus, there was significant inconsistency in LVEF, BNP/NT-pro-BNP, and LVEDV outcomes. Moreover, the large SD of one study (Han et al., 2011) included in the 6MWTD, LVEDV, and LVESV analyses, as well as the small number of studies and small sample sizes used for the analyses, resulted in wide MD 95% CI. These issues contributed to the imprecision of the studies. Fourthly, all included RCTs were conducted in China with Chinese participants, making it difficult to ascertain the influence of ethnicity and region, which may limit the generalizability of the results. Fifthly, because the original RCT studies included did not provide detailed data on reported efficacy stratified by age, gender, and HF severity, it was not possible to explore differences in response to PQS in different patient groups. Furthermore, there was a lack of descriptions of adverse reactions of PQS. Hence, conclusions regarding adverse reactions remain inconclusive, necessitating further observation of its safety profile.
4.3 Suggestions for future clinical research
While our systematic review and meta-analysis results showed that PQS is safe and effective in the treatment of HF, there was a high degree of heterogeneity in some outcomes and methodological limitations inherent in the RCTs included. Therefore, its safety and efficacy should be approached with caution. In the future, we recommend conducting high-quality RCTs with large sample sizes, multicenter involvement, double-blinding, and placebo controls to confirm the efficacy and safety of PQS for HF. Additionally, it is advisable to register trial protocols before conducting clinical research and to rigorously monitor adverse reactions during the study. Researchers should also not overlook assessing the interaction effects of PQS when used in conjunction with conventional HF medications, whether beneficial or adverse, in order to make a reasonable assessment of the safety of the drug. Furthermore, since the study participants were all Chinese, international research could be pursued in the future. In addition, to address the limitations in the GRADE assessment and to improve the quality of evidence from future studies, we suggest that future clinical research should prioritize rigorous study designs, including adequate randomization, blinding, and allocation concealment, to minimize the risk of bias. At the same time, increased sample sizes are needed to improve the precision of effect estimates and enhance the statistical power of analyses. For future research, we should also prioritize the collection and reporting of subgroup data to identify which populations may benefit most from PQS therapy. Lastly, we observed that all included trials lacked long-term follow-up and did not report long-term benefits. Therefore, future research should evaluate the long-term effects of PQS preparations for HF treatment, such as HF progression, HF readmission rates, 3-year survival rates, 5-year survival rates, and mortality events. We will continue to monitor this study closely.
5 CONCLUSION
The evidence provided by this systematic review suggests that adjunctive PQS therapy for HF can improve clinical efficacy and hold potential advantages in improving cardiac function and increasing exercise tolerance. However, given the limitations inherent in this review and the results of the GRADE assessment, the conclusions of this study should be interpreted cautiously. Therefore, in clinical practice, it is recommended that physicians tailor treatment strategies according to the specific circumstances of individual patients. Furthermore, it is advised to conduct further high-quality RCTs with large sample sizes, multicenter involvement, double-blinding, placebo controls, and long-term follow-up to provide robust clinical evidence support for the efficacy and safety of PQS for HF.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
JW: Conceptualization, Data curation, Investigation, Methodology, Software, Visualization, Writing–original draft, Writing–review and editing. TC: Conceptualization, Data curation, Investigation, Methodology, Writing–original draft, Writing–review and editing. ZL: Data curation, Formal Analysis, Investigation, Writing–review and editing. YC: Data curation, Investigation, Writing–review and editing. XW: Data curation, Investigation, Writing–review and editing. LW: Data curation, Investigation, Writing–review and editing. HJ: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Chinese Medicine Evidence Based Capacity Enhancement Program (2024) of the Affiliated Hospital to Changchun University of Chinese Medicine; the Natural Science Foundation of Jilin Province (YDZJ202401067ZYTS); the Health Science and Technology Fund Project of Jilin Provincial Health Commission (2023JC044).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1463609/full#supplementary-material
REFERENCES
 Abernethy, A., Raza, S., Sun, J. L., Anstrom, K. J., Tracy, R., Steiner, J., et al. (2018). Pro-inflammatory biomarkers in stable versus acutely decompensated heart failure with preserved ejection fraction. J. Am. Heart Assoc. 7, e007385. doi:10.1161/JAHA.117.007385
 Aimo, A., Castiglione, V., Borrelli, C., Saccaro, L. F., Franzini, M., Masi, S., et al. (2020). Oxidative stress and inflammation in the evolution of heart failure: from pathophysiology to therapeutic strategies. Eur. J. Prev. Cardiol. 27, 494–510. doi:10.1177/2047487319870344
 Balshem, H., Helfand, M., SchüNEMANN, H. J., Oxman, A. D., Kunz, R., Brozek, J., et al. (2011). GRADE guidelines: 3. Rating the quality of evidence. J. Clin. Epidemiol. 64, 401–406. doi:10.1016/j.jclinepi.2010.07.015
 Baman, J. R., and Ahmad, F. S. (2020). Heart failure. Jama 324, 1015. doi:10.1001/jama.2020.13310
 Bozkurt, B., Coats, A. J. S., Tsutsui, H., Abdelhamid, C. M., Adamopoulos, S., Albert, N., et al. (2021). Universal definition and classification of heart failure: a report of the heart failure society of America, heart failure association of the European society of Cardiology, Japanese heart failure society and writing committee of the universal definition of heart failure: endorsed by the Canadian heart failure society, heart failure association of India, cardiac society of Australia and New Zealand, and Chinese heart failure association. Eur. J. Heart Fail 23, 352–380. doi:10.1002/ejhf.2115
 Chen, J., Wei, X., Zhang, Q., Wu, Y., Xia, G., Xia, H., et al. (2023). The traditional Chinese medicines treat chronic heart failure and their main bioactive constituents and mechanisms. Acta Pharm. Sin. B 13, 1919–1955. doi:10.1016/j.apsb.2023.02.005
 Chinese Society of CardiologyChinese College of Cardiovascular PhysicianChinese Heart Failure Association of Chinese Medical Doctor AssociationEditorial Board of Chinese Journal of Cardiology (2024). Chinese guidelines for the diagnosis and treatment of heart failure 2024. Chin. J. Cardiol. 52, 235–275. doi:10.3760/cma.j.cn112148-20231101-00405
 Da Dalt, L., Cabodevilla, A. G., Goldberg, I. J., and Norata, G. D. (2023). Cardiac lipid metabolism, mitochondrial function, and heart failure. Cardiovasc Res. 119, 1905–1914. doi:10.1093/cvr/cvad100
 Diseases, N. C. F. C., Health, T. W. C. O. T. R. O. C., and China, D. I. (2024). Report on cardiovascular health and diseases in China 2023: an updated summary. Chin. Circulation J. 39, 625–660. doi:10.3967/bes2024.162
 Diseases, S. P. T. F. T. G. O. C. A. O. P. C. M. F. T. T. O. D. (2022). Guidelines for the clinical use of proprietary Chinese medicines in the treatment of heart failure (2021). Chin. J. Integr. Traditional West. Med. 42, 261–275. doi:10.7661/j.cjim.20211119.225
 Fontes, M. T., Paula, S. M., Lino, C. A., Senger, N., Couto, G. K., Barreto-Chaves, M. L. M., et al. (2020). Renin-angiotensin system overactivation in perivascular adipose tissue contributes to vascular dysfunction in heart failure. Clin. Sci. (Lond) 134, 3195–3211. doi:10.1042/CS20201099
 GBD Causes of Death Collaborators (2021). Global burden of 288 causes of death and life expectancy decomposition in 204 countries and territories and 811 subnational locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet . doi:10.1016/S0140-6736(24)00367-2
 GBD Disease and Injury Incidence and Prevalence Collaborators (2017). Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study. Lancet 392, 1789–1858. doi:10.1016/S0140-6736(18)32279-7
 Guan, B. B., Guo, X. D., and Li, L. Z. (2023). Clinical study on qili qiangxin capsules combined with Xinyue capsules for chronic heart failure after percutaneous coronary intervention for coronary heart disease. New Chin. Med. 55, 86–90. doi:10.13457/j.cnki.jncm.2023.05.017
 Guo, C. R. (2012). “Observation on the clinical effect of Xinyue capsule in the treatment of coronary heart disease cardiac insufficiency of qi deficiency and blood stasis type,” in China health care and nutrition . 
 Han, Y., Chen, J. H., Li, P., and Wang, X. F. (2011). Clinical observation of Xinyue capsule for 54 cases of qi deficiency and blood stasis type of coronary artery disease and congestive heart failure. J. Chongqing Med. Univ. 36, 372–374. doi:10.13406/j.cnki.cyxb.2011.03.003
 Hartupee, J., and Mann, D. L. (2017). Neurohormonal activation in heart failure with reduced ejection fraction. Nat. Rev. Cardiol. 14, 30–38. doi:10.1038/nrcardio.2016.163
 Heidenreich, P. A., Albert, N. M., Allen, L. A., Bluemke, D. A., Butler, J., Fonarow, G. C., et al. (2013). Forecasting the impact of heart failure in the United States: a policy statement from the American Heart Association. Circ. Heart Fail 6, 606–619. doi:10.1161/HHF.0b013e318291329a
 Hinton, A., Claypool, S. M., Neikirk, K., Senoo, N., Wanjalla, C. N., Kirabo, A., et al. (2024). Mitochondrial structure and function in human heart failure. Circ. Res. 135, 372–396. doi:10.1161/CIRCRESAHA.124.323800
 Kim, M. S., Jeon, S. J., Youn, S. J., Lee, H., Park, Y. J., Kim, D. O., et al. (2019). Enhancement of minor ginsenosides contents and antioxidant capacity of American and Canadian ginsengs (panax quinquefolius) by puffing. Antioxidants (Basel) 8, 527. doi:10.3390/antiox8110527
 Kou, N., Xue, M., Yang, L., Zang, M. X., Qu, H., Wang, M. M., et al. (2018). Panax quinquefolius saponins combined with dual antiplatelet drug therapy alleviate gastric mucosal injury and thrombogenesis through the COX/PG pathway in a rat model of acute myocardial infarction. PLoS One 13, e0194082. doi:10.1371/journal.pone.0194082
 Lin, Y., Fu, S., Yao, Y., Li, Y., Zhao, Y., and Luo, L. (2021). Heart failure with preserved ejection fraction based on aging and comorbidities. J. Transl. Med. 19, 291. doi:10.1186/s12967-021-02935-x
 Liu, H. Y., Wang, W., and Ge, J. B. (2014). Research progress of Xinyue capsule for the prevention and treatment of coronary heart disease. Shanghai Med. and Pharm. J. , 1–5. 
 Liu, M., Xue, M., Wang, X. R., Tao, T. Q., Xu, F. F., Liu, X. H., et al. (2015). Panax quinquefolium saponin attenuates cardiomyocyte apoptosis induced by thapsigargin through inhibition of endoplasmic reticulum stress. J. Geriatr. Cardiol. 12, 540–546. doi:10.11909/j.issn.1671-5411.2015.05.009
 Lu, X., Liu, X., Liang, E., Yang, R., Liu, Y., Liu, X., et al. (2023). Panax quinquefolius saponin inhibits vascular smooth muscle cell calcification via activation of nuclear factor-erythroid 2-related factor 2. BMC Complement. Med. Ther. 23, 129. doi:10.1186/s12906-023-03961-6
 Ma, Z. N., Li, Y. Z., Li, W., Yan, X. T., Yang, G., Zhang, J., et al. (2017). Nephroprotective effects of saponins from leaves of panax quinquefolius against cisplatin-induced acute kidney injury. Int. J. Mol. Sci. 18, 1407. doi:10.3390/ijms18071407
 Maruyama, K., and Imanaka-Yoshida, K. (2022). The pathogenesis of cardiac fibrosis: a review of recent progress. Int. J. Mol. Sci. 23, 2617. doi:10.3390/ijms23052617
 Mcdonagh, T. A., Metra, M., Adamo, M., Gardner, R. S., Baumbach, A., BöHM, M., et al. (2021). 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 42, 3599–3726. doi:10.1093/eurheartj/ehab368
 Mcdonagh, T. A., Metra, M., Adamo, M., Gardner, R. S., Baumbach, A., BöHM, M., et al. (2022). 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: developed by the Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). With the special contribution of the Heart Failure Association (HFA) of the ESC. Eur. J. Heart Fail 24, 4–131. doi:10.1002/ejhf.2333
 Mcdonagh, T. A., Metra, M., Adamo, M., Gardner, R. S., Baumbach, A., BöHM, M., et al. (2023). 2023 Focused Update of the 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 44, 3627–3639. doi:10.1093/eurheartj/ehad195
 Murphy, S. P., Kakkar, R., Mccarthy, C. P., and Januzzi, J. L. (2020). Inflammation in heart failure: JACC state-of-the-art review. J. Am. Coll. Cardiol. 75, 1324–1340. doi:10.1016/j.jacc.2020.01.014
 Packer, M. (2018). Leptin-aldosterone-neprilysin Axis: identification of its distinctive role in the pathogenesis of the three phenotypes of heart failure in people with obesity. Circulation 137, 1614–1631. doi:10.1161/CIRCULATIONAHA.117.032474
 Page, M. J., Mckenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Bmj 372, n71. doi:10.1136/bmj.n71
 Pan, Y. T., Guo, C. Y., Ma, X. J., Wang, J. S., Liu, X., Sun, M. Y., et al. (2014). The estrogen-like protective effect of ginsenoside Rb3 on oxidative stress and dysfunction of endothelial cells induced by oxidized low-density lipoprotein. Acta Pharm. Sin. 49, 1406–1412. doi:10.16438/j.0513-4870.2014.10.003
 Paulus, W. J., and TschöPE, C. (2013). A novel paradigm for heart failure with preserved ejection fraction: comorbidities drive myocardial dysfunction and remodeling through coronary microvascular endothelial inflammation. J. Am. Coll. Cardiol. 62, 263–271. doi:10.1016/j.jacc.2013.02.092
 Qian, G. X., Huang, Q. M., and DU, H. L. (2021). Clinical efficacy observation of Xinyue capsule in the treatment of chronic heart failure. China Pract. Med. 16, 168–170. doi:10.14163/j.cnki.11-5547/r.2021.27.062
 Savarese, G., Becher, P. M., Lund, L. H., Seferovic, P., Rosano, G. M. C., and Coats, A. J. S. (2023). Global burden of heart failure: a comprehensive and updated review of epidemiology. Cardiovasc Res. 118, 3272–3287. doi:10.1093/cvr/cvac013
 Shi, X. Y. (2014). Analysis of the efficacy of Xinyue capsule in the treatment of chronic cardiac insufficiency. Nei Mongol J. Traditional Chin. Med. 33, 12–13. doi:10.16040/j.cnki.cn15-1101.2014.29.154
 Tang, X., Gan, X. T., Rajapurohitam, V., Huang, C. X., Xue, J., Lui, E. M., et al. (2016). North American ginseng (Panax quinquefolius) suppresses β-adrenergic-dependent signalling, hypertrophy, and cardiac dysfunction. Can. J. Physiol. Pharmacol. 94, 1325–1335. doi:10.1139/cjpp-2016-0337
 Wang, H. Y. (2018). Clinical study on the treatment of chronic systolic heart failure with Xinyue capsule. Chin. J. Integr. Med. Cardio-Cerebrovascular Dis. 16, 1576–1578. doi:10.12102/j.issn.1672-1349.2018.11.032
 Wang, B., Liu, Y., Shang, Q., Zhang, Q., Zhang, L., Liu, J., et al. (2015a). Interaction of panax quinquefolius saponin and dual antiplatelets on vascular endothelial function in rats with acute myocardial infarction. Biomed. Res. Int. 2015, 932751. doi:10.1155/2015/932751
 Wang, J., Zeng, L., Zhang, Y., Qi, W., Wang, Z., Tian, L., et al. (2022). Pharmacological properties, molecular mechanisms and therapeutic potential of ginsenoside Rg3 as an antioxidant and anti-inflammatory agent. Front. Pharmacol. 13, 975784. doi:10.3389/fphar.2022.975784
 Wang, L., Yu, X., Yang, X., Li, Y., Yao, Y., Lui, E. M., et al. (2015b). Structural and anti-inflammatory characterization of a novel neutral polysaccharide from North American ginseng (Panax quinquefolius). Int. J. Biol. Macromol. 74, 12–17. doi:10.1016/j.ijbiomac.2014.10.062
 Wang, W., Song, L., Yang, L., Li, C., Ma, Y., Xue, M., et al. (2023). Panax quinquefolius saponins combined with dual antiplatelet therapy enhanced platelet inhibition with alleviated gastric injury via regulating eicosanoids metabolism. BMC Complement. Med. Ther. 23, 289. doi:10.1186/s12906-023-04112-7
 Wang, X., Liu, B., Huang, L., and Li, P. (2021). Effect of Xinyue capsule on patients w ith chronic congestive heart failure. Chin. J. Med. Device 34, 8–10. 
 Wilcox, C. S., Testani, J. M., and Pitt, B. (2020). Pathophysiology of diuretic resistance and its implications for the management of chronic heart failure. Hypertension 76, 1045–1054. doi:10.1161/HYPERTENSIONAHA.120.15205
 Xie, Q. G., Wang, Q. F., Li, R. W., and Xie, D. Y. (2023). A study on “double heart” treatment of chronic heart failure patients with sacubitril valsartan combined with Xinyue capsule. Heilongjiang Med. Pharm. 46. 
 Xing, J. J., Hou, J. G., Liu, Y., Zhang, R. B., Jiang, S., Ren, S., et al. (2019). Supplementation of saponins from leaves of panax quinquefolius mitigates cisplatin-evoked cardiotoxicity via inhibiting oxidative stress-associated inflammation and apoptosis in mice. Antioxidants (Basel) 8, 347. doi:10.3390/antiox8090347
 Yu, C. (2013). Clinical analysis of Xinyue capsule in treating chronic congestive heart failure of coronary heart disease with qi deficiency and blood stasis type. For all Health 7, 62–63. 
 Zhang, B., Teng, C., Yang, X. S., Zhang, R., Wang, Y. P., and Ren, G. X. (2022). Antioxidant and whitening activities of heat-transformed American ginseng stem-leaf saponins. Mod. Food Sci. and Technol. 38, 254–263. doi:10.13982/j.mfst.1673-9078.2022.9.1285
 Zhang, L., Duan, W. H., Liu, J. G., Zhang, Q. X., and Shi, D. Z. (2019). Effect of the compatibility of panacis quinquefolii radix and peoniae radix rubra on myocardial fibrosis during prophase ventricular remodeling after acute myocardial infarction (AMI) in rats. Traditional Chin. Drug Res. Clin. Pharmacol. 30, 430–437. doi:10.19378/j.issn.1003-9783.2019.04.007
 Zhang, S., Xu, L., Dong, Z. Y., Yan, Q. L., Zhu, B. A., and Xu, J. B. (2023). Effect and mechanism of panax quinquefolius saponin on hypertensive myocardial fibrosis. Clin. J. Chin. Med. 15, 5–9. doi:10.3969/j.issn.1674-7860.2023.09.002
 Zhou, H., He, L., Xu, G., and Chen, L. (2020). Mitophagy in cardiovascular disease. Clin. Chim. Acta 507, 210–218. doi:10.1016/j.cca.2020.04.033
 Ziaeian, B., and Fonarow, G. C. (2016). Epidemiology and aetiology of heart failure. Nat. Rev. Cardiol. 13, 368–378. doi:10.1038/nrcardio.2016.25
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Wang, Chang, Liang, Cui, Wang, Wang and Jin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1463609-g005.gif
T
e s ]

s [T -
nr-'z:'::‘.:;";.;;""“""“ wd5h e e






OPS/images/fphar-16-1463609-g006.gif
Ghu nman manie
R SRR REEIN NN SRR
rowoman - - -
R N
c
e i R N g
i W ONENAN B SR MRS
Tasoncy - o7 s st 00 -

e ot

]

o s o o

o T 0 13 50T,
B e bt e pbir V-

T I





OPS/images/fphar-16-1463609-g003.gif





OPS/images/fphar-16-1463609-g004.gif
Smen 6 esnw 6 e sepmne
ante LGN 5 oan mErid
i s man em f e Smarn

D i mawen 7oe Jehim
P ER
e300 e
< doom
S pn e v © sxpassn
e bt K i
S G B Rain L ST e
P T R s
Sk - " peitrti]
o S e 110000 -
Tasoma w o s

ot ot e 2148 0O

O





OPS/images/fphar-16-1463609-t001.jpg
Sampl
size

le

Male/
Female

Classification
of NYHA
heart
function
(V)

T

c

Course of
disease
(years)

Intervention(s)

Treatment
duration

Outcomes

Adverse events

Guinetsl | 40 | 40 | @35s | 61+ | 25 | 28 | NA NA | NA | NA | CGTs Spironolactone ablets 20mg qd + | 6 months | LVEF, NT-proBNP, | T: Two patients of dry cough,
(203) s | BsL 1512 QLOXC1.2¢ | Benalaprl hydrochloride tablts 6MWTD, LVESD, three patients of
d+XYC | 5 mgad + Metoproll tatrate LVEDD gastrointestinal reactons, two.
06gtd | tblets 25 mgbid patients of hypokalemia; one
patient of hypotension
C: Three patents of dry
cough; one patient of
sustrointstinal reactions one
patient of hypokalemia; four
patients of hypotens
Xeeal | 75 | 75 | @52@ | 6347% | 41/ | 39/ | 12467 | 104520 | NA | NA | CGT+XYC | RT + Sacubitrl valsaran sodium 8 weeks LVEE, NT-proBNP, Not reported
(2023) 325 | s | M 6 06gud | wblets LVEDV, LVEDD,
MLHFQ
Wangetal | 80 | 80 | 6847+ | 6902+ | 45/ | 47/ | 322721 | 342818 | NA | NA | RT+XYC | RT (such as Benazepri, ks LVEF, BNP, Not reported
(2021) 25 | 20 3B 06gtd | Furosemide, Spironolactone, LVEDD, SV, CO,
Tsosorbide mononitrate, ADH, SF.36
digoxin, etc)
Qunetal. | 43 | 43| 637% | 655: |28 26 | M2 | 16234 | 75  79% RT+XYC | RT 2 weeks LVEE, BNP, No occurred
(0) s | s | s |1 16 18 osgid MWTD.
Wag 65 | 71| @5: | 613 | 39 4/ NA NA | NA | NA |RT+XYC | RT 24 weeks LVEE, BNP. Not reported
(2018) 109 95 |6 | 06 gtid
SiQOM) | 40 | 40 | 665+ | @8+ | 22 20/ | 161311 171013 NA | NA | RT+XYC | RT 3 months LVEE Not reported
102 o1 | s 6 06 gtid
Ya@o13) | 38 | 26 | 231 S1s24 | 20 15 | NA NA | 65+ | 642 RT4XIC | RT ks NA Not reported
7| n 25 12 | osgud
Guo@o) 45 | 45 | s1 | 53 | 23 29 NA NA | 43 | 41 | CGT+XYC | Digoxin 025 mgad + 19527days | LVEF, LVEDV, No occurred
EREY 06gtd | Hydrochlorothiazide 50 mg qd + LVESV
Betalok 625 mg bid +
Spironolactone 20 mg qd
Hineal | S| 22 | 6l7% | 612& | 3 | 29/ | 1LDYS | 13245 | 66+ | 62+ |RT+XYC | RT ks LVEF, LVEDV, No occurred
o) w2 | s | a2 15| 15 osgid LVESV, 6MWTD.

T intervention group: C, contol group: CGT, Contol group tratment; QLQXC, Qligangein Capsule: XYC, Xinyue Capsul; RT, Routine Treatment; ad, once daly;bidtwic daly; i, thre times dily; NA, Data Mising; LVEF, kit ventricularectionfractions BNP,
Btype natioetic eptide NT-proBNP, N-terminal pro-BNP: 6MWTD, 6 walk et distance LVEDV, et ventricular end-diastlc volumes LVEDD, et ventrcular end-diasolic diamet LVESD, e ventricuarend.sysolc diamete; LVESY, et ventricular end-
systolic volume: SV, stroke volume; GO, Cardisc Output; ADH, antidiuretic hormone; SF-36, the MOS item short from health survey: MLHFQ, Minnesota Living with Heart Failure Questionnaire,






OPS/images/fphar-16-1463609-t002.jpg
Quality assessment No of patients Effect Quality  Importance

Noof  Design Risk Inconsistency Indirectness Imprecision Other LVEF Control Relative  Absolute
studies of considerations (95% CI)
bias

LVEF (Better indicated by lower values)

s Randomised | Serious Serious No serious No serious None w 6 MD 623 higher | 6600 CRITICAL
ials indirectness imprecision 3510 oW
812 higher)

BNP/NT-pro-BNP (Better indicated by lower values)

5 Randomised | Scrious Scrious No serious No serious None 303 309 ) MD 18794 lover | 8800 CRITICAL
trials indirectness imprecision 57210 Low
10867 lower)

GMWTD (Better indicated by lower values)

3 Randomised | Serious No serious No serious Serious None 137 135 MD 2526 higher | 600 CRITICAL
ials inconsisency indirectness #2310 Low
2.3 higher)

LVEDV (Better indicated by lower values)

3 Randomised | Scrious Scrious No serious Serious. None 17 7 - MD 283 lower | 8000 CRITICAL
rials indirectness (1279t | VERY LOW
287 lower)

LVEDD (Better indicated by lower values)

3 Randomised | Serious No serious No serious No serious None 195 195 MD 476 lower | 8550 CRITICAL
ials inconsisency indirectness imprecision (57710 MODERATE
374 lower)

LVESV (Better indicated by lower values)

2 Randomised | Serious No serous No serious Serious. None % 7 : MD 1186 lower | 8800 CRITICAL
ks inconsistency indirectness 198910 Low
383 lower)






OPS/xhtml/nav.xhtml
Contents

		Cover

		The efficacy and safety of panax quinquefolius saponin for heart failure: a systematic review and meta-analysis		Background

		Objective

		Methods

		Results

		Conclusion

		Systematic Review registration

		1 Introduction

		2 Methods		2.1 Search strategies

		2.2 Study selection and eligibility criteria

		2.3 Data extraction

		2.4 Assessment of risk of bias

		2.5 Statistical analysis and synthesis





		3 Results		3.1 Literature screening results

		3.2 Characteristics of included studies

		3.3 Assessment of risk of bias

		3.4 Efficacy analyses of PQS for heart failure

		3.5 Sensitivity analysis

		3.6 Publication bias

		3.7 GRADE rating





		4 Discussion		4.1 Summary of evidence

		4.2 Limitations

		4.3 Suggestions for future clinical research





		5 Conclusion

		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

The efficacy and safety of panax
quinquefolius saponin for heart

failure: a systematic review and
meta-analysis





OPS/images/fphar-16-1463609-g001.gif
s} ey

Reparts soughfor e Repors s etieed

bty e

Reponsasessed orsighity Rorlnetados

iyaty Hean tarevas ot
ceintnel agosed (02
NonCT sudes (ne2)

Fer——

05

Rt of ncluded stuses
n=9)






OPS/images/fphar-16-1463609-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





