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Background: Left ventricular remodeling (LVR) is a key factor leading to the onset and progression of heart failure with reduced ejection fraction (HFrEF). Improving LVR can delay the progression of HFrEF and improve quality of life.
Objective: To evaluate the improvement effect of Astragalus membranaceus (A. membranaceus) on LVR in patients with HFrEF.
Method: We retrieved randomized controlled trials (RCTs) of A. membranaceus in treating HFrEF from eight Chinese and English databases, up until 31 October 2023. To assess the quality of the literature, we utilized the bias risk tool from the Cochrane Handbook. For meta-analysis, we employed Review Manager 5.4.1 software. Additionally, we performed sensitivity analysis and publication bias assessment using Stata 17.0 software.
Result: Totally 1,565 patients were included in 19 RCTs. Compared to conventional treatment (CT), the combination therapy of A. membranaceus with CT demonstrated significant improvements in LVR, specifically increasing left ventricular ejection fraction (LVEF, MD = 5.82, 95% CI: 4.61 to 7.03, p < 0.00001), decreasing left ventricular end-diastolic diameter (LVEDD, MD = −4.05, 95% CI: −6.09 to −2.01, p = 0.0001), and left ventricular end-systolic diameter (LVESD, MD = −12.24, 95% CI: −15.24 to −9.24, p < 0.00001). The combination therapy of A. membranaceus with CT also improved clinical efficacy (RR = 4.81, 95% CI: 3.31 to 7.00, p < 0.00001), reduced brain natriuretic peptide (BNP, MD = −113.57, 95% CI: −146.91 to −81.22, p < 0.00001) level, and increased 6-min walking distance (6-MWD, MD = 67.62, 95% CI: 41.63 to 93.60, p < 0.00001). In addition, the combination therapy of A. membranaceus with CT mitigated inflammatory responses by reducing tumor necrosis factor-alpha (TNF-α, MD = −16.83, 95% CI: −22.96 to −10.71, p < 0.00001), interleukin-6 (IL-6, MD = −29.19, 95% CI: −36.08 to −22.30, p < 0.00001), and high-sensitivity C-reactive protein (hs-CRP, MD = −0.98, 95% CI: −1.43 to −0.52, p < 0.0001). Notably, the combination therapy of A. membranaceus with CT did not increase the incidence of adverse reactions (RR = 0.86, 95% CI: 0.25 to 2.96, p = 0.81).
Conclusion: This systematic review and meta-analysis revealed that the combination therapy of A. membranaceus with CT has more advantages than CT alone in improving LVR and clinical efficacy in HFrEF patients, without increasing the incidence of adverse reactions. However, due to the limited quality of included studies, more high-quality investigations are required to provide reliable evidence for clinical use.
Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=397571, Identifier: CRD42023397571.
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1 INTRODUCTION
Heart failure (HF) is a major public health concern worldwide, with a high incidence and mortality rate (Roger, 2021). Reduced left ventricular ejection fraction (LVEF) is responsible for approximately 50% of HF cases, which are classified as heart failure with reduced ejection fraction (HFrEF) (Lavalle et al., 2023). HFrEF is typically characterized by a baseline LVEF ≤40% and pathological ventricular dilation, known as left ventricular remodeling (LVR) (Bloom et al., 2017). This remodeling process refers to the structural and functional changes in the left ventricle following a myocardial infarction or chronic pressure overload (Aimo et al., 2019). These changes include ventricular size, shape, and muscle structure alterations, leading to diastolic and systolic dysfunction. Over time, these transformations can result in progressive HF, significantly contributing to morbidity and mortality in HF patients (Stencel et al., 2023). Recent studies have shown that interventions targeting LVR can have a significant impact on clinical outcomes in HFrEF (Biering-Sørensen et al., 2020; Lee et al., 2021). Several drugs, such as angiotensin-converting enzyme inhibitor (ACEI), angiotensin II receptor blocker (ARB), and beta-blocker, have been demonstrated to slow down or even reverse LVR to some extent (Xie et al., 2023; Álvarez-Zaballos and Martínez-Sellés, 2023). However, their efficacy is often limited by side effects and the inability to fully restore ventricular function. As a result, there is a continuous need for novel therapeutic agents that can more effectively prevent and treat LVR in HFrEF.
Astragalus membranaceus (A. membranaceus), a versatile Chinese herbal medicine with both medicinal and edible properties, is a popular therapeutic option for addressing cardiovascular diseases, including HF (Wang et al., 2023). A. membranaceus granules and A. membranaceus injection are derived from A. membranaceus and contain a range of effective active ingredients, including flavonoids, saponins, polysaccharides, as well as amino acids and trace elements (Zhu et al., 2022). Numerous basic and clinical research studies have uncovered the potential benefits of A. membranaceus in preventing and reversing LVR, as well as enhancing cardiac function and clinical outcomes in HFrEF patients (Dai et al., 2023; Ren et al., 2023). The potential mechanisms behind A. membranaceus’s actions include improving cardiac function, antioxidant properties, anti-inflammatory effects, anti-fibrotic properties, and reducing ventricular remodeling (Wang et al., 2023). Yang et al. (2013) found that Astragaloside IV, the main component of A. membranaceus, can inhibit the TLR4/NF -κ B signaling pathway, thereby reducing the inflammatory response and improving ISO-induced myocardial hypertrophy and fibrosis. Similarly, Ma et al. (2011) reported that A. membranaceus extract has the potential to increase blood lipid levels, inhibit lipid peroxidation, enhance antioxidant enzyme activity, and reduce the risk of hyperlipidemia and oxidative stress-related coronary heart disease. While most published studies have consistently demonstrated the efficacy of A. membranaceus when combined with conventional therapy for HFrEF, there is still a need for evidence-based medicine to validate its effectiveness in improving LVR. Thus, we performed a meta-analysis to quantify the overall impact of A. membranaceus on LVR and clinical efficacy.
2 METHODS
2.1 Study registration
The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) guidelines were followed in conducting this study (Hutton et al., 2015). The study protocol was registered with PROSPERO (registration number: CRD42023397571), ensuring full disclosure and transparency in our research process.
2.2 Database and search strategy
This study systematically searched multiple databases, including PubMed, Embase, Cochrane Library, Web of Science, China Knowledge Infrastructure Database (CNKI), Wanfang Data, China Biomedical Database (CBM), and China Science and Technology Journal Database (VIP), from their establishment to 31 October 2023. To ensure comprehensive coverage, we also manually searched the reference lists of published literature. In terms of search strategies, we used “title/keywords” searches such as “Astragalus membranaceus”, “radix astragali”, “huang qi”, “heart failure”, and “left ventricular remodeling”. Our search included various forms of A. membranaceus preparations, including granules, injections, boiled soup, and extracts. To increase search accuracy, we employed Boolean logical operators (e.g., AND, OR) for strategic combinations. As people in China use Chinese characters to search for entries in electronic databases, we adapted our search methods accordingly. Throughout the search process, we adhered to the PRISMA guidelines to ensure the retrieval of comprehensive and accurate studies.
2.3 Inclusion criteria
The inclusion criteria for our study were carefully constructed using the PICOS approach, which considers study design, participants, interventions, comparators, and outcomes (Hutton et al., 2015). The specific inclusion criteria were as follows:
1) Study design: Randomized controlled trials (RCTs), published in English or Chinese, were selected, with a primary focus on original research.
2) Participants: Patients were diagnosed with HF, aged 18 years or older, and possessing a LVEF ≤40%.
3) Interventions: A. membranaceus administered orally or intravenously as a single treatment, or in combination with standard HF conventional treatment.
4) Comparators: Comparators were placebo or standard HF conventional treatment.
5) Outcomes: Primary outcomes concentrated on LVR, encompassing LVEF, LVEDD, and LVESD. Secondary outcomes encompassed clinical efficacy, BNP level, 6-MWD, and pro-inflammatory cytokines (TNF-α, IL-6, hs-CRP).
2.4 Exclusion criteria
The following criteria were implemented to exclude studies:
1) Study design: Non-randomized studies, case reports, reviews, cell or animal studies.
2) Participants: Patients with unstable HF, those aged below 18 years, or with a LVEF >40%.
3) Interventions: Studies involving A. membranaceus administration via routes other than oral or intravenous infusion.
4) Comparators: Studies using unconventional comparators, such as non-placebo control groups or unproven alternative therapies.
5) Outcomes: Studies with incomplete or inconsistent outcomes, such as those focusing on non-LVR parameters or including non-validated clinical efficacy assessments.
6) Duplicate publications: Studies that were previously published (only the most comprehensive data should be selected) or were currently under review elsewhere.
7) Unavailable full text: Studies whose full text could not be accessed online or via email.
2.5 Study selection and data extraction
All identified studies were managed using Endnote 20.5 software, after which duplicates were eliminated. Two reviewers (XH and TY) independently examined titles and abstracts to eliminate the irrelevant studies. Full-text versions of these studies were then downloaded and reviewed to identify potentially eligible studies. Once the eligible studies were identified, two reviewers (XH and TY) independently extracted data from each included study. The extracted information included details such as the first author, publication year, mean age, sex, sample size, interventions, treatment duration, and outcome indicators. Any disagreements during the data extraction process were resolved through discussion and consensus, ensuring accuracy and consistency.
2.6 Quality assessment
According to the Cochrane Handbook (Cumpston et al., 2019), two reviewers (XC and ZD) conducted an independent quality assessment for the included studies. They evaluated seven crucial items: random sequence generation, allocation concealment, participant and personnel blinding, outcome assessment blinding, incomplete outcome data, selective reporting, and other potential biases. Each item was meticulously categorized as low, unclear, or high risk of bias. The “risk of bias” summary and corresponding graph offered a comprehensive overview. Disagreements were resolved via the involvement of a third author (JX), ensuring a balanced and unbiased evaluation.
2.7 Data analysis
Revman version 5.4.1 software was employed for conducting meta-analysis. Relative risk (RR) for dichotomous variables and mean difference (MD) for continuous variables were selected as the measures of effect size, accompanied by a 95% confidence interval (CI) for interval estimation. When the heterogeneity between studies was minimal (p ≥ 0.1, I2 ≤ 50%), a fixed effects model was chosen for analysis. If feasible, a subgroup analysis was conducted based on different administration methods or treatment duration to further explore the underlying factors that might influence the results. Sensitivity analysis and publication bias assessment were performed using Stata 17.0 software.
3 RESULTS
3.1 Literature screening
We conducted a systematic search of the database and retrieved 5,261 potentially relevant original studies, including PubMed (n = 62), Embase (n = 56), Cochrane library (n = 29), Web of Science (n = 48), CNKI (n = 1,499), Wanfang Data (n = 1,501), VIP (n = 644), and CBM (n = 1,422). Of these, 3,570 duplicate studies were excluded using Endnote 20.5 software. Following this, 1,572 studies were deleted after reviewing their titles and abstracts. After reading 119 studies in full, 100 were further excluded. Eventually, a total of 19 original studies (Wu and Chen, 2005; Zhang et al., 2005; Feng and He, 2008; Meng and Ma, 2008; Liu, 2010; Wang et al., 2010; Yang et al., 2010; Zhang and Li, 2014; Huang et al., 2016; Shen et al., 2016; Zhong et al., 2016; Zhu et al., 2016; Chen et al., 2018; Wei, 2018; Gan, 2019; Lv et al., 2019; Xian, 2019; Yang and Tu, 2019; Yuan et al., 2019) were included in the analysis. The study selection is visually represented in Figure 1.
[image: Figure 1]FIGURE 1 | The PRISMA study flowchart of study search.
3.2 Study characteristics
Table 1 presents the key characteristics of the 19 included studies. All these studies were conducted in China and published between 2005 and 2019. A total of 1,565 patients (856 males and 697 females) were enrolled, with sample sizes ranging from 23 to 78. The treatment period varied between 2 weeks and 1 month. The control group received conventional treatment (CT) for HFrEF as recommended in HF treatment guidelines, which included ACEI, ARB, β-receptor blockers, diuretics, spironolactones, and drugs that enhance myocardial metabolism. The treatment group received A. membranaceus in combination with CT. The following outcomes were reported across the included studies: LVEF (Wu and Chen, 2005; Zhang et al., 2005; Feng and He, 2008; Meng and Ma, 2008; Liu, 2010; Wang et al., 2010; Yang et al., 2010; Zhang and Li, 2014; Huang et al., 2016; Zhong et al., 2016; Zhu et al., 2016; Chen et al., 2018; Wei, 2018; Gan, 2019; Lv et al., 2019; Xian, 2019; Yang and Tu, 2019; Yuan et al., 2019), LVEDD (Huang et al., 2016; Zhu et al., 2016; Wei, 2018; Xian, 2019; Yang and Tu, 2019), LVESD (Huang et al., 2016; Zhu et al., 2016; Wei, 2018; Xian, 2019; Yang and Tu, 2019), clinical efficacy (Wu and Chen, 2005; Feng and He, 2008; Meng and Ma, 2008; Liu, 2010; Wang et al., 2010; Zhang and Li, 2014; Zhu et al., 2016; Chen et al., 2018; Wei, 2018; Gan, 2019; Lv et al., 2019; Xian, 2019; Yang and Tu, 2019; Yuan et al., 2019), BNP (Wang et al., 2010; Shen et al., 2016; Zhong et al., 2016; Zhu et al., 2016; Chen et al., 2018; Gan, 2019; Lv et al., 2019; Xian, 2019; Yang and Tu, 2019; Yuan et al., 2019), 6-MWD (Meng and Ma, 2008; Yang et al., 2010; Zhong et al., 2016; Chen et al., 2018; Wei, 2018; Lv et al., 2019; Yuan et al., 2019), TNF-α (Wu and Chen, 2005; Zhang et al., 2005; Yang et al., 2010; Zhang and Li, 2014; Huang et al., 2016; Shen et al., 2016; Xian, 2019), IL-6 (Zhang et al., 2005; Zhang and Li, 2014; Huang et al., 2016; Shen et al., 2016; Lv et al., 2019), and hs-CRP levels (Huang et al., 2016; Lv et al., 2019; Xian, 2019). Of the 19 studies, 7 studies (Wu and Chen, 2005; Meng and Ma, 2008; Wang et al., 2010; Yang et al., 2010; Chen et al., 2018; Wei, 2018; Xian, 2019) reported adverse events, with 4 studies (Wang et al., 2010; Chen et al., 2018; Xian, 2019) of them reporting no adverse events.
TABLE 1 | Study characteristics.
[image: Table 1]3.3 Risk of bias assessment
All the studies included were RCTs. Eight of these studies (Zhang et al., 2005; Yang et al., 2010; Zhong et al., 2016; Chen et al., 2018; Wei, 2018; Gan, 2019; Xian, 2019; Yang and Tu, 2019) reported using appropriate randomization methods, particularly the random number table method, which was designated as low risk. However, the remaining studies (Wu and Chen, 2005; Feng and He, 2008; Meng and Ma, 2008; Liu, 2010; Wang et al., 2010; Zhang and Li, 2014; Huang et al., 2016; Shen et al., 2016; Zhu et al., 2016; Lv et al., 2019; Yuan et al., 2019) did not provide clear descriptions of their randomization procedures, resulting in them being evaluated as having unclear risks. When it came to allocation concealment and blind evaluation, none of the RCTs were explicitly mentioned as having addressed these aspects, leading to their classification as having unclear risks. Nonetheless, all the included RCTs reported no bias in selective reporting regarding incomplete outcome data, thus being evaluated as low risk in this regard. The risk of bias assessment is presented in Figure 2.
[image: Figure 2]FIGURE 2 | Bias risk assessment of included studies.
3.4 Primary outcomes
3.4.1 LVEF
Eighteen studies (Wu and Chen, 2005; Zhang et al., 2005; Feng and He, 2008; Meng and Ma, 2008; Liu, 2010; Wang et al., 2010; Yang et al., 2010; Zhang and Li, 2014; Huang et al., 2016; Zhong et al., 2016; Zhu et al., 2016; Chen et al., 2018; Wei, 2018; Gan, 2019; Lv et al., 2019; Xian, 2019; Yang and Tu, 2019; Yuan et al., 2019) evaluated LVEF with high heterogeneity between them (I2 = 82%, p < 0.00001) and were merged with a random-effects model. The combination therapy of A. membranaceus with CT significantly improved LVEF compared to CT (MD = 5.82, 95% CI: 4.61 to 7.03, p < 0.00001, Figure 3). A subgroup analysis based on different dosage forms of A. membranaceus demonstrated notable distinctions between A. membranaceus injection (MD = 5.91, 95% CI: 4.80 to 7.01, p < 0.00001, Figure 3), A. membranaceus granules (MD = 5.84, 95% CI: 2.48 to 9.19, p = 0.0007, Figure 3) and CT.
[image: Figure 3]FIGURE 3 | Forest plot for LVEF.
3.4.2 LVEDD
Five studies (Huang et al., 2016; Zhu et al., 2016; Wei, 2018; Xian, 2019; Yang and Tu, 2019) evaluated LVEDD with high heterogeneity between them (I2 = 86%, p < 0.0001) and were merged with a random-effects model. The combination therapy of A. membranaceus with CT significantly reduced LVEDD compared to CT (MD = −4.05, 95% CI: −6.09 to −2.01, p = 0.0001, Figure 4).
[image: Figure 4]FIGURE 4 | Forest plot for LVEDD.
3.4.3 LVESD
Five studies (Huang et al., 2016; Zhu et al., 2016; Wei, 2018; Xian, 2019; Yang and Tu, 2019) evaluated LVESD with high heterogeneity between them (I2 = 92%, p < 0.00001) and were merged with a random-effects model. The combination therapy of A. membranaceus with CT significantly reduced LVESD compared to CT (MD = −12.24, 95% CI: −15.24 to −9.24, p < 0.00001, Figure 5).
[image: Figure 5]FIGURE 5 | Forest plot for LVESD.
3.5 Secondary outcomes
3.5.1 Clinical efficacy
Fourteen studies (Wu and Chen, 2005; Feng and He, 2008; Meng and Ma, 2008; Liu, 2010; Wang et al., 2010; Zhang and Li, 2014; Zhu et al., 2016; Chen et al., 2018; Wei, 2018; Gan, 2019; Lv et al., 2019; Xian, 2019; Yang and Tu, 2019; Yuan et al., 2019) evaluated clinical efficacy with low heterogeneity between them (I2 = 0, p = 1.00) and were merged with a fixed-effects model. The combination therapy of A. membranaceus with CT significantly improved clinical efficacy compared to CT (RR = 4.81, 95% CI: 3.31 to 7.00, p < 0.00001, Figure 6). A subgroup analysis based on different dosage forms of A. membranaceus demonstrated notable distinctions between A. membranaceus injection (RR = 4.13, 95% CI: 2.63 to 6.50, p < 0.00001, Figure 6), A. membranaceus granules (RR = 6.59, 95% CI: 3.37 to 12.89, p < 0.00001, Figure 6) and CT.
[image: Figure 6]FIGURE 6 | Forest plot for clinical efficacy.
3.5.2 BNP
Ten studies (Wang et al., 2010; Shen et al., 2016; Zhong et al., 2016; Zhu et al., 2016; Chen et al., 2018; Gan, 2019; Lv et al., 2019; Xian, 2019; Yang and Tu, 2019; Yuan et al., 2019) evaluated BNP with high heterogeneity between them (I2 = 98%, p < 0.00001) and were merged with a random-effects model. The combination therapy of A. membranaceus with CT significantly reduced BNP compared to CT (MD = −113.57, 95% CI: −146.91 to −81.22, p < 0.00001, Figure 7). A subgroup analysis based on different dosage forms of A. membranaceus demonstrated notable distinctions between A. membranaceus injection (MD = −106.78, 95% CI: −140.95 to −72.61, p < 0.00001, Figure 7), A. membranaceus granules (MD = −129.56, 95% CI: −191.67 to −67.45, p < 0.00001, Figure 7) and CT.
[image: Figure 7]FIGURE 7 | Forest plot for BNP.
3.5.3 6-MWD
Seven studies (Meng and Ma, 2008; Yang et al., 2010; Zhong et al., 2016; Chen et al., 2018; Wei, 2018; Lv et al., 2019; Yuan et al., 2019) evaluated 6-MWD with high heterogeneity between them (I2 = 92%, p < 0.00001) and were merged with a random-effects model. The combination therapy of A. membranaceus with CT significantly reduced 6-MWD compared to CT (MD = 67.62, 95% CI: 41.63 to 93.60, p < 0.00001, Figure 8). A subgroup analysis based on different dosage forms of A. membranaceus demonstrated notable distinctions between A. membranaceus injection (MD = 57.59, 95% CI: 5.15 to 110.02, p < 0.00001, Figure 8), A. membranaceus granules (MD = 75.36, 95% CI: 57.64 to 93.08, p < 0.00001, Figure 8) and CT.
[image: Figure 8]FIGURE 8 | Forest plot for 6-MWD.
3.5.4 TNF-α
Seven studies (Zhang et al., 2005; Yang et al., 2010; Zhang and Li, 2014; Huang et al., 2016; Shen et al., 2016; Lv et al., 2019; Xian, 2019) evaluated TNF-α with high heterogeneity between them (I2 = 96%, p < 0.00001) and were merged with a random-effects model. The combination therapy of A. membranaceus with CT significantly reduced TNF-α compared to CT (MD = −16.83, 95% CI: −22.96 to −10.71, p < 0.00001, Figure 9).
[image: Figure 9]FIGURE 9 | Forest plot for TNF-α.
3.5.5 IL-6
Five studies (Zhang et al., 2005; Zhang and Li, 2014; Huang et al., 2016; Shen et al., 2016; Lv et al., 2019) evaluated IL-6 with high heterogeneity between them (I2 = 97%, p < 0.00001) and were merged with a random-effects model. The combination therapy of A. membranaceus with CT significantly reduced IL-6 compared to CT (MD = −29.19, 95% CI: −36.08 to −22.30, p < 0.00001, Figure 10).
[image: Figure 10]FIGURE 10 | Forest plot for IL-6.
3.5.6 hs-CRP
Three studies (Huang et al., 2016; Lv et al., 2019; Xian, 2019) evaluated hs-CRP with high heterogeneity between them (I2 = 80%, p = 0.06) and were merged with a random-effects model. The combination therapy of A. membranaceus with CT significantly reduced hs-CRP compared to CT (MD = −0.98, 95% CI: −1.43 to −0.52, p < 0.00001, Figure 11).
[image: Figure 11]FIGURE 11 | Forest plot for hs-CRP.
3.5.7 Adverse reactions
Seven studies (Wu and Chen, 2005; Meng and Ma, 2008; Wang et al., 2010; Yang et al., 2010; Chen et al., 2018; Wei, 2018; Xian, 2019) reported on adverse reactions. Four of these studies (Wang et al., 2010; Chen et al., 2018; Xian, 2019) did not detect any adverse reactions, while the remaining three studies (Wang et al., 2010; Chen et al., 2018; Xian, 2019) showed high heterogeneity (I2 = 66%, p = 0.05). A random-effects model analysis revealed no significant difference in adverse reactions between patients treated with A. membranaceus combination with CT and those receiving CT (RR = 0.86, 95% CI = 0.25 to 2.96, p = 0.81, Figure 12). Common adverse reactions included hypotension, sinus bradycardia, nausea, dizziness, and cough, which usually disappeared with symptom management. Notably, no participant discontinued the study drug due to adverse reactions. The details are presented in Table 2.
[image: Figure 12]FIGURE 12 | Forest plot for adverse reactions.
TABLE 2 | The incidence rate of adverse reactions.
[image: Table 2]3.6 Sensitivity analysis
Sensitivity analysis was performed by sequentially removing individual studies to assess their impact on the overall merged results. The analysis revealed that excluding any individual studies for LVEF (Figure 13A), clinical efficacy (Figure 13B), LVEDD (Figure 13C), and LVESD (Figure 13D) had no effect on the merged results. This suggests that the merged results are robust and reliable, as indicated in Figure 13.
[image: Figure 13]FIGURE 13 | The results of sensitivity analysis. (A) LVEF. (B) Clinical efficacy. (C) LVEDD. (D) LVESD.
3.7 Publication bias
The meta-analysis for LVEF, clinical efficacy, and BNP included a minimum of 10 studies. These three indicators were chosen to assess publication bias using the Egger’s test (Figure 14). The results revealed no significant publication bias for LVEF (p = 0.211), clinical efficacy (p = 0.877), or BNP (p = 0.168).
[image: Figure 14]FIGURE 14 | Egger’s publication funnel plot. (A) LVEF. (B) Clinical efficacy. (C) BNP.
4 DISCUSSION
4.1 Summary of findings
This meta-analysis analyzed 19 RCTs to investigate the effect of A. membranaceus on LVR in patients with HFrEF. The primary findings can be distilled into four key observations: (1) The combination of A. membranaceus and CT significantly improved LVR. This was exemplified by an increase in LVEF, a decrease in LVEDD and LVESD, and lower BNP level. (2) The combination therapy of A. membranaceus with CT significantly enhanced the clinical efficacy, resulting in an increase in 6-MWD. (3) The combination therapy of A. membranaceus with CT notably reduced the inflammatory response, demonstrated by decreased expression levels of TNF-α, IL-6, and hs-CRP. (4) The combination therapy of A. membranaceus with CT demonstrated a good safety, with only mild adverse events reported. These events were manageable symptomatically and had no impact on treatment outcomes.
The sensitivity analysis, conducted by sequentially deleting individual studies, confirmed that the merged results remained robust and reliable. However, the source of heterogeneity could not be pinpointed, which was possibly due to factors such as the limited inclusion of studies and sample size. To assess publication bias, an analysis using STATA 17.0 software revealed that there was no significant bias in the published studies.
4.2 Comparison with previous studies
Up to now, systematic reviews and meta-analyses published by Bo et al. and Li et al. (Bo et al., 2019; Li et al., 2019) have demonstrated that the combination of traditional Chinese medicine (TCM) containing A. membranaceus and CT can further improve clinical efficacy in treating HF compared to CT. However, there are some limitations to the published research.
Firstly, HF is classified into HFrEF and heart failure with preserved ejection fraction (HFpEF) based on ejection fraction. However, previous studies included in the meta-analysis did not classify HF based on ejection fraction, and subgroup analysis was not conducted during the meta-analysis, which may increase the risk of bias. Secondly, ventricular remodeling is a key mechanism in the onset and progression of HF (Pezel et al., 2021). Previous meta-analyses focused on evaluating the clinical efficacy and safety of TCM preparations containing A. membranaceus on HF, but did not analyze whether A. membranaceus has advantages in improving ventricular remodeling in HF. Once again, existing evidence have confirmed that chronic inflammatory response is an important factor in the progression of HF (Beydoun and Feinstein, 2022), which has not been emphasized in previous published studies.
4.3 Strengths and limitations
This study offers several strengths: (1) By focusing on HFrEF patients, this study eliminates the potential impact of disease type on results, distinguishing it from previous studies on the treatment of HF with A. membranaceus. (2) This study goes beyond previous research by evaluating the effect of A. membranaceus on LVR in HFrEF patients. It also conducts sensitivity analysis on key indicators of LVR, such as LVEF, LVEDD, and LVESD, enhancing the reliability of results. (3) Inflammation, an important pathological factor in LVR, was evaluated in this study. This component was previously unaddressed in previous studies.
However, our study is not without its limitations: 1) Some studies only mentioned the severity of HF without providing specific numbers, which could lead to potential heterogeneity. 2) The included studies did not describe random concealment and blinding, which could have resulted in selective bias. 3) Although detailed searches were conducted in both Chinese and English databases, all RCTs included were conducted in China, which could be a source of bias. 4) Only 7 of the 19 studies reported adverse reactions, so the safety of A. membranaceus intervention requires further investigation. 5) The inclusion of studies without reporting follow-up time may have led to an insufficient evaluation of the results. 6) Some of the RCTs included in this study are relatively small in scale, and larger-scale research is still needed to ensure the reliability of the results. 7) Given the moderate to high heterogeneity of our results, sensitivity analysis alone is not sufficient to draw definitive conclusions. Therefore, further research is imperative to validate and establish the reliability of our findings.
4.4 Implication
The implications for future research are as follows: Firstly, HF should be classified according to guidelines, including HFrEF and HFpEF. More high-quality RCTs should be conducted to ensure more accurate conclusions. Secondly, strongly encourage the conduct of placebo RCTs to facilitate blinding and reduce publication bias. Thirdly, the complete report of the research results should be based on the comprehensive standard report trial statement. In addition to outcome indicators, the focus should also be on reporting the course of disease, NYHA classification, comorbidities, readmission rate, and follow-up time to identify the source of heterogeneity. Fourthly, long-term follow-up is necessary, especially for endpoint events and safety outcomes. Fifthly, sodium glucose co-transporter 2 (SGLT2) inhibitors have emerged as a promising approach to improve LVR (Carluccio et al., 2023). Nevertheless, there is currently a substantial lack of research investigating the combination therapy involving A. membranaceus and SGLT2 inhibitors for HF. Future research efforts should focus on exploring the potential benefits and synergistic effects of this combination therapy.
5 CONCLUSION
Existing evidence indicates that the combination of A. membranaceus with CT has advantages in improving LVR in HFrEF patients compared to CT alone, and it is generally safer. However, given the existence of some risk factors, including the course of HF, allocation concealment, blinding, and follow-up time, future RCTs should report their results based on the CONSORT statement to minimize the risk of bias and provide more substantial evidence.
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Adverse reaction symptoms

First author (publication year)

The number of adverse

reactions

Hypotension Chen et al. (2018); Wang et al. (2010); Xian (2019) 9 7
Sinus Bradycardia Chen et al. (2018); Wang et al. (2010); Xian (2019) 6 6
Nausea Xian (2019) 2 3
Dizziness Wang et al. (2010) 3 0
Cough Wang et al. (2010) 0 4
Total reactions 20/149 20123
Incidence rate - 13.42% 16.26%






