

[image: image]





FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual articles in this ebook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers. 

The compilation of articles constituting this ebook is the property of Frontiers. 

Each article within this ebook, and the ebook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this ebook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version. 

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or ebook, as applicable. 

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with. 

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question. 

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-8325-4532-4
DOI 10.3389/978-2-8325-4532-4

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers journal series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view. By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers journals series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area.


Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers editorial office: frontiersin.org/about/contact





Prevention and treatment of cardiovascular disease with integrated traditional chinese and western medicine

Topic editors

Hongcai Shang – Beijing University of Chinese Medicine, China

Dongfeng Qu – University of Oklahoma Health Sciences Center, United States

Rong-Rong He – Jinan University, China

Yaozu Xiang – Tongji University, China

Guanwei Fan – Tianjin University of Traditional Chinese Medicine, China

Thomas Efferth – Johannes Gutenberg University Mainz, Germany

Citation

Shang, H., Qu, D., He, R.-R., Xiang, Y., Fan, G., Efferth, T., eds. (2024). Prevention and treatment of cardiovascular disease with integrated traditional chinese and western medicine. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-4532-4





Table of Contents




Efficacy of Xinbao pill on chronic heart failure: Study protocol of a multicenter, randomized, double-blind, placebo-controlled trial

Yuanping Wang, Jiahua Li, Jiaqi Yan, Yulin Wang, Yuanyuan Cheng, Zhongqiu Liu and Dawei Wang

Impaired heart rate variability in patients with arrhythmogenic cardiomyopathy: A multicenter retrospective study in China

Baowei Zhang, Chunjiang Zhou, Jinqiu Liu, Jinlin Zhang, Chenyang Jiang, Min Tang, Jiaxi Xie, Yizhang Wu, Xin Xie, Xiaorong Li, Jinbo Yu, Xuecheng Wang, Dian Cheng, Jian Zhou, Zijun Chen, Fenghua Fan, Xiujuan Zhou, Aibin Tao and Bing Yang

Role and molecular mechanism of traditional Chinese medicine in preventing cardiotoxicity associated with chemoradiotherapy

Xin-Fang Lv, Ruo-Qing Wen, Kai Liu, Xin-Ke Zhao, Chen-Liang Pan, Xiang Gao, Xue Wu, Xiao-Dong Zhi1, Chun-Zhen Ren, Qi-Lin Chen, Wei-Jie Lu, Ting-Yan Bai and Ying-Dong Li

Traditional Chinese medicine method of tonifying kidney for hypertension: Clinical evidence and molecular mechanisms

Qingqing Wang, Jianguo Lin, Cheng Li, Mingshan Lin, Qing Zhang, Xiaoxiao Zhang and Kuiwu Yao

Plasma metabolomic analysis reveals the therapeutic effects of Jiashen tablets on heart failure

Xinglong Miao, Jiaping Chen, Yangyan Su, Jiayi Luo, Yi He, Jiang Ma and Xin He

Traditional Baduanjin exercise through the eyes of patients with chronic heart failure: A qualitative content analysis study

Xiankun Chen, Wei Jiang, Mariano Salazar, Huiying Zhu, Zehuai Wen, Xixi Chen and Cecilia Stålsby Lundborg

Effectiveness and safety of selected traditional Chinese medicine injections in patients with combined diabetes mellitus and coronary heart disease: A systematic review and network meta-analysis of randomized clinical trials

Hailiang Shen, Ping Zhou, Luyao Shen, Chenhao Ju, Haixia Du and Xianguo Qu

Qili Qiangxin capsules for chronic heart failure: A GRADE-assessed clinical evidence and preclinical mechanism

Xiaoxiao Xing, Jianbo Guo, Juefei Mo, Huashan Li, Hui Zhang, Baoyi Shao, Yifan Wang, Haidi Li, Jianan Wang, Cheuk Lung Leung, Yun Jiang, Weixian Yin, Haiyong Chen and Qingyong He

Xin-Li-Fang efficacy and safety for patients with chronic heart failure: A study protocol for a randomized, double-blind, and placebo-controlled trial

Tong Liu, Sijie Yao, Wei Jiang, Taohua Lan, Wenjing Xu, Haiming Cao, Ping Yao, Chao Wang, Weihui Lu and Xiankun Chen

Salvianolate injection for hypertensive nephropathy patients who were using valsartan: A systematic review and meta-analysis

Qiyao Xu, Yuehong Shen, Jianqiao Zhao and Jianping Shen

Combined analysis of plasma metabolome and intestinal microbiome sequencing to explore jiashen prescription and its potential role in changing intestine–heart axis and effect on chronic heart failure

Xialian Cui, Yangyan Su, Xiaotong Huang, Jiaping Chen, Jiang Ma, Peiran Liao and Xin He

A novel nomogram for predicting risk of malnutrition in patients with heart failure

Jian Liu, Shengjia Xu, Jiurui Wang, Jing Liu, Zeping Yan, Qian Liang and Xiaorong Luan

The efficacy and safety of Chinese herbal medicine as an add-on therapy for type 2 diabetes mellitus patients with carotid atherosclerosis: An updated meta-analysis of 27 randomized controlled trials

Zehua Zhang, Yulin Leng, Zhengtao Chen, Xiaoxu Fu, Qingzhi Liang, Xi Peng, Hongyan Xie, Hong Gao and Chunguang Xie

Comparative efficacy and pharmacological mechanism of Chinese patent medicines against anthracycline-induced cardiotoxicity: An integrated study of network meta-analysis and network pharmacology approach

Yifei Rao, Yu Wang, Zhijian Lin, Xiaomeng Zhang, Xueli Ding, Ying Yang, Zeyu Liu and Bing Zhang

Chuanxiong improves angiogenesis via the PI3K/AKT/Ras/MAPK pathway based on network pharmacology and DESI-MSI metabolomics

Xue-hao Cheng, Xue-xin Yang, He-rong Cui, Bei-bei Zhang, Ke-dian Chen, Xiao-yun Yang, Jing-yi Jiao, Ya-wen Du, Qi Zhang, Jia-xin Zheng, Wei Xie, Fei-fei Li and Hai-min Lei

Traditional Chinese medicine for heart failure with preserved ejection fraction: clinical evidence and potential mechanisms

Yujian Fan, Zhihua Yang, Lin Wang, Yangxi Liu, Yulong Song, Yu Liu, Xianliang Wang, Zhiqiang Zhao and Jingyuan Mao

Effect of tanshinone IIA for myocardial ischemia/reperfusion injury in animal model: preclinical evidence and possible mechanisms

Peng-Chong Zhu, Jiayi Shen, Ren-Yi Qian, Jian Xu, Chong Liu, Wu-Ming Hu, Ying Zhang and Ling-Chun Lv

Effect of optimized new Shengmai powder on exercise tolerance in rats with heart failure by regulating the ubiquitin-proteasome signaling pathway

Shuai Wang, Lin Wang, Shaoke Gu, Yixiao Han, Linfeng Li, Zhuangzhuang Jia, Ning Gao, Yu Liu, Shanshan Lin, Yazhu Hou, Xianliang Wang and Jingyuan Mao

Digitalization of prevention and treatment and the combination of western and Chinese medicine in management of acute heart failure

Yingxin Wang, Herong Cui, Liwen Li, Yajing Cao, Hanyun Qu, Halisi Ailina, Zhili Dou, Chuwei Tang, Wanli Qin, Chenlu Wang, Xue Yang, Shixing Feng, Yixing Liu and Dongran Han

Effect and possible mechanisms of saponins in Chinese herbal medicine exerts for the treatment of myocardial ischemia-reperfusion injury in experimental animal: a systematic review and meta-analysis

Jiahao Sun, Jiarong Fan, Fan Yang, Xin Su, Xinye Li, Li Tian, Can Liu and Yanwei Xing

Efficacy of acupuncture for hypertension in the elderly: a systematic review and meta-analysis

Tianyi Wang, Hangyu Li, Shixing Feng, Junqi Wang, Wanli Qin, Yuan Zhang, Wen Sun, Chenlu Wang, Xuanyi Cai, Dongran Han, Jialin Liu and Yixing Liu



		STUDY PROTOCOL
published: 25 October 2022
doi: 10.3389/fphar.2022.1058799


[image: image2]
Efficacy of Xinbao pill on chronic heart failure: Study protocol of a multicenter, randomized, double-blind, placebo-controlled trial
Yuanping Wang1,2†, Jiahua Li2†, Jiaqi Yan1, Yulin Wang1, Yuanyuan Cheng2*, Zhongqiu Liu2* and Dawei Wang1,3*
1Shunde Hospital of Guangzhou University of Chinese Medicine, Guangzhou University of Chinese Medicine, Guangzhou, Guangdong, China
2International Institute for Translational Chinese Medicine, Guangzhou University of Chinese Medicine, Guangzhou, Guangdong, China
3The First Clinical Medical College of Guangzhou University of Chinese Medicine, Guangzhou, Guangdong, China
Edited by:
Hongcai Shang, Beijing University of Chinese Medicine, China
Reviewed by:
Hui Hui Zhao, Beijing University of Chinese Medicine, China
Chang Li, Zhejiang Chinese Medical University, China
* Correspondence: Dawei Wang, david@gzucm.edu.cn; Yuanyuan Cheng, chengyuanyuan@gzucm.edu.cn; Zhongqiu Liu, liuzq@gzucm.edu.cn
†These authors have contributed equally to this work and share first authorship
Specialty section: This article was submitted to Ethnopharmacology, a section of the journal Frontiers in Pharmacology
Received: 30 September 2022
Accepted: 11 October 2022
Published: 25 October 2022
Citation: Wang Y, Li J, Yan J, Wang Y, Cheng Y, Liu Z and Wang D (2022) Efficacy of Xinbao pill on chronic heart failure: Study protocol of a multicenter, randomized, double-blind, placebo-controlled trial. Front. Pharmacol. 13:1058799. doi: 10.3389/fphar.2022.1058799

Introduction: Chronic heart failure (CHF) is a common cardiovascular disease. In China, Xinbao pill (XBP) is widely used as an adjuvant therapy for CHF. However, there is still a lack of high-quality clinical evidence. We designed this multicenter, randomized, double-blind, placebo-controlled trial to critically evaluate the efficacy and safety of XBP as an adjuvant treatment for patients with CHF.
Methods and analysis: We will recruit 284 patients with a clinical diagnosis of “heart-kidney yang deficiency syndrome” CHF receiving treatment in six hospitals in China. Patients will be randomly assigned, in a 1:1 ratio, to the treatment or control group using a central randomization system. All patients will receive conventional drug therapy for heart failure combined XBP (Guangdong Xinbao Pharmaceutical Co., Ltd., Guangdong, China) or a placebo. Study physicians, subjects, outcome assessors, and statisticians will be blinded to the group assignment. The primary outcome will be the change in the proportion of patients who show a decrease in serum NT-proBNP of more than 30% after treatment. Secondary outcomes are NYHA class, 6-minute walk distance test, Minnesota Quality of Life Scale score, endpoint events, serum NT-proBNP, echocardiographic parameters, and traditional Chinese medicine (TCM) symptom score. Adverse events will be monitored throughout the trial. Data will be analyzed according to a predetermined statistical analysis plan.
Discussion: The results of this study will provide solid evidence of the safety and efficacy of XBP as an alternative and complementary treatment measure for patients with CHF.
Clinical Trial Registration: Chinese Clinical Trial Registration Center (ChiCTR2000038492).
Keywords: Xinbao pill, traditional chinese medicine, clinical trial, protocol, chronic heart failure
INTRODUCTION
Chronic heart failure (CHF), an end-stage of various cardiac functional/organic diseases, is a major public health problem facing the world (Francis, 2001). Epidemiological data show that approximately 64.3 million people worldwide are afflicted by this disease (Groenewegen et al., 2020). In developed countries, the prevalence of heart failure is generally estimated at 1%–2% of the general adult population (Hao et al., 2019). As the population continues to increase in age, the prevalence of CHF is on the increasing, and it is estimated that by 2030, the prevalence of heart failure in the United States alone will increase by 46%, totaling more than eight million cases (Mozaffarian et al., 2016). In the United States, CHF is the leading cause of hospitalization for people older than 65 years of age, accounting for approximately one million hospitalizations each year (Rosamond et al., 2008), placing a tremendous burden on the individual and the health care system (Roger, 2021). The angiotensin-converting enzyme inhibitor (ACEI)/angiotensin receptor neprilysin inhibitor (ARNI), sodium glucose cotransporter two inhibitor, a beta-blocker, and mineralocorticoid receptor antagonists (MRA) are currently recommended in the guidelines as the basic therapy for CHF (McDonagh et al., 2021). Nevertheless, the prognosis of patients with CHF is not good. Studies have shown that the mortality rate of CHF patients within 1 month of discharge after receiving systemic and conventional basic treatment is still as high as approximately 10% (Pfeffer et al., 2019).
The Xinbao pill (XBP), a well-known Chinese patent medicine, was developed by Guangdong Xinbao Pharmaceutical Co., Ltd. (Guangdong, China) and approved by the China Food and Drug Administration (No: Z44021843) for the treatment of CHF. XBP is composed of nine herbal extracts (Table 1) and has been widely used in China in recent years for the treatment of cardiovascular diseases, especially for CHF. To explore the potential mechanism of XBP in the treatment of CHF, researchers have conducted a meaningful exploration. Previous studies have shown that in a rat model of CHF induced by abdominal aortic constriction surgery, XBP ameliorated the pathological changes of myocardial hypertrophy, disturbed cardiomyocyte arrangement and gap widening in CHF rats, and enhanced cardiac function (He et al., 2020). The mechanism might be related to the inhibition of phosphorylation activation of PI3K/Akt signaling and inhibition of GSK3β phosphorylation (He et al., 2020). It has also been shown that in a rat model of left anterior descending ligation-induced myocardial ischemia‒reperfusion injury, XBP could improve cardiomyocyte apoptosis by inhibiting autophagy and ER stress to improve cardiac function (Yang et al., 2022). The efficacy of XBP for CHF has also been demonstrated in clinical practice (Xu and Qi, 2019). However, it is disappointing that the evidence from these clinical randomized controlled trials is inadequate and shows significant methodological flaws, such as prevalent use of small samples, lack of preregistered study protocols, unreasonable random assignment methods, failure to implement blinding, and single-center studies (Wang et al., 2022).
TABLE 1 | Components of Xinbao pill (intervention drug).
[image: Table 1]The clinical efficacy and safety of XBP in the treatment of CHF is still unclear. Therefore, we conducted a multicenter, randomized, double-blind, placebo-parallel controlled trial to try to elucidate the clinical efficacy and safety of XBP in the treatment of CHF, to provide high-quality evidence-based medical evidence. The main hypothesis of this study is that XBP is superior to placebo in patients with CHF when combined with conventional therapy.
METHODS AND ANALYSES
Design and settings
This study is a multicenter, stratified, randomized, double-blind, placebo-controlled, parallel-group superiority trial planned to be implemented in patients with CHF with “heart-kidney yang deficiency syndrome.” A total of 284 participants will be recruited. After participants are enrolled and provided written informed consent, they will be randomly assigned, in a 1:1 ratio, to either the XBP group or the placebo group. The trial will consist of a 1-week screening period, 12-week intervention period, and 12-week follow-up period. The study flow is shown in Figure 1.
[image: Figure 1]FIGURE 1 | The flow diagram of this study.
RECRUITMENT
Announcements and recruitment advertisements will be posted on WeChat, hospital outpatient waiting halls and community bulletin boards for participant recruitment. Researchers will explain the purpose of the study, the interventions, and the benefits and risks to the patients. Patients who agree to participate will be examined and diagnosed separately by two chief Chinese medicine practitioners with more than 5 years of medical experience to determine whether they meet the inclusion criteria and will be enrolled in the online allocation system after written informed consent is obtained. In addition, the demographic characteristics of ineligible patients and reasons for nonparticipation will be recorded. Enrollment begins from 1 November 2020 to 31 December 2024. Costs incurred in connection with the study will be free of charge (e.g., physical examination, laboratory test costs, etc.). Recruitment will be conducted at six centers nationwide, including Shunde Hospital of Guangzhou University of Chinese Medicine, Er sha Branch of Guangdong Provincial Hospital of Chinese Medicine, University City Branch of Guangdong Provincial Hospital of Chinese Medicine, Second Guangdong Provincial Hospital of Chinese Medicine, Shandong Provincial Hospital of Chinese Medicine, and Huizhou City Hospital of Chinese Medicine.
ELIGIBILITY CRITERIA
Diagnostic criteria of CHF
The diagnostic criteria were referenced in the 2018 Chinese Heart Failure Diagnosis and Treatment Guidelines published by the Chinese Medical Association Cardiovascular Disease Branch (Group et al., 2018). Among them, the grading of the severity of cardiac function is based on the New York Heart Association (NYHA) cardiac function grading criteria (Yancy et al., 2013). NYHA Class I: the patient has heart disease, but physical activity is not limited. General physical activity does not cause excessive fatigue, palpitations, shortness of breath, or angina; Class II: The patient has heart disease such that physical activity is mildly restricted. No symptoms at rest, general physical activity causes excessive fatigue, palpitations, shortness of breath or angina; Class III: The patient has heart disease such that physical activity is significantly limited. No symptoms at rest, but less than general physical activity can cause excessive fatigue, palpitations, shortness of breath or angina; and Class IV: Patients with heart disease, also have symptoms of cardiac insufficiency or angina at rest, and any physical activity increasing discomfort.
Diagnostic criteria of traditional Chinese medicine syndrome
The diagnostic criteria for “heart-kidney yang deficiency syndrome” are based on the Expert Consensus on CHF Treatment in Chinese Medicine (Alliance et al., 2014). The main symptoms include palpitations, shortness of breath, weakness, shortness of breath with movement, cold body and limbs, puffiness and swelling, abdominal distension and loose stools, dull complexion, pale tongue with thin coating, sunken and weak pulse, or shortness of breath, astringency, and knotted generation. The diagnosis of “heart-kidney yang deficiency syndrome” is based on the presence of one primary symptom and two secondary symptoms. Two experienced chief physicians confirmed the “heart-kidney yang deficiency syndrome” diagnosis.
Inclusion criteria
Patients will be included in this study if they meet the following criteria: 1) meet the diagnostic criteria for CHF, and the Chinese medical evidence of “heart-kidney yang deficiency syndrome”; 2) 18 years old ≤ age ≤80 years old, regardless of sex; 3) have a history of CHF for more than 3 months or clinical findings of heart failure symptoms for more than 3 months; 4) NYHA heart function classification II-III, or stable clinical symptoms, including those who have been diagnosed within 2 weeks before enrollment or NYHA Class IV; 5) serum N-terminal prohormone of brain natriuretic peptide (NT-proBNP) level ≥450 pg/ml; 6) have received conventional basic treatment for at least 2 weeks and have not undergone a dose adjustment; and 7) voluntary participation, clearly understanding and signed the informed consent form.
Exclusion criteria
Patients who meet one of the following criteria will be excluded from this study.1) heart failure due to valvular disease, congenital heart disease, pericardial disease, arrhythmia and noncardiogenic causes, or heart failure due to liver, kidney and other important organ failure; and right heart failure and acute heart failure with clear pulmonary or other causes; 2) those who plan to undergo coronary revascularization therapy or cardiac resynchronization therapy in the near future, and those who have already undergone cardiac resynchronization therapy; 3) patients with severe primary diseases of the liver, kidney and hematopoietic system, liver transaminases, alkaline phosphatase exceeding 3 times the upper limit of the normal values, blood creatinine >2 mg/dl (176.82 μmol/L), blood potassium >5.5 mmol/L; patients with tumors, severe neuroendocrine disorders and psychiatric disorders; 4) patients with left ventricular outflow tract obstruction, myocarditis, large aneurysms, sandwich aneurysms, or unrepaired heart valves causing significant hemodynamic changes; 5) patients with cardiogenic shock, uncontrollable malignant arrhythmias, progressively worsening unstable angina pectoris or acute myocardial infarction; 6) patients with uncontrolled hypertension, systolic blood pressure ≥180/mmHg and/or diastolic blood pressure ≥110 mmHg; 7) patients who are also using other drugs with cardiotonic, or diuretic effects, such as digitalis; 8) patients who are taking other Chinese herbal medicines within 1 month; 9) pregnant or preparing for pregnancy and lactation; 10) allergic patients or those with a known allergy to the treatment drugs; 11) patients with internal heat of Yin deficiency, hyperactivity of the liver and Yang, or phlegm and fire; 12) patients with glaucoma; or 13) patients who, in the judgment of the investigator, cannot complete the study or cannot comply with the requirements of the study.
Termination criteria
The clinical trial will be terminated if any of the following occur during the course of the trial.1) discontinuation of treatment at any time; 2) an allergic reaction clearly associated with the study drug; 3) an adverse sign or symptom (for example, vomiting, diarrhea, dizziness and headache, weakness, etc.) clearly associated with the study drug, or an abnormal test result that, in the judgment of the investigator, warrants discontinuation of the study; 4) pregnancy in a woman; 5) an endpoint event. When a trial is discontinued, all trial records should be retained for review.
Withdrawal criteria
All screened and qualified subjects for entry into the trial who complete the informed consent form will not be affected by their subsequent treatment, regardless of when or why they withdraw from the study. Patients have the right to withdraw from the study at any time and for any reason, but every effort should be made to avoid unnecessary patient withdrawals and to complete follow-up visits whenever possible to collect data for analysis of efficacy and safety. However, when a patient decides to withdraw, the investigator should contact the patient or their responsible relative by telephone or personal visit and confirm the reason for withdrawal if possible. The investigator should retrieve the remaining medication at the time of withdrawal, perform complete a final assessment, complete a case report if possible, explain the reason for withdrawal, and follow up on the occurrence of the endpoint event in the withdrawing patient. If the patient withdraws for reason of an adverse event, it should be documented in the complete case report form (CRF).
Sample size
Investigators conducting the trial estimate the sample size based on the level of NT-proBNP, the main efficacy indicator. The literature (Li et al., 2013), showed that NT-proBNP levels decreased by more than 30% after 12 weeks of conventional basic treatment combined with placebo in 31.98% of patients, and NT-proBNP levels decreased by more than 30% after 12 weeks of conventional basic treatment combined with herbal medicine in 47.95% of patients. Therefore, it is expected that the percentage of patients with NT-proBNP levels decreasing more than 30% after 12 weeks of conventional basic treatment combined with XBP will be 50%. Thus, assuming α = 0.05 and β = 0.20, the calculated sample size required for each group was 114 cases after substituting the above values using PASS11 software. Considering that 20% will miss visits, the sample size was adjusted to 142 cases in each group. The total number of cases required for both groups was 284.
Randomization and allocation
Participants will be randomly assigned, in a 1:1 ratio, to the experimental and control groups using the central randomization system of the Drug Clinical Trial Management Office, Shunde Hospital of Guangzhou University of Chinese Medicine. Randomization groups will be stratified by the central stratification method, generating random numbers, and generating randomized results by SAS statistical software (version 9.4; SAS Institute, Cary, NC, United States). The randomization number and drug number will be separately obtained by each study subcenter investigator using a sequential number in the central randomization system. All center numbers, sequence numbers, randomization numbers, and drug numbers will be managed by the statistical unit.
Blinding
Blinding codes will be made after the randomization operation. This process will be performed by a special person, and the sequence number of the subject, the corresponding random numbers and the grouping result (i.e., subjects are assigned to either the test or control group) will be the primary blinding base; then the two groups will be blinded to the medication, which will be the secondary blinding base, and the drug number of each subject will be randomly prepared in order, and all operations will be recorded and maintained. All study personnel, participants, physicians, medication administrators, and dispensing nurses will be unaware of the group and treatment type until the study is completed. Unblinding occurred if a participant have a serious adverse event during the course of the study or require emergency care in an emergency situation. Once unblinded, the participant will be withdrawn from the study and the investigator will report the reason to the examiner within 24 h.
Interventions
Eligible participants will be randomly assigned to either the XBP group or the placebo group. If XBP was used prior to randomization, a 2-week drug washout period was implemented to avoid any potential complications of XBP. All participants will receive conventional basic treatment.
Patients in the experimental group will receive XBP (approval number: Z44021843, 4 pills at 60 mg each, po, three times a day). Patients in the control group will receive XBP placebo (4 pills at 60 mg, po, three times a day). The appearance, taste and weight of the placebo will be the same as those of the XBP test drug. Both XBP and placebo will be manufactured by Guangdong Xinbao Pharmaceutical Technology Co., Ltd. And all drugs should meet the requirements of the Chinese National Drug Manufacturing Code. The total treatment course will be 12 weeks.
Conventional basic treatment was provided in accordance with the 2018 Chinese Heart Failure Diagnosis and Treatment Guidelines published by the Chinese Society of Cardiovascular Diseases (Group et al., 2018), including use of ACEIs, ARBs, ARNIs, diuretics, β-blockers and other drugs to reduce cardiac load and enhance myocardial contractility. Each patient should continue to receive the same type and dose of drugs in the conventional basic treatment protocol as that of before enrollment during the treatment period of the trial. No further adjustments can be made during the entire treatment period. If the condition requires a medication adjustment, it should be recorded in the case report form, and investigators should record the combined endpoints and adverse events that occur in patients who receive an increased or decreased dose of medication or type of a different medication.
Concomitant therapy for comorbidities (e.g., hypertension, angina pectoris, hyperlipidemia, and other chronic conditions) will be allowed during the trial. Investigators should accurately document concomitant medications and maintain dose stability for the duration of the trial. Patients will adhere to heart-healthy diet during the trial, such as a low-salt diet and moderate water intake, in addition to receiving counseling on appropriate lifestyle improvements such as weight monitoring, physical activity, smoking cessation, and alcohol cessation. Adherence will be evaluated by complete documentation of drug distribution and retrieval, and subjects will be judged to be following the protocol if the actual amount of drug taken is within 80%–120% of the applied drug amount.
OUTCOMES
Primary outcomes
Details of the observational items and the time window for data collection are shown in Table 2. The primary outcome will be the proportion change of patients with a decrease of more than 30% in serum NT-proBNP after treatment.
TABLE 2 | Study procedure table.
[image: Table 2]Secondary outcome indicators
1) cardiac function classification (NYHA) (Yancy et al., 2013); 2) the 6-minute walking distance test (6MWT) (Ingle et al., 2005); 3) the Minnesota Living with Heart Failure Questionnaire score (Fitz et al., 2021); 4) the rate of endpoint events (acute exacerbation rehospitalization of CHF, cardiac death and all-cause death, etc.); 5) serum NT-proBNP level; 6) cardiac function indicators, such as the left ventricular ejection fraction (LVEF), the left ventricular end-diastolic diameter (LVEDD), and the left ventricular end-systolic diameter (LVESD); and 7) TCM symptom scores (Supplementary material 1) will be used to quantify the symptoms. Differences in TCM symptom scores between groups at baseline and week 4, week 8, week 12 and week 24 post-treatment will be compared and differences between groups will be calculated. The scoring process will be carried out independently by two chief TCM physicians with more than 5 years of medical experience, with any discrepancies being resolved through consultation. The comprehensive efficacy criteria were as follows: 1) ineffective: no significant improvement or even worsening of symptoms and signs, and a reduction in symptom score <30%; 2) effective: improvement of symptoms and signs, and a reduction in symptom score ≥30%; 3) significant effect: significant improvement of symptoms and signs, and a reduction of syndrome score ≥70%. TCM symptom scores = [(posttherapy score - pretherapy score)/pretherapy score]  ×  100%. Outcome indicators will be collected at week 4, 8, 12 and 24 after inclusion in the study.
Safety outcomes
Safety outcomes include adverse event evaluation, clinical laboratory indicators (routine blood: hemoglobin, red blood cells, white blood cells, platelets; routine urine: urine protein, urine white blood cells, urine red blood cells; serum biochemistry: urea nitrogen, creatinine, ghrelin, ghrelin, fasting glucose, glycated hemoglobin, potassium, sodium, chloride) and 12-lead electrocardiogram.
Adverse events
Adverse events will be monitored continuously during treatment and follow-up. Adverse events occur during the course of the study, especially those related to the trial drug, will be followed until the patient’s condition returns to baseline status or stabilizes. If the patient’s condition does not return to baseline or stabilize after follow-up, a note should be documented in the CRF. Any serious adverse events during the clinical trial will be reported to clinical trial supervisor, principal investigator, and drug manufacturer within 24 h. Moreover, the investigator will fill out a serious adverse reaction form to record the time of occurrence, severity, duration, measures taken and regression of the serious adverse event. The investigator will also make a judgment on whether the abnormal laboratory results are clinically significant and provide possible explanations. Abnormal laboratory results resulting from an adverse event that has already been reported should also be recorded as an adverse event. Clinically significant abnormal laboratory tests that meet one or more of the following conditions should be recorded as a separate diagnosis on the adverse events page of the CRF (excluding abnormal laboratory results resulting from an adverse event that has already been reported): 1) if accompanied by clinical symptoms; 2) if a change in the study medication has occurred; or 3) if a change in the combination medication and/or other therapeutic measures is required.
Data collection and management
Study data will be recorded on the paper CRF or electronically via the eCRF. The paper CRFs will be sent to the clinical center and Shunde Hospital of Guangzhou University of Chinese Medicine will provide training and support to the investigators by using the eCRF system. To promote participant retention and completion of follow-up visits, frontline investigators will inform patients the time of follow-up visit to hospital by phone and WeChat. This work will be performed by two independent investigators.
The data management process needs to comply with regulatory requirements such as “Quality Management Standards for Drug Clinical Trials” (Zhang et al., 2021) and “Technical Guidelines for Clinical Trial Data Management Work” (Wang et al., 2013)to ensure the traceability of clinical trial data. The data manager will design the database based on the CRF using Epidata software and will release it after testing. The clinical research coordinator (CRC) is responsible for entering the data on the CRF into the database, and the data entry is performed in a secondary manner. The data manager will prepare the data verification SAS program based on the data verification plan and then generate a data query form, which is returned to the data manager by the clinical reviewer after the investigator has answered the queries, and the data manager will revise the database accordingly. MedDRA 21.0 or later will be used for adverse event coding. After database cleanup is completed, the data manager will write the data verification report for use in data verification meetings. The database lock list is completed at regular intervals and the database lock is completed according to the database lock procedure. After the database lock is completed, the data manager will export the data file in SAS format and send it to the statistician for statistical analysis. The personal information about of the potential and enrolled participants is confidential and will be protected throughout the trial, and researchers will be expected to maintain data confidentiality for 5 years after trial termination.
STATISTICAL ANALYSES
Statistical analysis data sets
Subjects in the trial will be divided into full analysis set (FAS), per-protocol analysis (PPS), and a safety analysis set (SAS). Efficacy analysis will be performed on the FAS and PPS. All baseline demographics will be analyzed on the FAS, and safety evaluation will be performed on the SAS.
Statistical analysis methods
All statistical tests will be performed using a two-sided test, and a p value less than or equal to 0.05 will be considered statistically significant for the difference tested. Dichotomous indicators will be used to describe the number of cases and percentages of each category. Quantitative indicators conforming to normal distribution will be expressed as the “mean ± standard deviation” and skewed data will be described as the median, lower quartile (Q1), and upper quartile (Q3). Comparisons between the two general groups will be analyzed using appropriate methods depending on the type of indicator. Paired t test or Wilcoxon rank sum test will be used for comparison between groups for quantitative data, chi-square test or Fisher exact probability method for categorical data, and Wilcoxon rank sum test or CMH test for rank data. The specific applicable statistical methods for each outcome indicator are shown in Table 3.
TABLE 3 | Outcomes and methods of analyses.
[image: Table 3]Medication adherence analysis
Pearson’s chi-square test or Fisher’s exact chi-square test will be used to compare whether the patients in both groups are using the trial medication at the right time and at the right dosage but not using the medication prohibited in the protocol. The number of combined medication users in each group should also be counted and tabulated in detail.
Quality control
To ensure the quality of this trial, each study center will have a study leader and several fixed study components. The requirements of the clinical study protocol will be strictly followed. The technical staff in the group leader unit will maintain close contact with each study center at all times and will visit each study center in the early, middle, and late stages of the study to check the case observation records and solve any problems that may arise in a timely manner. Each party will conduct the clinical study in strict accordance with the approved protocol, and any deviation from the protocol will be recorded. Any modifications to the study protocol need to be reported to the ethics committee for approval before implementation. Meanwhile, a steering committee and data monitoring committee composed of experienced clinical and academic researchers in the field has been developed at Shunde Hospital of Guangzhou University of Chinese Medicine, and the committee will conduct monthly online audits and half-yearly on-site audits.
Trial status
This is an ongoing trial. The first participant was recruited on 3 December 2021. This study is currently recruiting participants.
DISCUSSION
XBP, as an adjuvant treatment for CHF, has been widely used in China, however, its clinical efficacy and safety are still unclear due to the lack of support provided by high-quality clinical trial (Wang et al., 2022). This trial is the first multicenter, stratified, randomized, double-blind, placebo-controlled, parallel-group superiority trial conducted in China to investigate the safety and clinical efficacy of XBP as an adjuvant therapy for CHF and to provide high-quality evidence for XBP in the treatment of CHF.
Compounded Chinese medicine is the most prominent form of TCM used to treat diseases (Tang et al., 2018; Luan et al., 2020). However, researchers experience challenges in standardizing clinical randomized controlled trials on compound Chinese medicine (Lin et al., 2018). First, it is difficult to conduct clinical studies under the guidance of the “syndrome differentiation and treatment” theory of TCM(Jiang et al., 2012). The principle of TCM compounding is to treat patients based on different clinical manifestations of diseases under the guidance of TCM theory, which is summarized as “syndrome,” and then to administer the corresponding Chinese medicine treatment (Hu et al., 2022). According to the theory of TCM, XBP mainly treats CHF patients with “heart-kidney yang deficiency syndrome.” However, in actual clinical practice, patients present with different symptoms so the treatment approach is subjective based on the doctor’s belief, and the same patient may even receive a different diagnosis from a different doctor (Hao et al., 1990). This challenge has limited the development of clinical research on XBP, so previous clinical studies has not been often focused on the clinical efficacy and safety of XBP in the treatment of heart failure patients with “heart-kidney yang deficiency syndrome.”
To avoid including patients with other “syndromes” and to clarify the diagnosis of “heart-kidney yang deficiency syndrome,” the recruited patients were cross-checked by two chief TCM physicians with more than 5 years of medical experience. Second, because XBP has a unique color, smell and taste as those of a natural drug, it is difficult to simulate it with ingredients that have no therapeutic effect, which makes the preparation of placebo more difficult (Shi and Yuan, 2022). Preparation of placebo is critical in aspect of implementing double-blindness, which can effectively avoid bias, and the level of placebo preparation determines the chance of breaking the blindness of the subjects and investigators during the implementation of the blinding method (Kaptchuk, 1998). The XBP and placebos used in this study were manufactured by Guangdong Xinbao Pharmaceutical Co., Ltd. to ensure that placebos were as consistent as possible with the test drug in terms of appearance, color, odor, and taste.
The NT-proBNP level is recommended by guidelines as the most valuable and reliable biomarker for the diagnosis of HF(Ponikowski et al., 2016), and is widely used for differential diagnosis, risk stratification and prognostic assessment of CHF. Studies have shown that the risk of CHF-related death is positively correlated with NT-proBNP levels (Cao et al., 2019), so the proportion of patients with a decrease in serum NT-proBNP of more than 30% was chosen as the primary outcome for this study. A meta-analysis showed strong evidence that the 6MWT is moderately to highly relevant in evaluating the efficacy of cardiac rehabilitation for patients (Bellet et al., 2012), so the study will use the 6MWT as a secondary outcome. Moreover, the secondary outcome in terms of TCM symptom score, quantified symptoms to reflect objectivity, and perfectly combined TCM evidence with modern medicine.
Several previous prospective clinical studies (Wang et al., 2019; Zhao et al., 2019; Lu et al., 2020) have shown that combining XBP therapy with conventional therapy appears to be beneficial in improving cardiac function (e.g., increasing LVEF, and decreasing LVEDD and LVESD), decreasing BNP levels, and increasing 6MWT in patients with CHF. However, it is important to note that all of these clinical studies published in Chinese journal articles had serious methodological design flaws (Wang et al., 2022). First, none of the study protocols were preregistered prior to the initiation of the study, which would have improved transparency and avoided bias in selective outcome reporting and publication bias. Second, all were small sample (sample size ≤120 cases), single-center studies. In addition, no placebo-controlled trials were planned to exclude placebo effects. Finally, studies based on non-double-blinded design reduced the authenticity and reliability of data collection and result evaluation. Due to these shortcomings, reliable evidence on the clinical use of XBP in patients with CHF is still lacking. In our ongoing clinical study, we will thoroughly address these methodological shortcomings and will provide high evidence-based medical proof for the use of XBP as a complementary alternative therapy for patients with CHF.
However, the present study protocol also has limitations that are worth discussing. First, because the study period was limited, the follow-up period of this trial was relatively short. Although XBP is effective in reducing overall mortality, long-term prognosis can not be evaluated. Along-term follow-up is needed to obtain additional data. Secondly, our inclusion population is restricted to adult heart failure patients under 80 years of age, and it is unclear whether this is applicable to older people over 80 years of age. Thirdly, although our study is a multicentre study, the main study population is predominantly Han Chinese in southern China and it is unknown whether it is applicable to other ethnic and regional populations. Finally, researchers in this trial only investigated the adjuvant effect of XBP on conventional basic treatment, and its individual therapeutic effect is still unclear.
Patient and public involvement
Patients and/or the public were involved in the design, conducting, reporting, dissemination plans of this research. Refer to the Methods section for further details.
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Background: Cardiac sympathetic nerve system (SNS) might play an important role in arrhythmogenesis of arrhythmogenic cardiomyopathy (ACM). This study aims to assess the activity of cardiac SNS in ACM patients by heart rate variability (HRV), and to investigate its predictive value for sustained ventricular tachycardia (sVT).

Methods: A total of 88 ACM patients and 65 sex- and age- matched healthy participants were enrolled. The time domain measures were used to evaluate the activity of cardiac SNS. An independent cohort with 48 ACM patients was as the validation cohort.

Results: ACM patients had lower levels of standard deviation of all NN intervals (SDNN) [118.0 (90.3, 136.8) vs. 152.0 (132.5, 174.5) ms, p < 0.001] compared with healthy participants. Further analysis showed ACM patients with sVT had lower levels of SDNN than those without sVT (105.0 ± 28.1 vs. 131.8 ± 33.1 ms, p < 0.001). Multivariate logistic regression analysis showed SDNN was independently associated with sVT in ACM patients [odds ratio (OR) 0.59, 95% confidence interval (CI) (0.45–0.78), p < 0.001]. Receiver operating characteristics curve demonstrated SDNN had clinical values in predicting sVT in ACM patients [area under the curve (AUC) = 0.73, 95% CI (0.63–0.84), p < 0.001], which was verified in the validation cohort.

Conclusion: The present study suggests that HRV is impaired in patients with ACM, and the SDNN level has a moderate value in risk stratification for sVT in ACM patients. In addition, the finding might provide new target for the further management of ACM with integrated traditional Chinese and western medicine.

KEYWORDS
arrhythmogenic cardiomyopathy (ACM), heart rate variability, sympathetic nerve system (SNS), ventricular tachycardia (VT), SDNN


Introduction

Arrhythmogenic cardiomyopathy (ACM) is an inherited cardiomyopathy characterized by progressive cardiomyocyte loss and subsequent replacement with fibrofatty tissue in both ventricles, which predispose patients to high risks of ventricular arrhythmias (VAs), sudden cardiac death (SCD), and heart failure (1). The estimated prevalence of ACM is ranged between 1/5,000 and 1/2,000 among different study populations, with a slight male predominant. It is also one of the most common causes of sudden death in young people and athletes (2). For patients with ACM have risks of VAs and SCD, risk stratification aimed to identify patients who have greater likelihood of VAs is of great importance in management of patients with ACM (3).

The cardiac sympathetic nerve system (SNS) plays important roles in the pathogenesis of ACM and the modulation of VAs (4, 5). High incidence of VAs with isoproterenol infusion and benefits of β-blocker treatment on VAs burdens in patients with ACM indicated that the cardiac SNS played key role in the triggering of VAs (6–8). Previous studies employed 123I labeled metaiodobenzylguanidine (123I-MIBGI) myocardial SPECT showed ACM patients had abnormalities of cardiac sympathetic nervous innervation, which were associated with higher risk of VAs (9, 10). However, this method is not used as a routine tool to assess the cardiac SNS in patients with ACM for its complex procedure and radioactivity. Heart rate variability (HRV), calculated based on the oscillation in the intervals between consecutive heart beats, is the most common method used for indirect assessment of cardiac SNS activity, and has been used to risk stratification in many other cardiovascular diseases routinely (11). However, it is unclear whether HRV has clinical values in patients with ACM. The purpose of this study aimed to assess the HRV in patients with ACM, and investigate its clinical value in risk stratification for VAs in this population.



Patients and methods


Patients

A retrospective study was conducted on 129 patients diagnosed with ACM in the department of Cardiology, the First Affiliated Hospital of Nanjing Medical University from January 2006 to February 2015. The study was approved by the institutional ethics committee board of the First Affiliated Hospital of Nanjing Medical University (NO.: 2011-SR-014) and individual consent for this retrospective analysis was waived. In addition, 69 ACM patients from other 4 arrhythmia centers were used as the validation cohort. The diagnosis of ACM was based on the International Task Force Criteria of ACM (12, 13). Sustained ventricular tachycardia (sVT) was defined as recorded spontaneous persistent ventricular tachycardia (lasting for ≥ 30 s at ≥ 100 bpm, or with unstable hemodynamics requiring cardioversion), ventricular fibrillation/flutter, or appropriate ICD intervention. In addition, 65 sex- and age- matched healthy participants were enrolled as the control group. Exclusion criteria included: (1) patients with incomplete data; (2) patients with left ventricular ejection fraction (LVEF) < 35% or other comorbidities with high risk of VAs; (3) diabetics with long-term poor glycemic control or evidence of diabetic neuropathy; (4) patients with chronic obstructive pulmonary disease, severe renal dysfunction, liver dysfunction, thyroid disorder, or malignancy; (5) patients with nervous system disorders (Supplementary Figure 1).



Data collection and heart rate variability analysis

For all participants, the data about baseline characteristics, which included sex, age, and comorbidities were collected. For patients with ACM, more detailed baseline characteristics, including age at diagnosis, symptoms, anti-arrhythmic drugs (AADs), and other non-pharmacological therapies were collected. Surface electrocardiography (ECG), 24-h Holter recording, and echocardiography were scrutinized by two independent doctors to determine the potential predictors for risk stratification in ACM.

HRV was assessed based on the 24-h Holter recording using a validated three-channel device (Seer Light Dynamic Electrocardiogram record system, GE Healthcare, USA). During the 24-h recording period, all participants were required to maintain their normal activities. All parameters related to HRV were analyzed and calculated on the basis of removal of ectopic beats. The time domain measures were used to evaluate the HRV in this study, which were calculated based on statistical and mathematical analysis on RR intervals. The commonly used variables include the standard deviation of all normal-normal (NN) intervals (SDNN), the standard deviation of the average NN intervals (SDANN), the square root of the mean of the squares of the successive differences between adjacent NN intervals (rMSSD) and the percentage of NN intervals that differ by > 50 ms (pNN50). NN intervals refer to all intervals between adjacent QRS complexes resulting from sinus node depolarization (Supplementary Figure 2). SDNN is the standard deviation of all NN intervals over a 24-h period. SDANN is the standard deviation of the average NN intervals calculated over a 5-min period. Both SDNN and SDANN reflect greater sympathetic nervous contribution to HRV, and decreased levels of SDNN and SDANN indicate increased sympathetic activity. rMSSD is the square root of the mean squared difference of successive NN intervals during a 24-h recording. NN50 is the number of interval differences of successive NN intervals more than 50 ms, and pNN50 represents the percentage of NN50 in the total number of NN intervals. rMSSD and pNN50 are two reliable indicators for parasympathetic activity (14, 15).



Statistical analysis

Kolmogorov-Smirnov test was firstly employed to determine the distribution patterns of the continuous variables. Continuous variables with normal distribution were presented as mean ± SD and compared with the Student’s t-test to assess the differences. Otherwise, median (25th, 75th) was used to present the data, and the Mann-Whitney test was employed to calculate the differences. All the categorical variables were summarized as percentages, and the χ2 or Fisher exact test was used to evaluate the differences when appropriate. Univariate and multivariate binary logistic regression analyses were performed to determine the predictors of sVT in patients with ACM. All variables were used in the univariate analyses, and the variables with a significance of < 0.10 were entered into multivariate logistic regression analysis. An automatic stepwise selection procedure using the maximum partial likelihood ratio χ2 statistic to enter (p ≤ 0.05 level) or remove (p > 0.05 level) a covariate into the model was used. Furthermore, receiver operating characteristics (ROC) curve was performed in ACM patients to investigate the value of HRV variables in differentiating patients with sVT from patients without sVT. A two-tailed p-value of < 0.05 was taken as significance. All the statistical analyses were performed by the SPSS Statistics for Windows, v26.0 (SPSS Inc., USA) and GraphPad Prism 8.0.2 (GraphPad, USA).




Results


Baseline characteristics

There were 88 patients with ACM in the model group were enrolled after 41 patients were excluded for incomplete data (n = 14), LVEF < 35% (n = 5), with other arrhythmias (n = 8) or with other comorbidities which might have effects on HRV (n = 14) (Supplementary Figure 1). Patients in the ACM group had comparable age (41.8 ± 12.9 vs. 42.0 ± 15.1 years old) and proportion of male (76.1% vs. 64.6%) to those in the healthy control (HC) group. In addition, there were similar comorbidities between ACM and HC groups (Table 1). More detailed baseline characteristics of patients with ACM were shown in Table 2. Patients in the ACM group were diagnosed with ACM at the mean age of 38.4 years old, and had a mean history duration of 4.5 years. There were 54 patients (61.4%) with right ventricular enlargement, 39 patients (44.3%) with right ventricular outflow tract dyskinesia, and 60 patients (68.2%) with right ventricular free wall dyskinesia. Most ACM patients (94.3%) had normal left ventricular geometry and systolic function (LVEF ≥ 50%). T wave inversion (TWI) in precordial leads (≥3 leads, 51 patients, 58%), inferior leads (≥2 leads, 27 patients, 30.7%), and RBBB (24 patients, 27.3%) on surface ECG were common in ACM patients (Table 2).


TABLE 1    Baseline characteristics of participants.
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TABLE 2    Clinical characteristics of patients with ACM.
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Patients with arrhythmogenic cardiomyopathy had impaired heart rate variability

As variables reflected greater sympathetic nervous contribution to HRV, the levels of SDNN and SDANN were significantly lower in ACM group compared with those in HC group [118.0 (90.3, 136.8) vs. 152.0 (132.5, 174.5) ms, p < 0.001 for SDNN; 99.0 (77.0, 117.0) vs. 137.0 (119.5, 153.0) ms, p < 0.001 for SDANN, Figures 1A,B], as well as the levels of rMSSD [29.0 (24.0, 38.0) vs. 34.0 (27.5, 44.0) ms, p = 0.02] and pNN50 [6.4 (4.0, 15.1) vs. 11.6 (6.9, 19.9)%, p = 0.004), (Figures 1C,D]. All these results indicated that patients with ACM had impaired HRV, with increased sympathetic activity combined with decreased parasympathetic activity.
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FIGURE 1
Comparison of heart rate variability between ACM patients and healthy control participants. The Mann-Whitney test was used for assess the difference (A–D), *p < 0.05; **p < 0.01; ***p < 0.001. ACM, arrhythmogenic cardiomyopathy; HC, healthy control; pNN50, percentage of normal RR intervals that differ by > 50 ms; rMSSD, square root of the mean of the squares of the successive differences between adjacent NN intervals; SDANN, standard deviation of the average NN intervals; SDNN, standard deviation of all NN intervals; sVT, sustained ventricular tachycardia.




Decreased levels of standard deviation of all normal-normal intervals in arrhythmogenic cardiomyopathy patients with sustained ventricular tachycardia

Fifty-two patients (59.1%) had recordings of sVT. Compared with patients without sVT, patients with sVT were more male (92.3% vs. 52.8%, p < 0.001), higher proportion of smoking (28.8% vs. 5.6%, p = 0.007), more common TWI in precordial leads (71.2% vs. 38.9%, p = 0.003) and inferior leads (42.3% vs. 13.9%, p = 0.004) on surface ECG, higher proportion of RV enlargement (78.8% vs. 36.1%, p < 0.001) and PAH (46.2% vs. 25%, p = 0.04) on echocardiography (Table 2).

Comparing the HRV variables between sVT group and non-sVT group showed that the levels of SDNN and SDANN in patients with sVT were lower significantly than those in patients without sVT (105.0 ± 28.1 vs. 131.8 ± 33.1 ms, p < 0.001 for SDNN; 88.4 ± 25.7 vs. 112.1 ± 33.6 ms, p < 0.001 for SDANN; Figures 2A,B). However, the difference of neither rMSSD nor pNN50 was significant between the two groups (Figures 2C,D).
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FIGURE 2
Comparison of heart rate variability between ACM patients with and without sVT. The Student’s t-test (A,B) and Mann-Whitney test (C,D) was used for assess the difference. ***p < 0.001. Bars in the figures indicate standard error. ACM, arrhythmogenic cardiomyopathy; pNN50, percentage of normal RR intervals that differ by > 50 ms; rMSSD, square root of the mean of the squares of the successive differences between adjacent NN intervals; SDANN, standard deviation of the average NN intervals; SDNN, standard deviation of all NN intervals; sVT, sustained ventricular tachycardia; ns, not significant.




Standard deviation of all normal-normal intervals was independently associated with sustained ventricular tachycardia in arrhythmogenic cardiomyopathy patients

Univariate logistic regression analysis showed that male, history of smoking, TWI in precordial leads and inferior leads on surface ECG, RV enlargement, PAH on echocardiography, PVC counts on 24-h Holter, SDNN, and SDANN were associated with sVT in ACM patients (Table 3). However, only SDNN [SDNN/10, OR 0.59, 95% CI (0.45–0.78), p < 0.001], male [OR 17.72, 95% CI (3.49–89.90), p = 0.001], TWI in precordial leads [OR 3.76, 95% CI (1.04–13.58), p = 0.04] and inferior leads [OR 4.77, 95% CI (1.07–21.18), p = 0.04] on surface ECG were independently associated with sVT in ACM patients by multivariate logistic regression analysis (Table 3).


TABLE 3    Univariate and multivariate logistic regression analyses of predictors of sustained VT in patients with ACM.
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Clinical value of standard deviation of all normal-normal intervals in predicting sustained ventricular tachycardia in arrhythmogenic cardiomyopathy patients

ROC curve was performed to value the level of SDNN in predicting sVT in patients with ACM. ROC curve showed the level of SDNN could significantly distinguish patients with sVT from patients without sVT [the area under the curve (AUC) = 0.73, 95% CI (0.63–0.84), p < 0.001, Figure 3]. The cutoff value of the SDNN level for predicting sVT in ACM patients was 126.5 ms based on the optimal balance between sensitivity and specificity. The level of SDNN < 126.5 ms predicted sVT with 76.9% sensitivity and 66.7% specificity. The positive and negative predictive value for sVT in ACM patients were also 76.9 and 66.7%, respectively.
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FIGURE 3
ROC curve to investigate the value of the SDNN in predicting sVT in patients with ACM. ACM, arrhythmogenic cardiomyopathy; AUC, the area under the curve; ROC, receiver operating characteristics; SDNN, standard deviation of all NN intervals; sVT, sustained ventricular tachycardia.




Validation of standard deviation of all normal-normal intervals in risk stratification for sustained ventricular tachycardia in arrhythmogenic cardiomyopathy patients

After excluding for variable reasons, 48 patients with ACM in the validation cohort were enrolled (Supplementary Figure 1). Patients in the validation cohort had a mean age of 52.4 years old and a high proportion of male (77.1%), and 30 patients (62.5%) experienced sVT. Patients with sVT had higher proportions of treatments with ICD (63.3% vs. 16.7%, p = 0.002), RFCA (50% vs. 11.1%, p = 0.006) and class III AADs (86.7% vs. 27.8%, p < 0.001). More detailed baseline characteristics of patients in validation cohort were shown in Supplementary Table 1.

Patients with sVT in the validation cohort had lower levels of SDNN (121.9 ± 39.2 vs. 154.3 ± 48.9 ms, p = 0.015), but similar levels of SDANN, rMSSD, and pNN50 (Figure 4). ROC curve showed the level of SDNN could also distinguish patients with sVT from patients without sVT [AUC = 0.69, 95% CI (0.53–0.89), p = 0.03, Supplementary Figure 3]. The level of SDNN < 126.5 ms predicted sVT with 66.7% sensitivity and 66.7% specificity in the validation cohort. The positive and negative predictive value for sVT in ACM patients were 76.9 and 54.5%, respectively.
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FIGURE 4
Comparison of HRV between ACM patients with and without sVT in the validation group. The Student’s t-test (A) and Mann-Whitney test (B–D) were used for assess the difference, *p < 0.05. ACM, arrhythmogenic cardiomyopathy; HRV, heart rate variability; pNN50, percentage of normal RR intervals that differ by > 50 ms; rMSSD, square root of the mean of the squares of the successive differences between adjacent NN intervals; SDANN, standard deviation of the average NN intervals; SDNN, standard deviation of all NN intervals; sVT, sustained ventricular tachycardia; ns, not significant.





Discussion

The principal finding of our study is that decreased level of SDNN is not only in patients with ACM, but also is an independent predictor for sVT in patients with ACM. The key findings in our study were as follow: (1) Patients with ACM had impaired HRV, with decreased levels of SDNN, SDANN, rMSSD, and pNN50; (2) ACM patients with sVT had lower levels of SDNN, but similar levels of rMSSD and pNN50 compared with ACM patients without sVT; (3) SDNN was independently associated with sVT in patients with ACM, and could be used as a predictor of arrhythmogenic risk of ACM.

Cardiac sympathetic nerve fibers mainly stem from major autonomic ganglia along the cervical and thoracic spinal cord, and terminate on the surface of the heart to interact with myocardium (16). Cardiomyocyte necrosis and infiltration of inflammatory cells in the heart are expected to induce the necrosis of sympathetic nerve fibers and subsequent heterogeneous reinnervation, which might contribute to the overactivation of SNS in patients with ACM (4). In addition, the impaired hemodynamics due to frequent PVCs and scar formation in the right ventricular might also induce the activation of cardiac SNS along with withdrawal of parasympathetic tone in patients with ACM (17). Previous studies showed regional abnormal sympathetic innervation in ventricle and reduced myocardial adrenergic β receptors density in patients with ACM by means of SPECT/PET (9, 18). The present study employed HRV to assess the activity of cardiac SNS, and the results showed that patients with ACM had decreased levels of SDNN, SDANN, rMSSD, and pNN50 compared with healthy participants. All these results demonstrated that patients with ACM had excessive activation of cardiac SNS and impaired parasympathetic tone.

Another important finding of this study was that the level of SDNN was independently associated with sVT in patients with ACM, which indicated that overactivation of cardiac SNS might implicate in the process of ventricular arrhythmogenesis in ACM patients. There was evidence of abnormal intracellular calcium cycling in cardiomyocytes from ACM animals (19, 20), which might be accelerated by the overactivation of cardiac SNS (21). The stimulation of myocardial adrenergic β1 receptor could increase cellular Ca2+ loading through cyclic adenosine monophosphate (cAMP)—protein kinase A (PKA) mediated increasing of the L-type Ca2+ current, as well as SERCA mediated reducing of Ca2+ re-uptake. The resulting elevated diastolic Ca2+ levels in the cardiomyocyte may increase the probability of spontaneous sarcoplasmic reticulum (SR) Ca2+ release, followed by inducing of DAD and extra stimulus, which may be as triggers to induce sVT (22).

Replacement of injured cardiomyocytes with fibrofatty tissue in the ventricular walls is the distinct characteristic of ACM, and provide suitable substrate for sVT. The overactivation of cardiac SNS might accelerate the cardiomyocyte injury and subsequent fibrosis and scar formation (23). Adrenergic β1 receptors were shown to be localized within the intercalated disc in hearts from mice, and played positive adhesiotropy effects to maintain the integrity of cardiomyocytes under the circumstance of cardiac SNS activation (24, 25). However, the stimulation of adrenergic β1 receptor within the intercalated disc may accelerate the desmosome dysfunction in patients with ACM, which leads to cardiomyocyte injury, subsequent fibrosis and scar formation. In addition, the heterogeneous sympathetic never reinnervation of cardiomyocytes might promote the dispersion of APD, which provide suitable substrate for maintaining of sVT (26). Therefore, the overaction of cardiac SNS not only provides triggers, but also suitable substrate for the sVT in patients with ACM.

In addition, this study also identified the level of SDNN as a predictor of sVT in patients with ACM. Identification of patients with high risk of SCD is the primary goal in management of ACM patients. During the past decades, some predictors based on demography, genetics, surface ECG and echocardiography have been identified to screen ACM patients with high risk of SCD (3, 27–29). This study identified SDNN as a new predictor of sVT in ACM patients. The ROC curve showed SDNN had clinical values in differentiating ACM patients with sVT from those without sVT, which was validated in another independent cohort with ACM patients. All these results indicated the feasibility and reliability of SDNN to risk-stratify in patients with ACM in clinical practice. In addition, it might be more convenient to utilize SDNN in risk stratification in ACM patients compared with other established predictors since it was easily to be obtained. Lastly, the predictive value of SDNN was based on the overactivation of cardiac SNS, which was different from previous predictors. The SDNN level might provide some additional value to the present predictors in identifying ACM patients with high risk of SCD.

For its considerable role in ACM, cardiac SNS should be considered as an important therapeutic target in patients of ACM. In addition to adrenergic β-receptor blockers, other non-pharmacological therapy targeting cardiac SNS should also be considered in the management of ACM patients with refractory VAs. One small size clinical study showed that bilateral cardiac sympathetic denervation had beneficial effects in ACM patients with refractory VT (30). Further studies are needed to investigate the benefits of non-pharmacological therapy in ACM patients with VAs. In addition, the traditional Chinese medicine, which has been used in patients with cardiac dysfunction and VAs (31), might have potential benefits in patients with ACM. Shensongyangxin capsule was shown to have beneficial effects on VAs in patients with or without structural heart disease, and on HRV in patients with heart failure (32, 33). Wenxin Keli is another kind of traditional Chinese medicine which has been approved for arrhythmias, and was shown to induce the downregulation of adrenergic receptor genes (34). Therefore, the traditional Chinese medicine might be new option in management of patients with ACM.



Study limitation

There are several limitations of our study. Firstly, the frequency domain analyses for HRV were not used in this study, because only 40% ACM patients in this study had data of frequency domain analyses. Therefore, this study did not investigate value of frequency domain analyses in patients with ACM. Secondly, the relatively small size of study population might have influences on the validation of our study findings. In addition, this is a retrospective study and has some disadvantages compared with prospective studies. Therefore, further prospective studies are needed to validate the value of SDNN in risk stratification for VAs in patients with ACM.



Conclusion

The present study suggests that HRV is impaired in patients with ACM, and the SDNN level has a moderate value in risk stratification for sVT in ACM patients. In addition, the finding might provide new target for the further management of ACM with integrated traditional Chinese and western medicine.
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Cardiotoxicity is a serious complication of cancer therapy. It is the second leading cause of morbidity and mortality in cancer survivors and is associated with a variety of factors, including oxidative stress, inflammation, apoptosis, autophagy, endoplasmic reticulum stress, and abnormal myocardial energy metabolism. A number of studies have shown that traditional Chinese medicine (TCM) can mitigate chemoradiotherapy-associated cardiotoxicity via these pathways. Therefore, this study reviews the effects and molecular mechanisms of TCM on chemoradiotherapy-related cardiotoxicity. In this study, we searched PubMed for basic studies on the anti-cardiotoxicity of TCM in the past 5 years and summarized their results. Angelica Sinensis, Astragalus membranaceus Bunge, Danshinone IIA sulfonate sodium (STS), Astragaloside (AS), Resveratrol, Ginsenoside, Quercetin, Danggui Buxue Decoction (DBD), Shengxian decoction (SXT), Compound Danshen Dripping Pill (CDDP), Qishen Huanwu Capsule (QSHWC), Angelica Sinensis and Astragalus membranaceus Bunge Ultrafiltration Extract (AS-AM),Shenmai injection (SMI), Xinmailong (XML), and nearly 60 other herbs, herbal monomers, herbal soups and herbal compound preparations were found to be effective as complementary or alternative treatments. These preparations reduced chemoradiotherapy-induced cardiotoxicity through various pathways such as anti-oxidative stress, anti-inflammation, alleviating endoplasmic reticulum stress, regulation of apoptosis and autophagy, and improvement of myocardial energy metabolism. However, few clinical trials have been conducted on these therapies, and these trials can provide stronger evidence-based support for TCM.

KEYWORDS
 cardio-oncology, cardiotoxicity, chemoradiotherapy, traditional Chinese medicine, pharmacology, alternative treatments


Introduction

Chemoradiotherapy has improved survival in patients with cancer; however, the resulting cardiotoxicity is a major cause of morbidity and mortality in the oncology population (1–3). In the United States, women have a significantly increased risk of death from cardiotoxicity, which exceeds the risk of death from cancer or recurrence, and it is the leading cause of death in patients over 50 years old with breast cancer (4). The cumulative incidence of chronic heart failure (CHF) 10 years after systemic therapy in Dutch patients with early-stage breast cancer was 4.8% (5). Anthracycline use in first-line lymphoma treatment is associated with a significantly increased incidence of CHF in Danish patients with lymphoma (6). The incidence of childhood cancer cardiotoxicity after anthracycline therapy in a multi-ethnic Asian population was 7%, of which 37.5% had CHF (7). Radiotherapy also causes cardiotoxicity, which has a 4–16% relative risk of heart disease and major cardiac events per Gray of the average cardiac radiation dose (8). Radiotherapy induces oxidative stress (OS) and matrix remodeling, which alters the cardiac microvascular and macrovascular environment and induces coronary artery disease, myocardial fibrosis, and cardiomyopathy, valvular disease, pericardial disease, and arrhythmias (9, 10); chemotherapies can cause cardiotoxicity through OS, lipid peroxidation, and inhibition of topoisomerase IIβ (Top2β), leading to cardiomyocytes (CMs) damage (11).

Cardiac oncology clinical practice guidelines define cardiotoxicity as (1) a relative decrease in overall longitudinal echocardiographic strain of >15% or a new increase in cardiac biomarkers in individuals with left ventricular ejection fraction (LVEF) ≥50%, (2) a decrease in LVEF to 40–49% (accompanied by a relative decrease in overall longitudinal echocardiographic strain of >15% or a decrease in LVEF of <10% and a new increase in new cardiac biomarkers), or (3) a decrease in LVEF to <40% (12). However, chemoradiotherapy not only affects resting LVEF but also has a wide range of effects on the entire cardiovascular system, including direct effects on cardiac structure (e.g., fibrosis), diastolic function, cardiac conduction and arrhythmias, systemic and pulmonary vascular function and hemodynamics, hemostasis and thrombosis, and cardiac response to injury and stress (13). Statins, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, and dexrazoxane are currently used clinically to prevent or reduce radiotherapy-related cardiotoxicity (14–21). However, these drugs do not significantly reduce the risk of cardiotoxicity; instead, they interfere with the antitumor properties and prognostic benefits of anthracyclines, increasing the incidence of secondary malignancies (11, 14, 18). Therefore, there is an urgent need to explore safer and more effective options.

TCM has been used in China for thousands of years to treat human diseases and has attracted widespread attention from other countries owing to its unique healing properties (22). In recent years, TCM has made contributions to global public health, such as artemisinin for treating malaria (23), arsenic trioxide for acute promyelocytic leukemia (24, 25), and played an important role in treating pneumonia associated with novel coronavirus disease 2019 (COVID-19) (26–30). In 2019, the World Health Organization included TCM as an accepted form of treatment in its International Statistical Classification of Diseases (ICD-11) for the first time in the 72nd World Health Assembly, reflecting the contribution of TCM to global healthcare (31). Cancer and cardiovascular diseases are two major maladies that pose a serious threat to human health, and cardiovascular toxicity caused by these cancer treatments poses a serious and specific threat to the health and survival of patients with cancer. Recent studies have shown that TCM can combat chemoradiotherapy-related cardiotoxicity without affecting the antitumor activity of the treatment (32). However, the mechanism of action of TCM for the treatment of chemoradiotherapy-related cardiotoxicity is not fully understood. Therefore, we summarize recent studies on the prevention and treatment of chemoradiotherapy-related cardiotoxicity by TCM and explain its mechanism to provide a basis for the prevention and treatment of chemoradiotherapy-related cardiotoxicity by TCM.



Molecular mechanisms of chemoradiotherapy-related cardiotoxicity and the therapeutic effects of traditional Chinese medicine

The pathogenesis of chemoradiotherapy cardiotoxicity is associated with multiple molecular pathways, with OS and inflammation being the most important pathways, along with apoptosis, autophagy, endoplasmic reticulum stress, and abnormal myocardial energy metabolism (Table 1, Figure 1).


TABLE 1 Protective effects and mechanisms of traditional Chinese medicine against chemoradiotherapy-related cardiotoxicity.
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FIGURE 1
 Role and molecular mechanism of traditional Chinese medicine in preventing cardiotoxicity associated with chemoradiotherapy (traditional Chinese medicine alleviates chemoradiotherapy-related cardiotoxicity by inhibiting oxidative stress, anti-inflammatory, regulating apoptosis and autophagy, inhibition of endoplasmic reticulum stress, and improves myocardial energy metabolism. OS, Oxidative stress; Noxs, NADPH oxidases; SOD, Superoxide dismutase; CAT, Catalase; GSH-PX, Glutathione; ROS, Reactive oxygen species; MDA, Malondialdehyde; TGF-β, Transforming growth factor-β; Smad, Small Mothers Against Decapentaplegic; Nrf2, Nuclear factor erythroid 2-related factor 2; STS, Tanshinone IIa sodium sulfonate; AS-AM, Angelica Sinensis and Astragalus membranaceus Bunge Ultrafiltration Extract; SAL, Salidroside; ISO, Isoorientin; AS-IV, Astragaloside IV; SOJ, Steroidal saponins extract from Ophiopogon japonicus (SOJ) root; XML, Xinmailong injection; RES, Resveratrol; QUE, Quercetin; ICA, Icariin; CMN, Curcumin; BC, β-carotene; Tan I, Tanshinone I; DSS, Danshensu; CDDP, Compound Danshen Dripping Pill; PAP-3.2KD, Pilose antler Peptide-3.2KD; SLJ, Shenlijia; SalB, Salvianolic acid B; Lut, Luteolin; TMYXP, Tongmai Yangxin Pills; NF-κB, Nuclear factor kappa-B; NLRP3, Sirtuin1 (Sirt1)-nod-like receptor protein 3; DHT, Dihydrotanshinone I; DXXK, Di'ao Xinxuekang capsule; SXT, Shengxian decoction; CAR, Cardamom; YQFM, Yiqi Fumai lyophilized injection; PQS, Panax quinquefolius; CA, Calycosin; RES, Resveratrol; MAPK, Mitogen-activated protein kinase; ERK, Extracellular signal-regulated kinases; JNK, C-Jun-terminal kinases; Bax, Bcl-2 associated X; Bcl-2, B-cell lymphoma-2; Fasl/TNF-α, Fas ligand/tumor necrosis factor-α; Caspases, Cysteine aspartate proteases; PI3K/AKT, phosphatidylinositol 3-kinase/serine-threonine protein kinase; AMPK, adenosine monophosphate-activated protein kinase; DBD, Danggui Buxue decoction; Rg1, ginsenoside Rg1; Rb1, ginsenoside Rb1; SMAE, Salvia miltiorrhiza aqueous extract; QYDP, Qishen Yiqi Dropping Pills; DB, Diethyl blechnic; SYKT, Sanyang Xuedai; SMI, Shenmai Injection; Cts, Cryptotanshinone; HG, Higenamine; OIE, Oroxylum; mTOR, Mechanistic Target Of Rapamycin; LC3, Light chain-3; Atg, Autophagy-related genes; QSHWC, Qishen Huanwu Capsule; QL, Qiliqiangxin; PERK, The stress protein kinase R-like endoplasmic reticulum kinase; ATF6, Activating transcription factor 6; CHOP:C/EBP homologous protein; BYD, Baoyuan decoction; PPAR, peroxisome proliferator-activated receptors).



Oxidative stress

OS refers to the imbalance of pro-oxidants and antioxidants and the disruption of redox signaling and control (33). The mitochondrial respiratory chain and nicotinamide adenine dinucleotide phosphate (NADPH) are the main cellular sources of reactive oxygen species (ROS) (34). NADPH oxidases (Noxs) are a group of plasma membrane-associated enzymes that are among the most important sources of ROS, Nox2 and Nox4 are the major cardiac isoforms (35), overexpression of Nox2 and Nox4 induces the production of ROS (36). Nuclear factor erythroid 2-related factor 2 (Nrf2) controls gene expression of endogenous antioxidant synthesis and ROS-eliminating enzymes in response to various electrophilic compounds, inactivates the negative regulator Kelch-like ECH-associated protein 1 (Keap1), and activates Nrf2 by overexpression of mitochondrial ROS (mtROS) and Nox2 and Nox4 (37). The role of antioxidant enzyme systems [superoxide dismutases (SODs), catalases (CAT), glutathione peroxidases (GPxs), and paraoxonases (PONs)] is to scavenge ROS (38), and oxidative damage occurs when ROS production exceeds the buffering capacity of ROS scavengers or when the antioxidant defense system is defective (39). Increased ROS also caused the development of myocardial fibrosis (MF) (40). Transforming growth factor-β (TGF-β) is a key factor in MF, and ROS is an immediate activator of TGF-β1.


Radiotherapy-induced oxidative stress

Oxidative stress and ROS may be the main cause of ionizing radiation (IR)-induced cardiotoxicity (41). IR leads to mitochondrial electron transport chain (ETC) dysfunction and ROS overproduction, causing DNA damage and protein and lipid peroxidation, the latter of which leads to the production of malondialdehyde (MDA) (39, 41–43); IR activates Noxs and inhibits SOD expression for ROS production and accumulation (44). Tissues and cells, which are 80% water, rapidly undergo OS responses after being targeted by ionizing radiation (45), forming water radiolysis products rich in ROS and releasing ROS (46). The late effects of radiotherapy are due to IR and IR-induced production of chronic free radicals from water molecules in the surrounding environment (47). STS significantly inhibits the increase of ROS and MDA content in H9C2 cells and cardiac fibroblasts (CFS) under X-ray radiation and increased the level of SOD (48, 49).

Myocardial fibrosis is a late manifestation of radiation-induced heart disease (RIHD) (50). The current studies showed that AS-AM, a DBD-derivative, downregulated TGF-β/Smad and COL-I expression in an X-ray-induced rat CFs fibrotic injury model (51–53) (Figure 2).
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FIGURE 2
 Traditional Chinese medicine alleviates cardiotoxicity associated with chemoradiotherapy by inhibiting oxidative stress (Noxs, NADPH oxidases; SOD, Superoxide dismutase; CAT, Catalase; GSH-PX, Glutathione peroxidase; ROS, Reactive oxygen species; MDA, Malondialdehyde; TGF-β, Transforming growth factor-β; Smad, Small Mothers Against Decapentaplegic; Nrf2, Nuclear factor erythroid 2-related factor 2; STS, Tanshinone IIa sodium sulfonate; AS-AM, Angelica Sinensis and Astragalus membranaceus Bunge Ultrafiltration Extract; SAL, Salidroside; ISO, Isoorientin; AS-IV, Astragaloside IV; SOJ, Steroidal saponins extract from Ophiopogon japonicus (SOJ) root; XML, Xinmailong injection; RES, Resveratrol; QUE, Quercetin; ICA, Icariin; CMN, Curcumin; BC, β-carotene; Tan I, Tanshinone I; DSS, Danshensu; CDDP, Compound Danshen Dripping Pill; PAP-3.2KD, Pilose antler Peptide-3.2KD; SLJ, Shenlijia; SalB, Salvianolic acid B; Lut, Luteolin; TMYXP, Tongmai Yangxin Pills).




Oxidative stress induced by anthracycline-based chemotherapeutic agents

Doxorubicin (DOX)-induced OS is thought to be a major cause of cardiotoxicity (54, 55). DOX alters myocardial ETC gene expression and translation in vivo, reducing the redox cycle of the ETC complex I, and generates large amounts of ROS (56). Disrupting this process, the salidroside (SAL) attenuates DOX-induced cardiac insufficiency by reducing ROS production and improving mitochondrial function (57, 58). Another TCM, isoorientin (3′,4′,5,7-tetrahydroxy-6-C-glucopyranosyl flavone) is a natural C-glycosyl flavonoid with strong free radical scavenging activity that reduces ROS, maintains mitochondrial function, and attenuates DOX-induced H9C2 CMs damage (59).

DOX induces Noxs activation, which leads to increased ROS production (60). The compound AS-IV attenuates DOX-induced Nox2 and Nox4 expression, OS, and cardiomyopathy in CMs (61). Nrf2 deficiency exacerbates DOX-induced cardiotoxicity and cardiac insufficiency (62–64). Playing a role in these pathways, Tanshinone I (Tan I) upregulated key proteins in the Nrf2 pathway to improve cardiac function and protect against both in vivo and in vitro DOX-induced myocardial structural damage in mice (65). Danshensu (DSS) effectively exerted anti-oxidative stress, anti-inflammatory, and anti-apoptotic therapeutic effects against DOX-induced cardiotoxicity by regulating the expression of Keap1-Nrf2/NQO1 (66). The CDDP activates Nrf2 expression to reduce the levels of ROS, MDA, and cardiac damage in mice (67). Dioscin, an extract from the rhizome of Dioscorea punctata, also inhibits myocardial oxidative damage by activating the Nrf2 pathway, lowers Keap1 expression, and attenuates cardiotoxicity (68).

DOX significantly reduces antioxidant enzyme levels, leading to redox imbalances and increased OS, but these effects can be treated with TCMs (69). Steroidal saponins extract from Ophiopogon japonicus (Thunb.) Ker Gawl root (SOJ) increased SOD, CAT, and GSH-Px activities and decreased MDA in rat myocardial tissue by inhibiting OS (70). In H9C2 cells, XML decrease DOX-induced MDA content, enhance SOD activity, increase ROS scavenging, and attenuate cardiotoxicity (71); RES reduced DOX-induced ROS content and improved cell survival, the effect of RES against DOX cardiotoxicity was comparable to that of dexrazoxane and carvedilol (72); additionally, crocin can reduce ROS, MDA and total oxidant status (TOS) levels, increase total antioxidant capacity (TAC), mitigation of DNA damage (73).

DOX both activated the TGF-β and P-Smad3 signaling pathways and enhanced collagen deposition in CMs (74), inducing MF development. Pilose antler peptide-3.2KD (PAP-3.2KD) has multiple biological activities in cardiomyopathy and reverses histological changes in cardiac tissue by decreasing TGF-β1, Smad2/3/4, and P-Smad2/3 levels, elevating Smad7 protein levels, thereby regulating pathological changes in the TGF-β/Smad signaling pathway, such as myofascial disorders, MF, and diffuse CMs edema (75). Shenlijia (SLJ) can improve cardiac function and inhibit MF progression. It improves cardiac function and ultrastructure, and inhibits MF development in DOX-induced CHF rats by upregulating extracellular matrix-metalloproteinase inhibitor (TIMP) expression (76) (Figure 2).



Oxidative stress induced by non-anthracycline chemotherapeutic agents

Aside from DOX, non-anthracycline chemotherapeutic agents, such as cyclophosphamide (CyC) and cisplatin (CP), cause cardiotoxicity by inducing mitochondrial dysfunction, leading to ETC damage, oxidative phosphorylation, decreased antioxidant enzyme levels and antioxidant capacity, increased ROS, activate Nrf2 and induce apoptosis (77).

CyC, an alkylating agent, combined with DOX is the most commonly used regimen for triple-negative breast cancer chemotherapy. CyC cardiotoxicity is caused by OS. Quercetin (QUE) has strong antioxidant activity and attenuates CyC-induced cardiotoxicity by inhibiting ROS accumulation in CMs; interestingly, it also enhances the antitumor activity of CyC (78). Another TCM that combats CyC-effects, chrysin increases enzyme levels that combat ROS and decreases levels of lipid peroxidation products in CyC-injured hearts, all of which protect against cardiotoxicity (79).

CP is another alkylating agent. Curcumin (CMN) has strong antioxidant effects, and when combined with β-carotene (BC), reduces lipid peroxidase product and increases anti-OS enzyme activities in CP-treated rat heart tissue (80). An additional CMN combination with piperine significantly increases anti-OS enzyme levels in the cardiac tissue of CP-treated rats (81, 82). Icariin (ICA) and rutin, attenuated CP-induced myocardial injury by increasing anti-OS enzyme and decreasing lipid peroxidase product levels (83, 84). QUE, salvianolic acid B (SalB), and luteolin (Lut) significantly reduced CP-induced OS by regulating Nrft2 signaling pathways (85–88). The 11-herbs combination treatment, Tongmai Yangxin Pills (TMYXP), nourish Qi and Yin, promoting blood circulation, relieving pain, and can improve the anti-OS ability of CP chemotherapy CMs by regulating Nrf2/HO-1 pathway and p38 MAPK pathway (89) (Figure 2).

OS is an important cause of disease, and this is no exception in cardiotoxicity due to chemoradiotherapy. Radiotherapy leads to increased ROS and MDA levels, decreased SOD levels, and upregulated TGF-β1 expression leading to MF, and STS and AS-AM can reverse these damages; chemotherapy leads to increased endogenous ROS production and decreased antioxidant enzyme expression, and the above-mentioned chemotherapy drugs counteract DOX-induced cardiotoxicity by reducing ROS production, inhibiting Nox2 and Nox4 overexpression, regulating Nrf2 function, and the above TCM counteracted DOX-induced cardiotoxicity by reducing ROS production, inhibiting Nox2 and Nox4 overexpression, regulating Nrf2 function, and increasing antioxidant enzyme content. However, there are few studies on the mechanism of radiotherapy-related cardiotoxicity in TCM, and there is a lack of studies on important factors and pathways such as Noxs and Nrf2. In the studies on chemotherapy-related cardiotoxicity, there are no studies on Top2β, which is a key factor leading to cardiotoxicity. In the future, more and more in-depth studies on key targets are needed.




Inflammation

Inflammation is another important factor in chemotherapy drug-related cardiotoxicity and is related to OS. Nuclear factor kappa-B (NF-κB) is a key transcription factor in the inflammatory response, sirtuin1 (Sirt1)-nod-like receptor protein 3 (NLRP3) inflammatory vesicles are protein complexes that activate the secretion of the pro-inflammatory cytokine interleukin (IL)-1β in a cysteine aspartate proteases (caspases)-1-dependent manner and are involved in inflammatory regulation. DOX activates NF-κB and NLRP3 inflammatory vesicles, causing cardiotoxicity (90, 91).

Dihydrotanshinone I (DHT) upregulates transcription factor EB (TFEB) nuclear expression and decreases p-IKKα/β and p-NF-κB expression, and is used for anti-inflammatory management of DOX induced cardiotoxicity via the mammalian target of rapamycin (mTOR)-TFEB-NF-κB signaling pathway (92). The main component of Di'ao Xinxuekang capsule (DXXK) is diosgenin, protects against cardiotoxicity by reducing ROS and downregulating NF-κB p65 (93). Shengxian decoction (SXT) inhibits NF-κB activity, thus preventing cardiotoxicity from DOX treatment (94). Cardamom (CAR) decreased cardiac NF-κB levels ameliorating DOX-induced cardiotoxicity in rats (95). In DOX-induced cardiotoxicity in rats, CMN showed anti-inflammatory potential by reducing IFN-γ levels and immune expression of iNOS, NF-κB, and tumor necrosis factor-α(TNF-α) (96). Yiqi Fumai lyophilized injection (YQFM) pretreatment of DOX-intoxicated rats significantly inhibited the expression of NF-κB, TNF-α, and cyclooxygenase-2 (97). Saponins from the leaves of Panax quinquefolius (PQS) inhibit NF-κB activity and disrupt the phosphatidylinositol 3 kinase (PI3K) /protein kinaseB(AKT) (PI3K/Akt)apoptotic pathway, thus preventing cardiotoxicity from CP treatment (98).

In DOX-treated cells and mouse hearts, levels of NLRP3 and related proteins were elevated, and calycosin (CA) ameliorated cardiotoxicity via the NLRP3 pathway (99). Resveratrol (RES) inhibition of NLRP3 inflammatory vesicle activation significantly reduced systemic inflammation and contributed to the improvement of DOX-induced myocardial injury and late-onset hypertension-induced cardiomyopathy in young mice (100) (Figure 3).
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FIGURE 3
 Traditional Chinese medicine alleviates cardiotoxicity associated with chemoradiotherapy by anti-inflammatory (NF-κB, Nuclear factor kappa-B; NLRP3, Sirtuin1 (Sirt1)-nod-like receptor protein 3; DHT, Dihydrotanshinone I; DXXK, Di'ao Xinxuekang capsule; SXT, Shengxian decoction; CAR, Cardamom; CMN, Curcumin; YQFM, Yiqi Fumai lyophilized injection; PQS, Panax quinquefolius; CA, Calycosin; RES, Resveratrol).


Among the inflammatory mechanisms, TCM for cardiotoxicity involves only two pathways, NF-κB and NLRP3, but other inflammatory pathways such as STAT1 and STAT3 also play important roles in the development of cardiotoxicity and should be of interest to investigators.



Apoptosis
 
Radiotherapy-induced apoptosis

The mitogen-activated protein kinase (MAPK) pathway is a common signaling pathway that transmits extracellular signals to downstream effector molecules and is involved in physiological processes such as cell proliferation, differentiation, and apoptosis (101), which consists of three branches: MAPK, extracellular signal-regulated kinases (ERKs) and c-Jun-terminal kinases (JNKs) (102). The p53 pathway is another critical pro-apoptotic pathway. P53 upregulates the pro-apoptosis B-cell lymphoma-2(Bcl-2) associated X(Bax) protein, downregulates the anti-apoptosis protein Bcl-2, and activates the transcription of Fas and other death receptor genes (103). Additionally, IR-induced DNA damage initiates apoptosis through a p53-dependent mechanism that activates downstream caspases (104). STS can disrupt the p53 pathway in CFs by decreasing the phosphorylation levels of p38, caspases 3 expression, and increasing the levels of Bax and phosphorylated ERK1/2 (49). DBD can reduce Fas ligand (Fasl) and TNF-α expression, block apoptotic signaling pathways, and attenuate radiological myocardial injury in CMs (105) (Figure 4).
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FIGURE 4
 Traditional Chinese medicine alleviates cardiotoxicity associated with chemoradiotherapy by reducing apoptosis (MAPK, Mitogen-activated protein kinase; ERK1/2, Extracellular signal-regulated kinases1/2; JNKs, C-Jun-terminal kinases; Bax, Bcl-2 associated X; Bcl-2, B-cell lymphoma-2; Fasl/TNF-α, FasLigand/tumor necrosis factor-α; Caspases, Cysteine aspartate proteases; PI3K/AKT, Phosphatidylinositol 3-kinase/serine-threonine protein kinase; AMPK, Adenosine monophosphate-activated protein kinase; STS, Tanshinone IIa sodium sulfonate; DBD, Danggui Buxue decoction; Rg1, ginsenoside Rg1; Rb1, ginsenoside Rb1; SMAE, Salvia miltiorrhiza aqueous extract; SalB, Salvianolic acid B; QYDP, Qishen Yiqi Dropping Pills; AS-AM, Angelica Sinensis and Astragalus membranaceus Bunge Ultrafiltration Extract; DB, Diethyl blechnic; SYKT, Sanyang Xuedai; SMI, Shenmai Injection; Cts, Cryptotanshinone; RES, Resveratrol; HG, Higenamine; OIE, Oroxylum).




Anthracycline-based chemotherapy-induced apoptosis

DOX activates endogenous pathways and exogenous pathways of apoptosis (60). DOX downregulates the Akt pathway, induces caspases activity, and upregulates cell death receptors, all leading to CMs apoptosis (74). Blocking that impact, ginsenoside Rg1 increased Akt and ERK pathway phosphorylation, the ratio of Bcl-2 and Bax, and reduced Cytochrome C (Cyt-c) release from the mitochondria, thus disrupting DOX-induced CMs apoptosis (106). Additionally, ginsenoside Rb1 decreased caspase-3 and caspase-8 activity and blocked apoptosis in H9C2 cells (107). Salvia miltiorrhiza aqueous extract (SMAE) modulated ERK/p53/Bcl-xL/caspase-3 signaling pathway and improved mitochondrial dysfunction, significantly alleviating DOX-induced cardiomyopathy and apoptosis, and simultaneous administration of DOX and SMAE significantly inhibited the growth of breast cancer cells (108). SalB promoted Bcl-2 expression and attenuated DOX-induced apoptotic damage in cardiac tissue (109). Qishen Yiqi Dropping Pills (QYDP) increased vascular endothelial growth factor levels, myocardial microvascular density, and Bax expression, while it downregulated Bcl-2 and caspase 3 and attenuated MF in DOX-treated mice (110). AS-AM downregulated Bax, caspase 3, and caspase 12 and upregulated Bcl-2 expression. It also decreased apoptosis by inhibiting the intrinsic apoptotic pathway (111–113). Paeonol increased the viability and mitochondrial membrane potential (MMP) of DOX-induced CMs, upregulated the expression of Bcl-2 and mitochondrial Cyt c, downregulated the expression of Bax, caspase-3, and cytoplasmic-Cytc, and reduced apoptosis and ROS (114).

Members of the MAPK superfamily and PI3K are specifically involved in the induction of apoptosis and impairment of contractile function (102, 115). Panax ginseng glycoprotein protected against myocardial injury by inhibiting CMs apoptosis by upregulating the MAPK pathway (116). Diethyl blechnic (DB) activated the JNK1/2 pathway to protect CMs from cytotoxicity (117). Sanyang Xuedai (SYKT) has antioxidant properties and attenuates cardiotoxicity by inhibiting p53 and MAPK-induced apoptosis (118, 119). In a network pharmacology study, SMI increased PI3KCA and AKT1 expression, thus preventing CMs apoptosis (120). SMI reduced DOX-induced Bax/Bcl-2 and Caspase-3 levels and increased PI3K, p-Akt, and phosphorylated glycogen synthase kinase 3 beta (p-GSK-3β) levels in C57BL/6 mice. Similarly, cryptotanshinone (Cts) attenuated apoptosis via the Akt-GSK-3β-mPTP pathway (121).

AMP-activated protein kinase (AMPK) is at the center of DOX-induced cardiotoxicity. DOX has an inhibitory effect on cardiac AMPK, which increases cardiotoxicity (122). SMI increased AMPK phosphorylation levels, preventing DOX-induced excessive mitochondrial ROS generation, decreasing mitochondrial membrane potential, and reducing DOX-injured H9C2 cells from apoptosis (123). RES and matrine attenuated CMs apoptosis via the AMPK pathway (124, 125). Higenamine, the main active component of the TCM Wu-Tou, also attenuates DOX-induced cardiac remodeling and myocyte apoptosis by suppressing AMPK activation (126) (Figure 4).



Non-anthracycline-based chemotherapy-induced apoptosis

Oroxylum indicum extract (OIE) significantly reduces caspase-3 and protease activity in the hearts of DOX- and CP-treated C57BL/6 J mice (127). Maltol (produced by heating Panax ginseng) enhanced PI3K/Akt expression levels and reduced CP-induced apoptosis in H9C2 cardiomyocytes during cisplatin treatment (128) (Figure 4).

Radiotherapy induced the activation of MAPK and P53-dependent apoptotic pathways, and STS and DBD inhibited apoptosis through P53 and Fas/TNF-α pathways; studies on the inhibition of chemotherapy-induced cardiomyocyte apoptosis by TCM mainly focused on apoptosis-related genes such as Bax, Bcl-2, and MAPK and AMPK pathways. Other apoptotic pathways, such as the mitochondrial apoptosis pathway, have not been as thoroughly investigated, which may suggest a direction for future research.




Autophagy

Autophagy is a major regulator of homeostasis and heart function (129, 130). DOX regulates upstream regulatory processes of autophagy, such as mTOR and AMPK, and PI3K is also hyperactivated in a rat model of DOX cardiotoxicity (131). PI3K CI activates AKT, and activated AKT1 further activates mTORCl; mTORC2 is a bidirectional regulator of autophagy. mTORC2 indirectly inhibits autophagy through the AKT1/FOXO3a axis, and activated AKT1 leads to translocation of FOXO3 from the nucleus, thereby inhibiting autophagy-associated genes microtubule-associated protein light chain-3 (LC3) transcription (132). Activated AMPK directly promotes autophagy by phosphorylating mTORC1, ULK1, and autophagy-associated proteins in the PIK3C3/VPS34 complex (133).

TCMs can disrupt the ability of DOX to induce autophagy. DBD activated the PI3K pathway to inhibit CM autophagy in mice (134). QSHWC consists of 19 TCMs. Network pharmacological studies revealed that QSHWC contains 35 major active ingredients that can reduce the cardiotoxicity of anthracyclines by regulating PI3K/Akt, MAPK, FOXO, and other signaling pathways to regulate cellular autophagy and reduce the cardiotoxicity of anthracyclines (135), QSHWC downregulated pirarubicin-induced LC3, and played a cardioprotective role by inducing PI3K, AKT, and mTOR phosphorylation and pathway activation (136). Qiliqiangxin (QL), a compound used in TCM, protected against cardiotoxicity by deactivating the PI3K/AKT/mTOR pathway to inhibit autophagy (137). The protective effect of RES against DOX cardiotoxicity is largely dependent on its ability to regulate autophagy through the AMPK/mTOR/Ulk1 signaling pathway (138).

Beclin 1 was identified as a Bcl-2-interacting protein that is essential for autophagy (139). DOX-induced mitochondrial autophagy was evidenced by increased Beclin 1, LC3, decreased p62, and co-localization of LC3 in mitochondria (140). LC3 is associated with the development and maturation of autophagic vesicles (141). SMI inhibited excessive myocardial autophagy by downregulating Beclin1 expression and attenuated DOX-induced myocardial injury (142), in an in vitro model of DOX-induced cardiotoxicity and also attenuated myocardial cell damage by deactivating the JNK signaling pathway and blocking autophagy formation (143). Ginsenoside Rg1 reduced DOX-induced LC3, autophagy-related genes (Atg) 5, and Beclin 1 expression and improved cardiac insufficiency (144). CA exerted cardioprotective effects through Atg7 by promoting autophagic vesicle formation in a DOX-induced zebrafish embryonic heart injury model (145). XML reduced Beclin 1 and Atg7 accumulation, upregulated protein kinase B (PKB)/Akt, PI3K, and Bcl-2 levels, and inhibited autophagy to alleviate cardiomyopathy (146) (Figure 5).
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FIGURE 5
 Traditional Chinese medicine alleviates cardiotoxicity associated with chemoradiotherapy by regulating autophagy (PI3K/AKT/mTOR, phosphatidylinositol 3-kinase/serine-threonine protein kinasem/Mechanistic Target Of Rapamycin; AMPK/mTOR/Ulk1, Adenosine monophosphate-activated protein kinase/Mechanistic Target Of Rapamycin /Unc-51-like autophagy activated kinase; LC3, Light chain-3; Atg, Autophagy-related genes; DBD, Danggui Buxue decoction; QSHWC, Qishen Huanwu Capsule; QL, Qiliqiangxin; RES, Resveratrol; SMI, Shenmai Injection; Rg1, Ginsenoside Rg1; CA, Calycosin; XML, Xinmailong injection).


DOX induces autophagy through activation of PI3K/AKT/mTOR, and AMPK/mTOR key pathways as well as autophagy-related genes such as Beclin 1, LC3, and Atg. TCM regulates autophagy through these pathways and alleviates DOX-induced cardiotoxicity. In addition to these mechanisms, whether non-coding RNAs regulate autophagy, epigenetics of autophagy, protein modification and autophagy activation, and other important transcription factors such as FOXO, E2F, and TFEB, which are involved in the regulation of autophagy, can become new targets of anti-DOX cardiotoxicity in TCM, needs to be confirmed by a large number of studies, which also provides us with a direction for future research.



Endoplasmic reticulum stress

DOX can cause marked endoplasmic reticulum (ER) expansion in the human heart (147), upregulating the stress protein kinase R-like endoplasmic reticulum kinase (PERK), C/EBP homologous protein (CHOP), and activating transcription factor 6 (ATF6) in cardiac tissue (148). Baoyuan decoction reduced glucose regulated protein78 (GRP78), PERK, eukaryotic translation initiation factor 2-alpha (eIF2α), and CHOP protein and mRNA expression and ameliorated DOX-induced myocardial injury by inhibiting CMs apoptosis by downregulating the endoplasmic reticulum stress (ERS) apoptotic pathway (149) (Figure 6).
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FIGURE 6
 Traditional Chinese medicine alleviates cardiotoxicity associated with chemoradiotherapy by inhibiting endoplasmic reticulum stress (ERS, Endoplasmic reticulum stress; PERK, The stress protein kinase R-like endoplasmic reticulum kinase; ATF6, Activating transcription factor 6; CHOP:C/EBP homologous protein; BYD, Baoyuan decoction).


Studies on the mitigation of cardiotoxicity by TCM through ERS are limited and restricted to three pathways of ERS itself. In fact, many cellular processes including inflammation, apoptosis, and autophagy are regulated by the ERS pathway, and the importance of ER and its signaling pathways in inflammation, apoptosis, and autophagy in DOX-induced cardiotoxicity suggests that it may be a key factor in reducing DOX-induced cardiotoxicity (148).



Myocardial energy metabolism

DOX impairs most of the processes of myocardial energy metabolism through oxidative phosphorylation, the mitochondrial respiratory chain, and the AMPK signaling pathway, leading to significant downregulation of AMPKα2, peroxisome proliferator-activated receptors α (PPARα), and the peroxisome proliferator-activated receptor γ-coactivator 1α (PGC-1α) expression and affecting cardiac function (150, 151). QUE regulates the AMPK signaling pathway by promoting AMPKα2, PPARα, and PGC-1α expression to improve myocardial energy metabolism and prevent DOX-induced cardiac damage in rats (152). Astragalus membranaceus Bunge promotes fatty acid metabolism and activates PPARγ in DOX-induced heart failure in mice to maintain fatty acid homeostasis in H9C2 cells, thereby alleviating myocardial injury (153). Taraxacum mongolicum Hand.-Mazz. aqueous extract can activate P-glycoprotein in the cardiac tissue of triple-negative breast cancer patients and ameliorate DOX-induced cardiotoxicity (154) (Figure 7).
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FIGURE 7
 Traditional Chinese medicine alleviates cardiotoxicity associated with chemoradiotherapy by regulating myocardial energy metabolism (AMPK, adenosine monophosphate-activated protein kinase; PPAR, peroxisome proliferator-activated receptors; QUE, Quercetin).


Although the oxidation of mitochondrial fatty acids and carbohydrates is the main source of ATP production in the heart, the oxidation of other energy substrates, such as ketones and branched-chain amino acids, also contributes to energy production (155), and the use of TCM to improve myocardial energy metabolism to alleviate cardiotoxicity may be a promising research direction.




Discussion

The field of oncological cardiology formed due to the realization that cancer treatment-related cardiovascular disease is a major challenge for both cardiologists and oncologists (156). Aging populations and advances in diagnosis and treatment have improved survival rates for patients with cancer (157) but have also increased the incidence of cancer treatment-related cardiotoxicity (158). Cardiotoxicity is the result of a combination of mechanisms, and there are no effective western drugs that can reverse this damage. TCMs are unique in the treatment of chemoradiotherapy-related cardiotoxicity because of their single-target superposition, multi-target synergy, toxicity dispersion effects in many potent forms, and their ability to weaken their own toxicity (159). This paper summarizes six important mechanisms of TCM in the treatment of chemoradiotherapy-related cardiotoxicity: anti-OS and inflammation, regulation of apoptosis and autophagy, alleviation of ERS, and improvement of myocardial energy metabolism. The molecules and pathways involved include ROS, Noxs, Nrf2, TGF-β/Smad, NF-κB, NLRP3, P53, PI3K/AKT, MAPK, AMPK, PI3K/AKT/mTOR, AMPK/mTOR/Ulk1, Beclin1, LC3, Atg, ERS Pathway, ATP, ADP and PPAR, showing that the broad role and good effect of TCM in the treatment of chemoradiotherapy-related cardiotoxicity.

Among the many anti-cardiotoxic TCMs summarized in this paper, some drugs have attracted our attention, including various extracts and active ingredients of Salvia miltiorrhiza: STS, Tan I, DSS, SalB, DHT, danshensu, Cts, DB, CDDP; Astragalus membranaceus Bunge and its extracts AS-IV and CA; active ingredients of Panax ginseng: Ginsenoside Rg1, Ginsenoside Rb1, Panax ginseng glycoproteins, and Maltol. Soup containing Angelica sinensis DBD and AS-AM. Salvia miltiorrhiza is a well-known herb with a wide range of cardiovascular protective effects. Previous studies have shown that the lipophilic components (tanshinone I, tanshinone IIa, tanshinone IIb, cryptotanshinone, dihydrotanshinone, etc.) and the hydrophilic components (danshensu, salvianolic acid A and B, protocatechuic aldehyde, etc.) are involved in the cardioprotective effects of Salvia miltiorrhiza (160). Tanshinone IIA (Tan IIa) is a lipid-soluble compound isolated from the traditional Chinese medicine Salvia miltiorrhiza (161), and STS is a water-soluble derivative of Tan IIa (162), which can effectively inhibit the interaction between DNA and intracellular lipid peroxidation products (163) and can alleviate cardiotoxicity by anti-OS and reducing apoptosis. Astragalus membranaceus Bunge is the holy medicine of supplement Qi, which has the effect of supplement Qi, raising Yang, nourishing the Wei Qi, and fixing the surface. Eight key components in Astragalus membranaceus Bunge, including hederagenin, quercetin, calycosin, formononetin, jaranol, isorhamnetin, astragaloside III, and 9,10-dimethoxypterocarpan-3-O-β-D-glucoside, are involved in lipid metabolism, programmed cell death, fatty acid metabolism, which produce the ability to regulate the body's immune function, strengthen the heart, protect CM, improve substance metabolism (164), AS-IV is a cyclic aromatic triterpene glycoside compound, which is one of the main active components of Astragalus membranaceus Bunge and has good antioxidant activity (165), and can alleviate cardiotoxicity by anti-OS and improving myocardial energy metabolism. Panax ginseng is a widely used herb in the world, containing more polysaccharides and amino acids, with better protective effects against cardiovascular diseases, neurological diseases, cancer, and diabetes (166). Ginsenosides are the main active components of ginseng, which can reduce cardiotoxicity through anti-OS, reduce apoptosis and regulate autophagy. Angelica sinensis is one of the most popular traditional TCM, which has long been used as a blood tonic and blood activator, pain reliever, laxative, and treatment of female menstrual disorders and amenorrhea. It contains polysaccharides, ligustrolactone, ferulic acid, and other bioactive components, with antioxidant, anti-inflammatory, anti-fibrotic, and cardiocerebrovascular protective effects (167). DBD is a classical formula in TCM to supplement Qi and replenish blood. It is composed of Astragalus membranaceus Bunge and Angelica sinensis in a 5:1 ratio, and DBD and its extract AS-AM alleviate cardiotoxicity through various pathways such as anti-OS, inhibition of apoptosis and TGF-β overexpression, and reduction of autophagy. In conclusion, Salvia miltiorrhiza, Astragalus membranaceus Bunge, Panax ginseng, and Angelica sinensis are important TCMs against cardiotoxicity and should be given more attention.

Although significant progress has been made in exploring the molecular mechanisms of TCM against chemoradiotherapy-related cardiotoxicity, research on TCM against cardiotoxicity is still facing some problems and shortcomings. (1) The studies on the anti- chemoradiotherapy-related cardiotoxicity of TCM are limited to OS, inflammation, apoptosis, autophagy, ERS, and myocardial energy metabolism, but other important mechanisms such as Top2β have not been addressed, and many investigations into TCM have only studied one of these mechanisms, which is not conducive to our comprehensive understanding of the mechanisms of anti-cardiotoxicity of TCM. (2) Most of the studies were focus on chemotherapy-induced cardiotoxicity (particularly anthracyclines), and fewer studies were done on radiotherapy and non-anthracyclines. Among the six mechanisms summarized in this paper, only two mechanisms of OS and apoptosis were involved in radiotherapy, and even fewer in non-anthracyclines. However, the cardiotoxicity caused by radiotherapy and non-anthracycline drugs is worthy of attention, such as myocarditis caused by immune checkpoint inhibitors and the decrease of LVEF caused by arsenic trioxide, which may be alleviated by TCM, and this also broadens the idea of research on the effects of TCM on anti-radiotherapy cardiotoxicity. (3) Most of the studies on anti-cardiotoxicity of TCM are limited to the cellular level and animal trials, and till date, only a few clinical control studies have been conducted, with small sample size and irregular design, and the reproducibility of many therapies and prescriptions is poor. (4) The specific medicinal components and active parts of some herbal monomers, extracts, and compounds are not clear, and their targets are unknown, so high-performance liquid chromatography and mass spectrometry may be needed to identify the drug components and lay a clearer material basis for pharmacological research. (5) There is a lack of knowledge about the safety of TCM and their interactions with western drugs, which also limits the applications of TCM. (6) TCM emphasizes both a holistic view of the body and evidence-based treatment; patients with similar symptoms may be treated with different drugs because they suffer from different conditions, which requires the establishment of a systematic set of diagnostic and therapeutic criteria for better clinical treatment and research. (7) This paper only includes the studies on the cardiotoxicity caused by radiotherapy, anthracycline chemotherapy and two non-anthracycline chemotherapy drugs, CP and cyc, but not the studies on the cardiotoxicity caused by other drugs, such as immune checkpoint inhibitors (ICIs), arsenic trioxide and targeted chemotherapy drugs, which may make this study less comprehensive.

In addition to cardiotoxicity caused by radiotherapy and classical chemotherapeutic agents, ICIs, arsenic trioxide, and other antineoplastic agents may cause cardiotoxicity. ICIs, a unique antibody-based therapeutic strategy that has revolutionized the treatment landscape for solid and hematologic cancers, has been shown in a growing number of preclinical studies to trigger myocardial inflammation, and the incidence of cardiotoxicity in ICIs therapy may be underestimated (168). Cardiac immune-associated adverse events are rare but potentially fatal complications of immunotherapy with various potential risk factors, such as combinations of different ICIs (169). No studies related to the cardiotoxicity of TCM on ICIs have been retrieved, but this may be a neglected area of study. For TCM treatment of arsenic trioxide-induced cardiotoxicity, relatively few studies were found. One such studies indicated that crocin ameliorates arsenic trioxide-induced cardiotoxicity by reducing OS, inflammation, and apoptosis (170, 171), magnesium isoglycyrrhizinate attenuates via Nrf2 and TLR4/NF-κB signaling pathways arsenic trioxide-induced cardiotoxicity (172). In addition, microRNAs and non-coding RNAs are also involved in the pathogenesis of radiotherapy-associated cardiotoxicity (173–175), mitochondrial fusion (176), and cellular scorching (177). It is also a hot topic of current research that TCM can exert anti-cardiotoxic effects through these pathways, and we look forward to seeing more of these findings.



Conclusion

Cardiotoxicity development is the result of a combination of mechanisms. In recent years, the benefits of TCM in chemoradiotherapy-related cardiotoxicity have become evident. Herbal monomers, such as AS-IV and STS, herbal decoction, such as DBD and SXT, or compound preparations, such as SMI and QSHWC, can protect CMs through antioxidation, anti-inflammation, regulating autophagy and apoptosis, inhibiting ERS, and improving myocardial energy metabolism, and play a role in reducing anti-radiotherapy-related cardiotoxicity. Moreover, TCM is a promising drug for treating chemoradiotherapy-related cardiotoxicity, both guided by TCM theory and supported by modern research. However, our conclusions are based on numerous basic, smaller experiments and lack the results of large-scale clinical trials. We look forward to more relevant randomized controlled trials to show the benefits of TCM on chemoradiotherapy-related cardiotoxicity.



Author contributions

X-FL, R-QW, Y-DL, KL, and X-KZ designed the study. X-FL, XG, XW, and X-DZ acquired and researched the data for the article. C-LP, C-ZR, and Q-LC discussed its content. X-FL wrote the manuscript. C-LP, W-JL, and T-YB revised the manuscript. All authors read and approved the final manuscript.



Funding

This work was partly supported by the National Natural Science Foundation of China (No. 81873132), the Science and Technology Innovation Project of Gansu Provincial Education Department (No. 2021jyjbgs-03), and the Gansu Provincial Scientific Research Project on Prevention and Treatment of Major Diseases in Traditional Chinese Medicine (No. GZKZD-2018-02).



Acknowledgments

We thank all those who are committed to TCM and chemoradiotherapy-related cardiotoxicity.



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.



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.



References

 1. Zamorano JL, Lancellotti P, Rodriguez Muñoz D, Aboyans V, Asteggiano R, Galderisi M, et al. 2016 ESC position paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC committee for practice guidelines: the task force for cancer treatments and cardiovascular toxicity of the European society of cardiology (ESC). Eur Heart J. (2016) 37:2768–801. doi: 10.1093/eurheartj/ehw211

 2. de Boer RA, Aboumsallem JP, Bracun V, Leedy D, Cheng R, Patel S, et al. A new classification of cardio-oncology syndromes. Cardiooncology. (2021) 7:24. doi: 10.1186/s40959-021-00110-1

 3. Kostakou PM, Kouris NT, Kostopoulos VS, Damaskos DS, Olympios CD. Cardio-oncology: a new and developing sector of research and therapy in the field of cardiology. Heart Fail Rev. (2019) 24:91–100. doi: 10.1007/s10741-018-9731-y

 4. Curigliano G, Cardinale D, Dent S, Criscitiello C, Aseyev O, Lenihan D, et al. Cardiotoxicity of anticancer treatments: epidemiology, detection, and management. CA Cancer J Clin. (2016) 66:309–25. doi: 10.3322/caac.21341

 5. Jacobse JN, Schaapveld M, Boekel NB, Hooning MJ, Jager A, Baaijens MHA, et al. Risk of heart failure after systemic treatment for early breast cancer: results of a cohort study. Breast Cancer Res Treat. (2021) 185:205–14. doi: 10.1007/s10549-020-05930-w

 6. Baech J, Hansen SM, Lund PE, Soegaard P, Brown PN, Haaber J, et al. Cumulative anthracycline exposure and risk of cardiotoxicity; a Danish nationwide cohort study of 2440 lymphoma patients treated with or without anthracyclines. Br J Haematol. (2018) 183:717–26. doi: 10.1111/bjh.15603

 7. Tan VZZ, Chan NM, Ang WL, Mya SN, Chan MY, Chen CK. Cardiotoxicity after anthracycline chemotherapy for childhood cancer in a multiethnic Asian population. Front Pediatr. (2021) 9:639603. doi: 10.3389/fped.2021.639603

 8. Bergom C, Bradley JA, Ng AK, Samson P, Robinson C, Lopez-Mattei J, et al. Past, present, and future of radiation-induced cardiotoxicity: refinements in targeting, surveillance, and risk stratification. JACC CardioOncol. (2021) 3:343–59. doi: 10.1016/j.jaccao.2021.06.007

 9. Quintero-Martinez JA, Cordova-Madera SN, Villarraga HR. Radiation-induced heart disease. J Clin Med. (2021) 11:146. doi: 10.3390/jcm11010146

 10. Kirova Y, Tallet A, Aznar MC, Loap P, Bouali A, Bourgier C. Radio-induced cardiotoxicity: from physiopathology and risk factors to adaptation of radiotherapy treatment planning and recommended cardiac follow-up. Cancer Radiother. (2020) 24:576–85. doi: 10.1016/j.canrad.2020.07.001

 11. Saleh Y, Abdelkarim O, Herzallah K, Abela GS. Anthracycline-induced cardiotoxicity: mechanisms of action, incidence, risk factors, prevention, and treatment. Heart Fail Rev. (2021) 26:1159–73. doi: 10.1007/s10741-020-09968-2

 12. Leong DP, Lenihan DJ. Clinical practice guidelines in cardio-oncology. Heart Fail Clin. (2022) 18:489–501. doi: 10.1016/j.hfc.2022.02.002

 13. Lenneman CG, Sawyer DB. Cardio-oncology: an update on cardiotoxicity of cancer-related treatment. Circ Res. (2016) 118:1008–20. doi: 10.1161/CIRCRESAHA.115.303633

 14. Obasi M, Abovich A, Vo JB, Gao Y, Papatheodorou SI, Nohria A, et al. Correction to: statins to mitigate cardiotoxicity in cancer patients treated with anthracyclines and/or trastuzumab: a systematic review and meta-analysis. Cancer Causes Control. (2021) 32:1407–9. doi: 10.1007/s10552-021-01495-1

 15. Obasi M, Abovich A, Vo JB, Gao Y, Papatheodorou SI, Nohria A, et al. Statins to mitigate cardiotoxicity in cancer patients treated with anthracyclines and/or trastuzumab: a systematic review and meta-analysis. Cancer Causes Control. (2021) 32:1395–405. doi: 10.1007/s10552-021-01487-1

 16. Atkins KM, Bitterman DS, Chaunzwa TL, Williams CL, Rahman R, Kozono DE, et al. Statin use, heart radiation dose, and survival in locally advanced lung cancer. Pract Radiat Oncol. (2021) 11:e459–67. doi: 10.1016/j.prro.2020.12.006

 17. Cardinale D, Ciceri F, Latini R, Franzosi MG, Sandri MT, Civelli M, et al. Anthracycline-induced cardiotoxicity: a multicenter randomised trial comparing two strategies for guiding prevention with enalapril: the international cardiooncology society-one trial. Eur J Cancer. (2018) 94:126–37. doi: 10.1016/j.ejca.2018.02.005

 18. Avila MS, Ayub-Ferreira SM, de Barros Wanderley MR Jr, das Dores Cruz F, Gonçalves Brandão SM, et al. Carvedilol for prevention of chemotherapy-related cardiotoxicity: the CECCY trial. J Am Coll Cardiol. (2018) 71:2281–90. doi: 10.1016/j.jacc.2018.02.049

 19. Wang Y, Lu C, Li H, Liu K, Yu M, Zhang P. 3D-STI evaluation of the effect of dexrazoxane on the mechanical properties of right ventricular myocardium in breast cancer patients treated with pirarubicin. Ann Palliat Med. (2020) 9:1187–97. doi: 10.21037/apm-20-1074

 20. Chow EJ, Aplenc R, Vrooman LM, Doody DR, Huang YV, Aggarwal S, et al. Late health outcomes after dexrazoxane treatment: a report from the children's oncology group. Cancer. (2022) 128:788–96. doi: 10.1002/cncr.33974

 21. Ellahham S, Khalouf A, Elkhazendar M, Dababo N, Manla Y. An overview of radiation-induced heart disease. Radiat Oncol J. (2022) 40:89–102. doi: 10.3857/roj.2021.00766

 22. Qu L, Zou W, Wang Y, Wang M. European regulation model for herbal medicine: the assessment of the EU monograph and the safety and efficacy evaluation in marketing authorization or registration in member states. Phytomedicine. (2018) 42:219–25. doi: 10.1016/j.phymed.2018.03.048

 23. Tu Y. Artemisinin-a gift from traditional chinese medicine to the world (nobel lecture). Angew Chem Int Ed Engl. (2016) 55:10210–26. doi: 10.1002/anie.201601967

 24. Kayser S, Schlenk RF, Lebon D, Carre M, Götze KS, Stölzel F, et al. Characteristics and outcome of patients with low-/intermediate-risk acute promyelocytic leukemia treated with arsenic trioxide: an international collaborative study. Haematologica. (2021) 106:3100–6. doi: 10.3324/haematol.2021.278722

 25. Chen L, Zhu HM, Li Y, Liu QF, Hu Y, Zhou JF, et al. Arsenic trioxide replacing or reducing chemotherapy in consolidation therapy for acute promyelocytic leukemia (APL2012 trial). Proc Natl Acad Sci U S A. (2021) 118:e2020382118. doi: 10.1073/pnas.2020382118

 26. Wang Z, Yang L. Chinese herbal medicine: fighting SARS-CoV-2 infection on all fronts. J Ethnopharmacol. (2021) 270:113869. doi: 10.1016/j.jep.2021.113869

 27. Lee DYW, Li QY, Liu J, Efferth T. Traditional Chinese herbal medicine at the forefront battle against COVID-19: clinical experience and scientific basis. Phytomedicine. (2021) 80:153337. doi: 10.1016/j.phymed.2020.153337

 28. Leung EL, Pan HD, Huang YF, Fan XX, Wang WY, He F, et al. The scientific foundation of Chinese herbal medicine against COVID-19. Engineering. (2020) 6:1099–107. doi: 10.1016/j.eng.2020.08.009

 29. Wu XQ, Zhang WN, Hao MZ, Liu XP, Xiao J, Wang TF, et al. How Chinese herbal medicine prevents epidemics: from ancient pestilences to COVID-19 pandemic. Am J Chin Med. (2021) 49:1017–44. doi: 10.1142/S0192415X2150049X

 30. Zhang SQ, Li JC. An introduction to traditional Chinese medicine, including acupuncture. Anat Rec. (2021) 304:2359–64. doi: 10.1002/ar.24782

 31. Lam WC, Lyu A, Bian Z. ICD-11: impact on traditional chinese medicine and world healthcare systems. Pharmaceut Med. (2019) 33:373–7. doi: 10.1007/s40290-019-00295-y

 32. Liu N, Li X, Yang Y, Wang X, Li L, et al. A review on the effect of traditional chinese medicine against anthracycline-induced cardiac toxicity. Front Pharmacol. (2018) 9:444. doi: 10.3389/fphar.2018.00444

 33. Sies H, Berndt C, Jones DP. Oxidative stress. Annu Rev Biochem. (2017) 86:715–48. doi: 10.1146/annurev-biochem-061516-045037

 34. Sarniak A, Lipińska J, Tytman K, Lipińska S. Endogenous mechanisms of reactive oxygen species (ROS) generation. Postepy Hig Med Dosw. (2016) 70:1150–65. doi: 10.5604/17322693.1224259

 35. Narezkina A, Narayan HK, Zemljic-Harpf AE. Molecular mechanisms of anthracycline cardiovascular toxicity. Clin Sci. (2021) 135:1311–32. doi: 10.1042/CS20200301

 36. Vermot A, Petit-Härtlein I, Smith SME, Fieschi F. NADPH oxidases (NOX): an overview from discovery, molecular mechanisms to physiology and pathology. Antioxidants. (2021) 10:890. doi: 10.3390/antiox10060890

 37. Kasai S, Shimizu S, Tatara Y, Mimura J, Itoh K. Regulation of Nrf2 by mitochondrial reactive oxygen species in physiology and pathology. Biomolecules. (2020) 10:320. doi: 10.3390/biom10020320

 38. Pignatelli P, Menichelli D, Pastori D, Violi F. Oxidative stress and cardiovascular disease: new insights. Kardiol Pol. (2018) 76:713–22. doi: 10.5603/KP.a2018.0071

 39. Incalza MA, D'Oria R, Natalicchio A, Perrini S, Laviola L, Giorgino F. Oxidative stress and reactive oxygen species in endothelial dysfunction associated with cardiovascular and metabolic diseases. Vascul Pharmacol. (2018) 100:1–19. doi: 10.1016/j.vph.2017.05.005

 40. Tang Z, Wang P, Dong C, Zhang J, Wang X, Pei H. Oxidative stress signaling mediated pathogenesis of diabetic cardiomyopathy. Oxid Med Cell Longev. (2022) 2022:5913374. doi: 10.1155/2022/5913374

 41. Ping Z, Peng Y, Lang H, Xinyong C, Zhiyi Z, Xiaocheng W, et al. Oxidative stress in radiation-induced cardiotoxicity. Oxid Med Cell Longev. (2020) 2020:3579143. doi: 10.1155/2020/3579143

 42. Jakubczyk K, Dec K, Kałduńska J, Kawczuga D, Kochman J, Janda K. Reactive oxygen species - sources, functions, oxidative damage. Pol Merkur Lekarski. (2020) 48:124–7. Available online at: http://medpress.com.pl/shop

 43. Tsikas D. Assessment of lipid peroxidation by measuring malondialdehyde (MDA) and relatives in biological samples: analytical and biological challenges. Anal Biochem. (2017) 524:13–30. doi: 10.1016/j.ab.2016.10.021

 44. Lassègue B, Griendling KK. NADPH oxidases: functions and pathologies in the vasculature. Arterioscler Thromb Vasc Biol. (2010) 30:653–61. doi: 10.1161/ATVBAHA.108.181610

 45. Azzam EI, Jay-Gerin JP, Pain D. Ionizing radiation-induced metabolic oxidative stress and prolonged cell injury. Cancer Lett. (2012) 327:48–60. doi: 10.1016/j.canlet.2011.12.012

 46. Yamamori T, Yasui H, Yamazumi M, Wada Y, Nakamura Y, Nakamura H, et al. Ionizing radiation induces mitochondrial reactive oxygen species production accompanied by upregulation of mitochondrial electron transport chain function and mitochondrial content under control of the cell cycle checkpoint. Free Radic Biol Med. (2012) 53:260–70. doi: 10.1016/j.freeradbiomed.2012.04.033

 47. Okwuosa TM, Anzevino S, Rao R. Cardiovascular disease in cancer survivors. Postgrad Med J. (2017) 93:82–90. doi: 10.1136/postgradmedj-2016-134417

 48. Zhang W, Li Y, Li R, Wang Y, Zhu M, Wang B, et al. Sodium tanshinone IIA sulfonate prevents radiation-induced toxicity in H9c2 cardiomyocytes. Evid Based Complement Alternat Med. (2017) 2017:4537974. doi: 10.1155/2017/4537974

 49. Zhou D, Yang WK, Zhang YF, Xie JH, Ma L, Yang HD, et al. Sodium tanshinone IIA sulfonate prevents radiation-induced damage in primary rat cardiac fibroblasts. Chin J Nat Med. (2020) 18:436–45. doi: 10.1016/S1875-5364(20)30051-0

 50. Ejaz A, Greenberger JS, Rubin PJ. Understanding the mechanism of radiation induced fibrosis and therapy options. Pharmacol Ther. (2019) 204:107399. doi: 10.1016/j.pharmthera.2019.107399

 51. Ma C, Zhao X, Chang J, Guo H, Wei H, Fu Z, et al. Radix angelica sinensis and radix hedysari ultrafiltration extract protects against X-irradiation-induced cardiac fibrosis in rats. Evid Based Complement Alternat Med. (2020) 2020:4675851. doi: 10.1155/2020/4675851

 52. Ma C, Fu Z, Guo H, Wei H, Zhao X, Li Y. The effects of radix angelica sinensis and radix hedysari ultrafiltration extract on X-irradiation-induced myocardial fibrosis in rats. Biomed Pharmacother. (2019) 112:108596. doi: 10.1016/j.biopha.2019.01.057

 53. Chang J, Ma C, Guo H, Ran H, Chen G, Li Y. Ultrafiltration extract of radix angelica sinensis and radix hedysari attenuates risk of low-dose x-ray radiation-induced myocardial fibrosis in vitro. Evid Based Complement Alternat Med. (2021) 2021:5580828. doi: 10.1155/2021/5580828

 54. Kong CY, Guo Z, Song P, Zhang X, Yuan YP, Teng T, et al. Underlying the mechanisms of doxorubicin-induced acute cardiotoxicity: oxidative stress and cell death. Int J Biol Sci. (2022) 18:760–70. doi: 10.7150/ijbs.65258

 55. Songbo M, Lang H, Xinyong C, Bin X, Ping Z, Liang S. Oxidative stress injury in doxorubicin-induced cardiotoxicity. Toxicol Lett. (2019) 307:41–8. doi: 10.1016/j.toxlet.2019.02.013

 56. Wenningmann N, Knapp M, Ande A, Vaidya TR, Ait-Oudhia S. Insights into doxorubicin-induced cardiotoxicity: molecular mechanisms, preventive strategies, and early monitoring. Mol Pharmacol. (2019) 96:219–32. doi: 10.1124/mol.119.115725

 57. Yan F, Liu R, Zhuang X, Li R, Shi H, Gao X. Salidroside attenuates doxorubicin-induced cardiac dysfunction partially through activation of QKI/FoxO1 pathway. J Cardiovasc Transl Res. (2021) 14:355–64. doi: 10.1007/s12265-020-10056-x

 58. Chen H, Zhu J, Le Y, Pan J, Liu Y, Liu Z, et al. Salidroside inhibits doxorubicin-induced cardiomyopathy by modulating a ferroptosis-dependent pathway. Phytomedicine. (2022) 99:153964. doi: 10.1016/j.phymed.2022.153964

 59. Li S, Liu H, Lin Z, Li Z, Chen Y, Chen B, et al. Isoorientin attenuates doxorubicin-induced cardiac injury via the activation of MAPK, Akt, and caspase-dependent signaling pathways. Phytomedicine. (2022) 101:154105. doi: 10.1016/j.phymed.2022.154105

 60. Ghigo A, Li M, Hirsch E. New signal transduction paradigms in anthracycline-induced cardiotoxicity. Biochim Biophys Acta. (2016) 1863:1916–25. doi: 10.1016/j.bbamcr.2016.01.021

 61. Lin J, Fang L, Li H, Li Z, Lyu L, Wang H, et al. Astragaloside IV alleviates doxorubicin induced cardiomyopathy by inhibiting NADPH oxidase derived oxidative stress. Eur J Pharmacol. (2019) 859:172490. doi: 10.1016/j.ejphar.2019.172490

 62. Bellezza I, Giambanco I, Minelli A, Donato R. Nrf2-Keap1 signaling in oxidative and reductive stress. Biochim Biophys Acta Mol Cell Res. (2018) 1865:721–33. doi: 10.1016/j.bbamcr.2018.02.010

 63. Dodson M, Castro-Portuguez R, Zhang DD. NRF2 plays a critical role in mitigating lipid peroxidation and ferroptosis. Redox Biol. (2019) 23:101107. doi: 10.1016/j.redox.2019.101107

 64. Wallace KB, Sardão VA, Oliveira PJ. Mitochondrial determinants of doxorubicin-induced cardiomyopathy. Circ Res. (2020) 126:926–41. doi: 10.1161/CIRCRESAHA.119.314681

 65. Jiang Q, Chen X, Tian X, Zhang J, Xue S, Jiang Y, et al. Tanshinone I inhibits doxorubicin-induced cardiotoxicity by regulating Nrf2 signaling pathway. Phytomedicine. (2022) 106:154439. doi: 10.1016/j.phymed.2022.154439

 66. Qi JY, Yang YK, Jiang C, Zhao Y, Wu YC, Han X, et al. Exploring the mechanism of danshensu in the treatment of doxorubicin-induced cardiotoxicity based on network pharmacology and experimental evaluation. Front Cardiovasc Med. (2022) 9:827975. doi: 10.3389/fcvm.2022.827975

 67. Feng K, Liu Y, Sun J, Zhao C, Duan Y, Wang W, et al. Compound danshen dripping pill inhibits doxorubicin or isoproterenol-induced cardiotoxicity. Biomed Pharmacother. (2021) 138:111531. doi: 10.1016/j.biopha.2021.111531

 68. Zhao L, Tao X, Qi Y, Xu L, Yin L, Peng J. Protective effect of dioscin against doxorubicin-induced cardiotoxicity via adjusting microRNA-140-5p-mediated myocardial oxidative stress. Redox Biol. (2018) 16:189–98. doi: 10.1016/j.redox.2018.02.026

 69. Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, et al. Oxidative stress, aging, and diseases. Clin Interv Aging. (2018) 13:757–72. doi: 10.2147/CIA.S158513

 70. Wu Z, Zhao X, Miyamoto A, Zhao S, Liu C, Zheng W, et al. Effects of steroidal saponins extract from ophiopogon japonicus root ameliorates doxorubicin-induced chronic heart failure by inhibiting oxidative stress and inflammatory response. Pharm Biol. (2019) 57:176–83. doi: 10.1080/13880209.2019.1577467

 71. Jiang Y, Liu Y, Xiao W, Zhang D, Liu X, Xiao H, et al. Xinmailong attenuates doxorubicin-induced lysosomal dysfunction and oxidative stress in H9c2 Cells via HO-1. Oxid Med Cell Longev. (2021) 2021:5896931. doi: 10.1155/2021/5896931

 72. Monahan DS, Flaherty E, Hameed A, Duffy GP. Resveratrol significantly improves cell survival in comparison to dexrazoxane and carvedilol in a h9c2 model of doxorubicin induced cardiotoxicity. Biomed Pharmacother. (2021) 140:111702. doi: 10.1016/j.biopha.2021.111702

 73. Motlagh PE, Novin AG, Ghahari F, Nikzad A, Khoshandam M, Mardani S, et al. Evaluation of the effect of crocin on doxorubicin-induced cardiotoxicity. Adv Exp Med Biol. (2021) 1328:143–53. doi: 10.1007/978-3-030-73234-9_10

 74. Rawat PS, Jaiswal A, Khurana A, Bhatti JS, Navik U. Doxorubicin-induced cardiotoxicity: an update on the molecular mechanism and novel therapeutic strategies for effective management. Biomed Pharmacother. (2021) 139:111708. doi: 10.1016/j.biopha.2021.111708

 75. Xu Y, Qu X, Zhou J, Lv G, Han D, Liu J, et al. Pilose antler peptide-3.2KD ameliorates adriamycin-induced myocardial injury through TGF-β/SMAD signaling pathway. Front Cardiovasc Med. (2021) 8:659643. doi: 10.3389/fcvm.2021.659643

 76. Sun X, Song Y, Xie Y, Han J, Chen F, Sun Y, et al. Shenlijia attenuates doxorubicin-induced chronic heart failure by inhibiting cardiac fibrosis. Evid Based Complement Alternat Med. (2021) 2021:6659676. doi: 10.1155/2021/6659676

 77. Madeddu C, Deidda M, Piras A, Cadeddu C, Demurtas L, Puzzoni M, et al. Pathophysiology of cardiotoxicity induced by nonanthracycline chemotherapy. J Cardiovasc Med. (2016) 17 Suppl 1:S12–18. doi: 10.2459/JCM.0000000000000376

 78. Zhang P, Zhang J, Zhao L, Li S, Li K. Quercetin attenuates the cardiotoxicity of doxorubicin-cyclophosphamide regimen and potentiates its chemotherapeutic effect against triple-negative breast cancer. Phytother Res. (2022) 36:551–61. doi: 10.1002/ptr.7342

 79. Ye B, Ling W, Wang Y, Jaisi A, Olatunji OJ. Protective effects of chrysin against cyclophosphamide-induced cardiotoxicity in rats: a biochemical and histopathological approach. Chem Biodivers. (2022) 19:e202100886. doi: 10.1002/cbdv.202100886

 80. Bahadir A, Ceyhan A, Öz Gergin Ö, Yalçin B, Ülger M, Özyazgan TM, et al. Protective effects of curcumin and beta-carotene on cisplatin-induced cardiotoxicity: an experimental rat model. Anatol J Cardiol. (2018) 19:213–21. doi: 10.14744/AnatolJCardiol.2018.53059

 81. Chakraborty M, Bhattacharjee A, Kamath JV. Cardioprotective effect of curcumin and piperine combination against cyclophosphamide-induced cardiotoxicity. Indian J Pharmacol. (2017) 49:65–70. doi: 10.53879/id.53.11.10769

 82. Avci H, Epikmen ET, Ipek E, Tunca R, Birincioglu SS, Akşit H. Protective effects of silymarin and curcumin on cyclophosphamide-induced cardiotoxicity. Exp Toxicol Pathol. (2017) 69:317–27. doi: 10.1016/j.etp.2017.02.002

 83. Xia J, Hu JN, Zhang RB, Liu W, Zhang H, Wang Z, et al. Icariin exhibits protective effects on cisplatin-induced cardiotoxicity via ROS-mediated oxidative stress injury in vivo and in vitro. Phytomedicine. (2022) 104:154331. doi: 10.1016/j.phymed.2022.154331

 84. Topal I, Özbek Bilgin A, Keskin Çimen F, Kurt N, Süleyman Z, Bilgin Y, et al. The effect of rutin on cisplatin-induced oxidative cardiac damage in rats. Anatol J Cardiol. (2018) 20:136–42. doi: 10.14744/AnatolJCardiol.2018.32708

 85. Wang SH, Tsai KL, Chou WC, Cheng HC, Huang YT, Ou HC, et al. Quercetin mitigates cisplatin-induced oxidative damage and apoptosis in cardiomyocytes through Nrf2/HO-1 signaling pathway. Am J Chin Med. (2022) 50:1281–98. doi: 10.1142/S0192415X22500537

 86. Xiao Z, Liu W, Mu YP, Zhang H, Wang XN, Zhao CQ, et al. Pharmacological effects of salvianolic acid B against oxidative damage. Front Pharmacol. (2020) 11:572373. doi: 10.3389/fphar.2020.572373

 87. Lin Z, Bao Y, Hong B, Wang Y, Zhang X, Wu Y. Salvianolic acid B attenuated cisplatin-induced cardiac injury and oxidative stress via modulating Nrf2 signal pathway. J Toxicol Sci. (2021) 46:199–207. doi: 10.2131/jts.46.199

 88. Qi Y, Fu S, Pei D, Fang Q, Xin W, Yuan X, et al. Luteolin attenuated cisplatin-induced cardiac dysfunction and oxidative stress via modulation of Keap1/Nrf2 signaling pathway. Free Radic Res. (2022) 56:209–21. doi: 10.1080/10715762.2022.2067042

 89. Cui Y, Li C, Zeng C, Li J, Zhu Z, Chen W, et al. Tongmai yangxin pills anti-oxidative stress alleviates cisplatin-induced cardiotoxicity: network pharmacology analysis and experimental evidence. Biomed Pharmacother. (2018) 108:1081–9. doi: 10.1016/j.biopha.2018.09.095

 90. Behranvand N, Nasri F, Zolfaghari Emameh R, Khani P, Hosseini A, Garssen J, et al. Chemotherapy: a double-edged sword in cancer treatment. Cancer Immunol Immunother. (2022) 71:507–26. doi: 10.1007/s00262-021-03013-3

 91. Li W, Cao T, Luo C, Cai J, Zhou X, Xiao X, et al. Crosstalk between ER stress, NLRP3 inflammasome, and inflammation. Appl Microbiol Biotechnol. (2020) 104:6129–40. doi: 10.1007/s00253-020-10614-y

 92. Wang X, Wang Q, Li W, Zhang Q, Jiang Y, Guo D, et al. TFEB-NF-κB inflammatory signaling axis: a novel therapeutic pathway of Dihydrotanshinone I in doxorubicin-induced cardiotoxicity. J Exp Clin Cancer Res. (2020) 39:93. doi: 10.1186/s13046-020-01595-x

 93. Li X, Liang J, Qin A, Wang T, Liu S, Li W, et al. Protective effect of Di'ao Xinxuekang capsule against doxorubicin-induced chronic cardiotoxicity. J Ethnopharmacol. (2022) 287:114943. doi: 10.1016/j.jep.2021.114943

 94. Yao L, Gui M, Li J, Lu B, Wang J, Zhou X, et al. Shengxian decoction decreases doxorubicin-induced cardiac apoptosis by regulating the TREM1/NF-κB signaling pathway. Mol Med Rep. (2021) 23:219. doi: 10.3892/mmr.2021.11858

 95. Abu Gazia M, El-Magd MA. Ameliorative effect of cardamom aqueous extract on doxorubicin-induced cardiotoxicity in rats. Cells Tissues Organs. (2018) 206:62–72. doi: 10.1159/000496109

 96. Ibrahim Fouad G, Ahmed KA. Curcumin ameliorates doxorubicin-induced cardiotoxicity and hepatotoxicity via suppressing oxidative stress and modulating iNOS, NF-κB, and TNF-α in rats. Cardiovasc Toxicol. (2022) 22:152–66. doi: 10.1007/s12012-021-09710-w

 97. Gu Y, Ju A, Jiang B, Zhang J, Man S, Liu C, et al. Yiqi Fumai lyophilized injection attenuates doxorubicin-induced cardiotoxicity, hepatotoxicity and nephrotoxicity in rats by inhibition of oxidative stress, inflammation and apoptosis. RSC Adv. (2018) 8:40894–911. doi: 10.1039/C8RA07163B

 98. Xing JJ, Hou JG, Liu Y, Zhang RB, Jiang S, Ren S, et al. Supplementation of saponins from leaves of panax quinquefolius mitigates cisplatin-evoked cardiotoxicity via inhibiting oxidative stress-associated inflammation and apoptosis in mice. Antioxidants. (2019) 8:347. doi: 10.3390/antiox8090347

 99. Zhai J, Tao L, Zhang S, Gao H, Zhang Y, Sun J, et al. Calycosin ameliorates doxorubicin-induced cardiotoxicity by suppressing oxidative stress and inflammation via the sirtuin 1-NOD-like receptor protein 3 pathway. Phytother Res. (2020) 34:649–59. doi: 10.1002/ptr.6557

 100. Maayah ZH, Alam AS, Takahara S, Soni S, Ferdaoussi M, Matsumura N, et al. Resveratrol reduces cardiac NLRP3-inflammasome activation and systemic inflammation to lessen doxorubicin-induced cardiotoxicity in juvenile mice. FEBS Lett. (2021) 595:1681–95. doi: 10.1002/1873-3468.14091

 101. Zhao YY, Chen LH, Huang L, Li YZ, Yang C, Zhu Y, et al. Cardiovascular protective effects of GLP-1: a focus on the MAPK signaling pathway. Biochem Cell Biol. (2022) 100:9–16. doi: 10.1139/bcb-2021-0365

 102. Yue J, López JM. Understanding MAPK signaling pathways in apoptosis. Int J Mol Sci. (2020) 21:2346. doi: 10.3390/ijms21072346

 103. Aubrey BJ, Kelly GL, Janic A, Herold MJ, Strasser A. How does p53 induce apoptosis and how does this relate to p53-mediated tumour suppression? Cell Death Differ. (2018) 25:104–13. doi: 10.1038/cdd.2017.169

 104. Verheij M, Bartelink H. Radiation-induced apoptosis. Cell Tissue Res. (2000) 301:133–42. doi: 10.1007/s004410000188

 105. Zhao XK, Qiu YY, Li YD, Jiang HG, Fei GJ, et al. Exploration of the effect of FasL/TNF-α signaling pathway-based angelica tonic blood soup on apoptotic response to radiation myocardial injury. Lishizhen Med Materia Medica Res. (2020) 31:1312–4. doi: 10.3969/j.issn.1008-0805.2020.06.009

 106. Zhu C, Wang Y, Liu H, Mu H, Lu Y, Zhang J, et al. Oral administration of ginsenoside Rg1 prevents cardiac toxicity induced by doxorubicin in mice through anti-apoptosis. Oncotarget. (2017) 8:83792–801. doi: 10.18632/oncotarget.19698

 107. Zhang Y, Wang Y, Ma Z, Liang Q, Tang X, Tan H, et al. Ginsenoside Rb1 inhibits doxorubicin-triggered H9C2 cell apoptosis via aryl hydrocarbon receptor. Biomol Ther. (2017) 25:202–12. doi: 10.4062/biomolther.2016.066

 108. Hung YC, Wang PW, Lin TY, Yang PM, You JS, Pan TL. Functional redox proteomics reveal that salvia miltiorrhiza aqueous extract alleviates adriamycin-induced cardiomyopathy via inhibiting ROS-dependent apoptosis. Oxid Med Cell Longev. (2020) 2020:5136934. doi: 10.1155/2020/5136934

 109. Chen R, Sun G, Yang L, Wang J, Sun X. Salvianolic acid B protects against doxorubicin induced cardiac dysfunction via inhibition of ER stress mediated cardiomyocyte apoptosis. Toxicol Res. (2016) 5:1335–45. doi: 10.1039/C6TX00111D

 110. Wang L, Wang L, Zhou X, Ruan G, Yang G. Qishen yiqi dropping pills ameliorates doxorubicin-induced cardiotoxicity in mice via enhancement of cardiac angiogenesis. Med Sci Monit. (2019) 25:2435–44. doi: 10.12659/MSM.915194

 111. Li YD, Ma YH, Zhao JX, Zhao XK. Protection of ultra-filtration extract from Danggui buxue decoction on oxidative damage in cardiomyocytes of neonatal rats and its mechanism. Chin J Integr Med. (2011) 17:854–9. doi: 10.1007/s11655-011-0897-6

 112. Liu K, Xu RR, Sun SB, Zhu BB, Gao Y, Li YD. Effects of angelica sinensis blood tonic soup ultrafiltrate on mitochondrial apoptosis pathway in rat cardiomyocytes. Chin J Gerontol. (2016) 36:3115–8. doi: 10.3969/j.issn.1005-9202.2016.13.010

 113. RR X. Protection of ultra-filtration extract from the mixture of anglica sinensis and hedysarum polybotrys on adriamycin-induced myocardial cell damage. Lanzhou: Lanzhou University (2013) 61.

 114. Chen C, Liu S, Cao G, Hu Y, Wang R, Wu M, et al. Cardioprotective effect of paeonol on chronic heart failure induced by doxorubicin via regulating the miR-21-5p/S-phase kinase-associated protein 2 axis. Front Cardiovasc Med. (2022) 9:695004. doi: 10.3389/fcvm.2022.695004

 115. Brosinsky P, Bornbaum J, Warga B, Schulz L, Schlüter KD, Ghigo A, et al. PI3K as mediator of apoptosis and contractile dysfunction in TGFβ(1)-stimulated cardiomyocytes. Biology. (2021) 10:670. doi: 10.3390/biology10070670

 116. Wang L, Luo HM, Qiu ZD, Liu D. Protective effect and mechanism of ginseng glycoproteins on cardiotoxicity caused by adriamycin. Chin Tradit Herbal Drugs. (2021) 52:1965–73. doi: 10.7501/j.issn.0253-2670.2021.07.013

 117. Yu J, Gao H, Wu C, Xu QM, Lu JJ, Chen X. Diethyl blechnic, a novel natural product isolated from salvia miltiorrhiza bunge, inhibits doxorubicin-induced apoptosis by inhibiting ROS and activating JNK1/2. Int J Mol Sci. (2018) 19:1809. doi: 10.3390/ijms19061809

 118. Chen T, Shen HM, Deng ZY, Yang ZZ, Zhao RL, Wang L, et al. A herbal formula, SYKT, reverses doxorubicin-induced myelosuppression and cardiotoxicity by inhibiting ROS-mediated apoptosis. Mol Med Rep. (2017) 15:2057–66. doi: 10.3892/mmr.2017.6272

 119. Chen T, Deng Z, Zhao R, Shen H, Li W. Alleviates doxorubicin-induced cardiotoxicity via modulating ROS-mediated p53 and MAPK signal pathways. Evid Based Complement Alternat Med. (2018) 2018:2581031. doi: 10.1155/2018/2581031

 120. Li L, Yang D, Li J, Niu L, Chen Y, Zhao X, et al. Investigation of cardiovascular protective effect of Shenmai injection by network pharmacology and pharmacological evaluation. BMC Complement Med Ther. (2020) 20:112. doi: 10.1186/s12906-020-02905-8

 121. Wang X, Sun Q, Jiang Q, Jiang Y, Zhang Y, Cao J, et al. Cryptotanshinone ameliorates doxorubicin-induced cardiotoxicity by targeting Akt-GSK-3β-mPTP pathway in vitro. Molecules. (2021) 26:1460. doi: 10.3390/molecules26051460

 122. Timm KN, Tyler DJ. The role of AMPK activation for cardioprotection in doxorubicin-induced cardiotoxicity. Cardiovasc Drugs Ther. (2020) 34:255–69. doi: 10.1007/s10557-020-06941-x

 123. Li L, Li J, Wang Q, Zhao X, Yang D, Niu L, et al. Shenmai injection protects against doxorubicin-induced cardiotoxicity via maintaining mitochondrial homeostasis. Front Pharmacol. (2020) 11:815. doi: 10.3389/fphar.2020.00815

 124. Liu MH, Lin XL, Guo DM, Zhang Y, Yuan C, Tan TP, et al. Resveratrol protects cardiomyocytes from doxorubicin-induced apoptosis through the AMPK/P53 pathway. Mol Med Rep. (2016) 13:1281–6. doi: 10.3892/mmr.2015.4665

 125. Hu C, Zhang X, Wei W, Zhang N, Wu H, Ma Z, et al. Matrine attenuates oxidative stress and cardiomyocyte apoptosis in doxorubicin-induced cardiotoxicity via maintaining AMPKα/UCP2 pathway. Acta Pharm Sin B. (2019) 9:690–701. doi: 10.1016/j.apsb.2019.03.003

 126. Jin C, Chai Y, Hu Z, Tian W, Ling W, Li J, et al. Higenamine attenuates doxorubicin-induced cardiac remodeling and myocyte apoptosis by suppressing AMPK activation. Front Cell Dev Biol. (2022) 10:809996. doi: 10.3389/fcell.2022.809996

 127. Pondugula SR, Harshan A, Ramesh S, Govindarajulu M, Almaghrabi M, Majrashi M, et al. Cardioprotective effects of oroxylum indicum extract against doxorubicin and cyclophosphamide-induced cardiotoxicity. Cardiovasc Toxicol. (2022) 22:67–77. doi: 10.1007/s12012-021-09701-x

 128. Xing JJ, Mi XJ, Hou JG, Cai EB, Zheng SW, Wang SH, et al. Maltol mitigates cisplatin-evoked cardiotoxicity via inhibiting the PI3K/Akt signaling pathway in rodents in vivo and in vitro. Phytother Res. (2022) 36:1724–35. doi: 10.1002/ptr.7405

 129. Sciarretta S, Maejima Y, Zablocki D, Sadoshima J. The role of autophagy in the heart. Annu Rev Physiol. (2018) 80:1–26. doi: 10.1146/annurev-physiol-021317-121427

 130. Dikic I, Elazar Z. Mechanism and medical implications of mammalian autophagy. Nat Rev Mol Cell Biol. (2018) 19:349–64. doi: 10.1038/s41580-018-0003-4

 131. Bartlett JJ, Trivedi PC, Pulinilkunnil T. Autophagic dysregulation in doxorubicin cardiomyopathy. J Mol Cell Cardiol. (2017) 104:1–8. doi: 10.1016/j.yjmcc.2017.01.007

 132. Wang Y, Zhang H. Regulation of autophagy by mTOR signaling pathway. Adv Exp Med Biol. (2019) 1206:67–83. doi: 10.1007/978-981-15-0602-4_3

 133. Li Y, Chen Y. AMPK and autophagy. Adv Exp Med Biol. (2019) 1206:85–108. doi: 10.1007/978-981-15-0602-4_4

 134. Mao QY, Wang JK, Cao KD, Zhang YW, Gao PR, Yang XM, et al. Protective effect of danggui buxue decoction on myocardial injury induced by adriamycin in mice and its effect on autophagy of cardiomyocytes. Chin J Tradit Chin Med Pharm. (2021) 36:2515–20.

 135. Wang F, Wang L, Liu F, Meng L, Zhao N, Zhai X, et al. Investigation of the mechanism of the reduction of anthracycline-induced cardiotoxicity by Qishen Huanwu Capsule based on network pharmacology. Ann Palliat Med. (2021) 10:16–28. doi: 10.21037/apm-20-2204

 136. Wang F, Wang L, Jiao Y, Wang Z. Qishen Huanwu capsule reduces pirarubicin-induced cardiotoxicity in rats by activating the PI3K/Akt/mTOR pathway. Ann Palliat Med. (2020) 9:3453–61. doi: 10.21037/apm-20-1746

 137. Qin Y, Lv C, Zhang X, Ruan W, Xu X, Chen C, et al. Protective effect of qiliqiangxin against doxorubicin-induced cardiomyopathy by suppressing excessive autophagy and apoptosis. Cardiovasc Ther. (2022) 2022:9926635. doi: 10.1155/2022/9926635

 138. Gu J, Hu W, Song ZP, Chen YG, Zhang DD, Wang CQ. Resveratrol-induced autophagy promotes survival and attenuates doxorubicin-induced cardiotoxicity. Int Immunopharmacol. (2016) 32:1–7. doi: 10.1016/j.intimp.2016.01.002

 139. Xu HD, Qin ZH. Beclin 1, Bcl-2 and autophagy. Adv Exp Med Biol. (2019) 1206:109–26. doi: 10.1007/978-981-15-0602-4_5

 140. Yin J, Guo J, Zhang Q, Cui L, Zhang L, Zhang T, et al. Doxorubicin-induced mitophagy and mitochondrial damage is associated with dysregulation of the PINK1/parkin pathway. Toxicol In Vitro. (2018) 51:1–10. doi: 10.1016/j.tiv.2018.05.001

 141. Schaaf MB, Keulers TG, Vooijs MA, Rouschop KM. LC3/GABARAP family proteins: autophagy-(un)related functions. FASEB J. (2016) 30:3961–78. doi: 10.1096/fj.201600698R

 142. Zhang X, Lv S, Zhang W, Jia Q, Wang L, Ding Y, et al. Shenmai injection improves doxorubicin cardiotoxicity via miR-30a/Beclin 1. Biomed Pharmacother. (2021) 139:111582. doi: 10.1016/j.biopha.2021.111582

 143. Wu YP, Zhang S, Xin YF, Gu LQ, Xu XZ, Zhang CD, et al. Evidences for the mechanism of Shenmai injection antagonizing doxorubicin-induced cardiotoxicity. Phytomedicine. (2021) 88:153597. doi: 10.1016/j.phymed.2021.153597

 144. Xu ZM, Li CB, Liu QL, Li P, Yang H. Ginsenoside Rg1 prevents doxorubicin-induced cardiotoxicity through the inhibition of autophagy and endoplasmic reticulum stress in mice. Int J Mol Sci. (2018) 19:3658. doi: 10.3390/ijms19113658

 145. Lu X, Lu L, Gao L, Wang Y, Wang W. Calycosin attenuates doxorubicin-induced cardiotoxicity via autophagy regulation in zebrafish models. Biomed Pharmacother. (2021) 137:111375. doi: 10.1016/j.biopha.2021.111375

 146. Li H, Mao Y, Zhang Q, Han Q, Man Z, Zhang J, et al. Xinmailong mitigated epirubicin-induced cardiotoxicity via inhibiting autophagy. J Ethnopharmacol. (2016) 192:459–70. doi: 10.1016/j.jep.2016.08.031

 147. Fu HY, Sanada S, Matsuzaki T, Liao Y, Okuda K, Yamato M, et al. Chemical endoplasmic reticulum chaperone alleviates doxorubicin-induced cardiac dysfunction. Circ Res. (2016) 118:798–809. doi: 10.1161/CIRCRESAHA.115.307604

 148. Yarmohammadi F, Rezaee R, Haye AW, Karimi G. Endoplasmic reticulum stress in doxorubicin-induced cardiotoxicity may be therapeutically targeted by natural and chemical compounds: a review. Pharmacol Res. (2021) 164:105383. doi: 10.1016/j.phrs.2020.105383

 149. Yuan XY. Improving effect of baoyuan decoction on myocardial injury and effects of PERK/eIF2α/CHOP signaling pathway in adriamycin indcued rats. Chin J Trad Chin Med Pharm. (2022) 37:3549–53.

 150. Wu R, Wang HL, Yu HL, Cui XH, Xu MT, Xu X, et al. Doxorubicin toxicity changes myocardial energy metabolism in rats. Chem Biol Interact. (2016) 244:149–58. doi: 10.1016/j.cbi.2015.12.010

 151. Yang Y, Zhang H, Li X, Yang T, Jiang Q. Effects of PPARα/PGC-1α on the myocardial energy metabolism during heart failure in the doxorubicin induced dilated cardiomyopathy in mice. Int J Clin Exp Med. (2014) 7:2435–42. Available online at: www.ijcem.com/ISSN:1940-5901/IJCEM0001739

 152. Zakaria N, Khalil SR, Awad A, Khairy GM. Quercetin reverses altered energy metabolism in the heart of rats receiving adriamycin chemotherapy. Cardiovasc Toxicol. (2018) 18:109–19. doi: 10.1007/s12012-017-9420-4

 153. Han Z, Guo L, Yu X, Guo H, Deng X, Yu J, et al. Network-driven targeted analysis reveals that astragali radix alleviates doxorubicin-induced cardiotoxicity by maintaining fatty acid homeostasis. J Ethnopharmacol. (2022) 287:114967. doi: 10.1016/j.jep.2022.114967

 154. Qu J, Ke F, Yang X, Wang Y, Xu H, Li Q, et al. Induction of P-glycoprotein expression by dandelion in tumor and heart tissues: impact on the anti-tumor activity and cardiotoxicity of doxorubicin. Phytomedicine. (2022) 104:154275. doi: 10.1016/j.phymed.2022.154275

 155. Lopaschuk GD, Ussher JR. Evolving concepts of myocardial energy metabolism: more than just fats and carbohydrates. Circ Res. (2016) 119:1173–6. doi: 10.1161/CIRCRESAHA.116.310078

 156. Alexandre J, Cautela J, Ederhy S, Damaj GL, Salem JE, Barlesi F, et al. Cardiovascular toxicity related to cancer treatment: a pragmatic approach to the American and European cardio-oncology guidelines. J Am Heart Assoc. (2020) 9:e018403. doi: 10.1161/JAHA.120.018403

 157. Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, et al. Cancer treatment and survivorship statistics, 2016. CA Cancer J Clin. (2016) 66:271–89. doi: 10.3322/caac.21349

 158. Adhikari BB, Shi S, Dimond EP, Shelburne N, Desvigne-Nickens P, Minasian LM. Spectrum of national institutes of health-funded research in cardio-oncology: a basic, clinical, and observational science perspective. Heart Fail Clin. (2022) 18:515–28. doi: 10.1016/j.hfc.2022.01.001

 159. Cai SQ, Shang MY, Xu F, Liu GX. Efficacy theory may help to explain characteristic advantages of traditional Chinese medicines. Chin J Chin Materia Medica. (2015) 40:3435–43.

 160. Li ZM, Xu SW, Liu PQ. Salvia miltiorrhiza Burge (Danshen): a golden herbal medicine in cardiovascular therapeutics. Acta Pharmacol Sin. (2018) 39:802–24. doi: 10.1038/aps.2017.193

 161. Wang X, Yang Y, Liu X, Gao X. Pharmacological properties of tanshinones, the natural products from Salvia miltiorrhiza. Adv Pharmacol. (2020) 87:43–70. doi: 10.1016/bs.apha.2019.10.001

 162. Ren J, Fu L, Nile SH, Zhang J, Kai G. Salvia miltiorrhiza in treating cardiovascular diseases: a review on its pharmacological and clinical applications. Front Pharmacol. (2019) 10:753. doi: 10.3389/fphar.2019.00753

 163. Tian XH, Wu JH. Tanshinone derivatives: a patent review (January 2006 - September 2012). Expert Opin Ther Pat. (2013) 23:19–29. doi: 10.1517/13543776.2013.736494

 164. Bian YQ, Li J, Peng S, Lyu TY, Zhang YL, Qiao YJ. [Exploration of potential efficacy markers of Astragali Radix for invigorating Qi based on systematic traditional Chinese medicine]. Zhongguo Zhong Yao Za Zhi. (2020) 45:3266–74.

 165. Zhang J, Wu C, Gao L, Du G, Qin X. Astragaloside IV derived from astragalus membranaceus: a research review on the pharmacological effects. Adv Pharmacol. (2020) 87:89–112. doi: 10.1016/bs.apha.2019.08.002

 166. Liu H, Lu X, Hu Y, Fan X. Chemical constituents of Panax ginseng and Panax notoginseng explain why they differ in therapeutic efficacy. Pharmacol Res. (2020) 161:105263. doi: 10.1016/j.phrs.2020.105263

 167. Wei WL, Zeng R, Gu CM, Qu Y, Huang LF. Angelica sinensis in China-a review of botanical profile, ethnopharmacology, phytochemistry and chemical analysis. J Ethnopharmacol. (2016) 190:116–41. doi: 10.1016/j.jep.2016.05.023

 168. Sun JY, Qu Q, Lou YX, Hua Y, Sun GZ, Sun W, et al. Cardiotoxicity in cancer immune-checkpoint therapy: mechanisms, clinical evidence, and management strategies. Int J Cardiol. (2021) 344:170–8. doi: 10.1016/j.ijcard.2021.09.041

 169. Liu Y, Wu W. Cardiovascular immune-related adverse events: evaluation, diagnosis and management. Asia Pac J Clin Oncol. (2020) 16:232–40. doi: 10.1111/ajco.13326

 170. Zhao Z, Li J, Zheng B, Liang Y, Shi J, Zhang J, et al. Ameliorative effects and mechanism of crocetin in arsenic trioxide-induced cardiotoxicity in rats. Mol Med Rep. (2020) 22:5271–81. doi: 10.3892/mmr.2020.11587

 171. Liang Y, Zheng B, Li J, Shi J, Chu L, Han X, et al. Crocin ameliorates arsenic trioxide-induced cardiotoxicity via Keap1-Nrf2/HO-1 pathway: reducing oxidative stress, inflammation, and apoptosis. Biomed Pharmacother. (2020) 131:110713. doi: 10.1016/j.biopha.2020.110713

 172. Zheng B, Yang Y, Li J, Li J, Zuo S, Chu X, et al. Magnesium isoglycyrrhizinate alleviates arsenic trioxide-induced cardiotoxicity: contribution of Nrf2 and TLR4/NF-κB signaling pathway. Drug Des Devel Ther. (2021) 15:543–56. doi: 10.2147/DDDT.S296405

 173. Piegari E, Cozzolino A, Ciuffreda LP, Cappetta D, De Angelis A, Urbanek K, et al. Cardioprotective effects of miR-34a silencing in a rat model of doxorubicin toxicity. Sci Rep. (2020) 10:12250. doi: 10.1038/s41598-020-69038-3

 174. Fu Q, Pan H, Tang Y, Rong J, Zheng Z. MiR-200a-3p aggravates DOX-induced cardiotoxicity by targeting PEG3 through SIRT1/NF-κB signal pathway. Cardiovasc Toxicol. (2021) 21:302–13. doi: 10.1007/s12012-020-09620-3

 175. Sun W, Xu J, Wang L, Jiang Y, Cui J, Su X, et al. Non-coding RNAs in cancer therapy-induced cardiotoxicity: mechanisms, biomarkers, and treatments. Front Cardiovasc Med. (2022) 9:946137. doi: 10.3389/fcvm.2022.946137

 176. Maneechote C, Khuanjing T, Ongnok B, Arinno A, Prathumsap N, Chunchai T, et al. Promoting mitochondrial fusion in doxorubicin-induced cardiotoxicity: a novel therapeutic target for cardioprotection. Clin Sci. (2022) 136:841–60. doi: 10.1042/CS20220074

 177. Ye B, Shi X, Xu J, Dai S, Xu J, Fan X, et al. Gasdermin D mediates doxorubicin-induced cardiomyocyte pyroptosis and cardiotoxicity via directly binding to doxorubicin and changes in mitochondrial damage. Transl Res. (2022) 248:36–50. doi: 10.1016/j.trsl.2022.05.001













	 
	

	TYPE Systematic Review
PUBLISHED 16 November 2022
DOI 10.3389/fcvm.2022.1038480





Traditional Chinese medicine method of tonifying kidney for hypertension: Clinical evidence and molecular mechanisms

Qingqing Wang1†, Jianguo Lin1,2†, Cheng Li3, Mingshan Lin4, Qing Zhang4, Xiaoxiao Zhang1 and Kuiwu Yao1,3*

1Guang’anmen Hospital, China Academy of Chinese Medical Sciences, Beijing, China

2Tianjin University of Traditional Chinese Medicine, Tianjin, China

3Eye Hospital China Academy of Chinese Medical Sciences, Beijing, China

4Beijing University of Chinese Medicine, Beijing, China

[image: image]

OPEN ACCESS

EDITED BY
Yaozu Xiang, Tongji University, China

REVIEWED BY
Jiangang Liu, Xiyuan Hospital (CACMS), China
Hao Xu, Shanghai University of Traditional Chinese Medicine, China

*CORRESPONDENCE
Kuiwu Yao, yaokuiwu@126.com

†These authors have contributed equally to this work and share first authorship

SPECIALTY SECTION
This article was submitted to Cardiovascular Epidemiology and Prevention, a section of the journal Frontiers in Cardiovascular Medicine

RECEIVED 07 September 2022
ACCEPTED 27 October 2022
PUBLISHED 16 November 2022

CITATION
Wang Q, Lin J, Li C, Lin M, Zhang Q, Zhang X and Yao K (2022) Traditional Chinese medicine method of tonifying kidney for hypertension: Clinical evidence and molecular mechanisms.
Front. Cardiovasc. Med. 9:1038480.
doi: 10.3389/fcvm.2022.1038480

COPYRIGHT
© 2022 Wang, Lin, Li, Lin, Zhang, Zhang and Yao. 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.

Hypertension is the most common chronic disease. A large amount of evidence showed that traditional Chinese medicine (TCM) method of tonifying kidney (TK) combined with routine treatment is more effective and safer in the treatment of hypertension. This study integrated meta-analysis, data mining, and network pharmacology to explore the efficacy and potential mechanisms of TK in the treatment of hypertension. Meta-analysis was performed to explore the efficacy and safety of TK combined with routine treatment in the treatment of hypertension. Data mining was used to screen the core herbs of the TK. Network pharmacology was used to predict the antihypertensive mechanism of TK core herbs. A total of 18 studies with 2,024 patients were included in this study. Meta-analysis showed that TK combined with routine treatment was superior to routine treatment alone in lowering blood pressure (systolic and diastolic blood pressures), lowering blood lipids (total cholesterol, triglyceride, low-density lipoprotein cholesterol), improving vascular endothelial functions (nitric oxide, endothelin) and TCM symptoms (headache dizziness, soreness, and weakness of waist and knees). In addition, TK was safe and has no obvious adverse reactions. Data mining showed that the core herbs of TK were Eucommia ulmoides Oliv. (Duzhong), Vitex negundo L. (Huangjing), Taxillus chinensis (DC.) Danser (Sangjisheng), Ligustrum lucidum W.T.Aiton (Nuzhenzi), Astragalus mongholicus Bunge (Huangqi), Rehmannia glutinosa (Gaertn.) DC. (Shudihuang). Network pharmacology predicted that core herbs antihypertensive components were oleanolic acid, ursolic acid, and civetone, and the antihypertensive targets were NOS3, NOS2, MMP9, TNF, PTGS2, HMOX1. In addition, the antihypertensive targets were enriched in cGMP-PKG signaling pathway, calcium signaling pathway, aldosterone-regulated sodium reabsorption, HIF-1 signaling pathway. In conclusion, TK combined with routine treatment for hypertension is effective and safe. The mechanism of TK may be related to GMP-PKG signaling pathway, calcium signaling pathway, aldosterone-regulated sodium reabsorption. On the premise of syndrome differentiation and treatment, it is promising to treat hypertension with TK.

Systematic review registration: [https://www.crd.york.ac.uk/prospero/], identifier [CRD42022358276].
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Introduction

Hypertension is the most common chronic disease. The 2012–2015 China Hypertension Survey showed that 23.2% (≈244.5 million) of Chinese adults had hypertension, and another 41.3% (≈435.3 million) had prehypertension. Almost half of the hypertensive population were aware of their hypertension, 40.7% were treated, and only 15.3% achieved blood pressure control (1, 2). Elevated blood pressure is to blame for around half of all vascular fatalities in China. Systolic blood pressure (SBP) rises by 10 mmHg, increasing the risk of ischemic heart disease by around 30% (3). Hypertension is usually treated with western medicine for a long time, but this is often accompanied by problems such as decreased patient compliance, increased social and economic burden, and increased risk of adverse reactions (4–6). In summary, hypertension is a major public health challenge in the world. It is necessary to improve the ability to prevent and treat hypertension.

Traditional Chinese medicine (TCM) has a history of more than 2,000 years and is widely used in China to treat various diseases and has achieved remarkable curative effects. Substantial evidence is that TCM therapy is more effective and safer for hypertension (7–10). Hypertension is a “vertigo” in TCM. According to the theory of TCM, hypertension is related to the liver and kidney, and the main syndrome type is Yin deficiency and Yang excess. At present, more and more scholars believe that kidney deficiency is the key pathology of hypertension, especially kidney deficiency is closely related to senile hypertension (11). Most patients with hypertension have a long course of the disease and are complicated with coronary heart disease, hyperlipidemia, diabetes, and other chronic diseases. These diseases are closely related to kidney deficiency syndrome in the later stage, often with dizziness, forgetfulness, fatigue, waist and knee soreness, and other symptoms. The tonifying kidney (TK) method (such as Liuwei Dihuang pills, Jingui Shenqi pills, and Qiju Dihuang pills) can effectively treat many symptoms of hypertension of kidney deficiency type (12–14).

In recent years, there have been a large number of randomized controlled trials (RCTs) of classical prescription, self-designed prescription, and Chinese patent medicine in the treatment of hypertension according to the method of TK. However, there is still a lack of systematic reviews on the safety and efficacy of these studies, and the molecular mechanism of TK antihypertensive methods is also unclear. Network pharmacology can clarify the mechanism of drugs at the molecular level, explain the complex relationship between drugs and organisms, and analyze the synergistic effect of multiple drugs, which plays an important role in the mechanism discussion of TCM (15, 16).

Therefore, this study aimed to systematically review and evaluate the efficacy and safety of TK in the treatment of hypertension, and to explore the mechanism of TK by combining data mining and network pharmacology.



Materials and methods


Meta-analysis

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (17). The study protocol (CRD42022358276) was registered in the PROSPERO.1


Eligibility criteria


(1)Types of Studies: RCTs of TK combined with routine treatment (RT) for the treatment of hypertension.

(2)Types of Participants: Participants who meet the diagnostic criteria of essential hypertension. The diagnostic criteria can refer to the diagnostic criteria of the Chinese Guidelines for the prevention and treatment of Hypertension 2018 and its past versions (18). The gender, age, race, onset time, and onset years of the participants were not restricted.

(3)Types of Interventions: The experimental group received TK combined with RT. The control group received RT. The dosage, usage, and course of treatment were not restricted.

(4)Types of Outcome Measures: The outcome measures were: clinical efficacy rate, SBP, diastolic blood pressure (DBP), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), nitric oxide (NO), endothelin (ET-1), and TCM symptom.





Exclusion criteria

Exclusion criteria were as follows: (1) Duplicate published studies; (2) Studies with incorrect or incomplete data; (3) Unable to extract data for research; (4) Review and study on animal experiments.



Literature search strategy

The literature related to the efficacy and safety of TK for hypertension was searched in six electronic databases, including the China National Knowledge Infrastructure (CNKI), Wanfang Database, VIP Information Database, Cochrane Central Register of Controlled Trials, EMBASE, and PubMed, from the beginning to August 2022. The following keywords were used as search strategy and modified according to different databases: “tonifying kidney” “reinforcing kidney” “dihuang” “kidney nourishing” “hypertension” and “high blood pressure.”



Data extraction

Two researchers (ML and QZ) independently extracted and summarized all relevant data from the original literature, including the investigator, publication year, sample size, age, gender, diagnostic criteria, intervention, duration of intervention, and outcome measures. Any disagreements regarding data extraction will be discussed and resolved with the third researcher (XZ). When necessary, literature details could be asked by email. NoteExpress Reference Management Software was used to organize literature and generate citations.



Risk of bias and quality assessment

Two researchers (ML and QZ) assessed the risk bias of the included studies by the Cochrane Risk of Bias Assessment Tool (19), which included 7 items (1) random sequence generation; (2) whether allocation concealment was implemented; (3) whether the investigators and subjects were blinded; (4) whether the outcome evaluators were blinded; (5) whether the outcome data were complete; (6) whether there was selective outcome reporting; (7) whether there were other sources of bias. The evaluation was based on 3 evaluation criteria: low risk, high risk, and unclear risk. Any disagreements regarding the risk of bias and quality assessment will be discussed and resolved with the third researcher (XZ).



Statistical analysis

The Stata 17.0 software (Stata Corp., College Station, TX, USA) was applied to perform the meta-analysis. Standardized mean difference (SMD) was utilized for continuous outcomes. Risk ratio (RR) was utilized for dichotomous outcomes. All of them were expressed with a 95% confidence interval (CI). Heterogeneity was tested using the Q test. If I2 ≤ 50%, the fixed-effects model was selected, and if I2 > 50%, the random-effects model was selected. The publication bias was estimated by Egger’s test and funnel plot. Results were considered statistically significant when p < 0.05.




Data mining


Data extraction of prescription

Two researchers (ML and QZ) independently extracted the TK prescriptions involved in the trials. The names of the herbs were standardized according to the Chinese Pharmacopoeia (20). Any disagreements regarding data extraction will be discussed and resolved with the third researcher (XZ). Excel 2019 software was used to establish the database.



Core prescription extraction

Association analysis was performed using IBM SPSS Modeler 18.0 software. The core herb pairs and herb groups were identified using the Apriori algorithm. The parameters were set to support ≥ 20%, confidence ≥ 90%, and the maximum number of antecedents was 2. Subsequently, core herbs were selected for network pharmacology analysis.




Network pharmacology


Data preparation

BATMAN-TCM2 (21) was used to collect the active components and targets of core herbs. The parameters were set as score>30 and P< 0.05. GeneCards3 (22) and DisGeNET4 (23) were used to collect the targets of hypertension. GeneCards parameters were set as relevance score ≥ 4. DisGeNET parameters were set as gene-disease association score ≥ 0.2.



Protein–protein interaction and enrichment analysis

The obtained targets were submitted to the STRING database5 (24), for protein--protein interaction (PPI) analysis. Meanwhile, the Metascape database6 (25) was used for enrichment analysis, which included Kyoto encyclopedia of genes and genomes (KEGG), biological process (BP), cellular components (CC), and molecular function (MF). In addition, Cytoscape 3.9.1 software (26) was used to construct the correlation network. The networks included compound-target network and PPI network. CytoHubba plug-in was used to screen key targets.



Molecular docking

The interaction between the target and compound was predicted by Pymol software, Autodock Vina (27), and LigPlot + (28). The crystal structure of the target was obtained through the PDB database.7 The structure of the compounds was obtained through the PubChem database.8





Results


Meta-analysis results


Eligible studies

A total of 662 studies were retrieved. After the elimination of duplications by NoteExpress and manual assistance, 350 studies remained. After reading the abstracts and titles, 47 studies remained. After reading the full text, 18 studies were finally included (29–46). The screening flow chart was shown in Figure 1.


[image: image]

FIGURE 1
Flow diagram of the study screening.




Characteristics of studies

A total of 18 RCTs involving 2,024 patients (TK group: 1,014, RT group: 1,010) were included. All the studies were from China. The studies were published from 2013 to 2022. The longest intervention duration was 24 weeks, and the shortest was 4 weeks. The types of hypertension included essential hypertension, isolated systolic hypertension (ISH), and senile hypertension. The basic characteristics of all the included studies were shown in Table 1.


TABLE 1    Basic characteristics of included studies.

[image: Table 1]



Risk of bias

The results of the risk of bias were presented in Figure 2. All studies described the generation of random sequences (random number table). Three studies described allocation concealment and blinded (43, 44, 46). The remaining fifteen studies did not mention allocation concealment, blinded. Overall, the quality grade of the literature is not high.
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FIGURE 2
Risk of bias of included studies.




Meta-analysis results

The calculated results of all meta-analyses were shown in Table 2.


TABLE 2    Calculation results of the meta-analysis.
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Clinical efficacy rate

Twelve trials assessed the clinical efficacy rate of TK on hypertension in this study. There were 733 patients in the TK group and 718 in the RT group. Meta-analysis indicated that TK combined with RT can significantly increase the clinical effective rate than RT (RR = 1.21, 95% CI [1.16, 1.27], I2 = 0%, P< 0.05, Figure 3).


[image: image]

FIGURE 3
Forest plot of clinical efficacy rate.




Blood pressure

Seventeen trials assessed blood pressure. There were 948 patients in the TK group and 944 in the RT group. Meta-analysis indicated that TK combined with RT could significantly reduce systolic and diastolic blood pressure compared with RT alone (SBP: SMD = −1.14, 95% CI [-1.48, -0.81], I2 = 91.11%, P< 0.05; DBP: SMD = −0.55, 95% CI [-0.92, -0.19], I2 = 93.22%, P< 0.05). Further, subgroup analysis was performed according to types of hypertension. In hypertensive patients, the subgroup analysis revealed that TK combined with RT could significantly reduce SBP and DBP compared with RT alone (SBP: SMD = −0.95, 95% CI [-1.32, -0.57], I2 = 88.92%, P< 0.05; DBP: SMD = −0.98, 95% CI[-1.37, -0.59], I2 = 89.69%, P< 0.05). In ISH patients, subgroup analysis revealed that TK combined with RT could significantly reduce SBP compared with RT alone (SMD = −1.43, 95% CI [-2.01, -0.85], I2 = 91.89%, P< 0.05), but there was no significant difference between RT and TK groups in reducing DBP (SMD = 0.06, 95% CI [-0.29, 0.41], I2 = 81.89%, P = 0.72), as shown in Figure 4. We performed a sensitivity analysis using the method of excluding studies one by one according to the Galbraith plot (Supplementary Figure 1), and the results showed that the heterogeneity was still more than 60%, but it did not affect the results, indicating that the results of the meta-analysis were reliable. We speculate that increased heterogeneity resulted from the use of the post-intervention mean. We once considered using mean changes for meta-analysis, but the correlation coefficient we obtained was less than 0.5, according to the Cochrane Handbook (Version 6.3, 6.5.2.8) (47), if a value less than 0.5 is obtained, then there is little benefit in using change from baseline.
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FIGURE 4
Forest plot of blood pressure. (A) Systolic blood pressure; (B) diastolic blood pressure.




Blood lipids

Four trials assessed the blood lipids. There were 234 patients in the TK group and 234 in the RT group. Meta-analysis indicated that compared to the RT group, TK combined with RT could significantly improve TC (SMD = −1.47, 95% CI [-2.34, -0.60], I2 = 94.26%, P< 0.05, Figure 5A), TG (SMD = −2.68, 95% CI [-4.22, -1.15], I2 = 97.49%, P< 0.05, Figure 5B), LDL-C (SMD = −1.18, 95% CI [-1.89, -0.46], I2 = 92.21%, P< 0.05, Figure 5C), but there was no significant difference in HDL-C (SMD = 0.17, 95% CI [-0.48, 0.82], I2 = 91.87%, P = 0.61, Figure 5D). We speculate that the reason for the high heterogeneity is the use of post-intervention averages.
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FIGURE 5
Forest plot of blood lipids. (A) Total cholesterol; (B) triglyceride; (C) low-density lipoprotein cholesterol; (D) high-density lipoprotein cholesterol.




Endothelial function

Seven trials reported endothelial function. There were 394 patients in the TK group and 394 in the RT group. Meta-analysis showed that TK combined with RT could significantly increase NO compared with RT alone (SMD = 2.30, 95% CI[0.73, 3.88], I2 = 98.75%, P< 0.05, Figure 6A). In addition, compared to the RT alone, TK combined with RT could significantly decrease ET-1 (SMD = −1.66, 95% CI [-2.42, -0.89], I2 = 95.30%, P < 0.05, Figure 6B). Sensitivity analysis suggested that the heterogeneity was caused by the different measurement methods and units of NO and ET-1.
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FIGURE 6
Forest plot of endothelial function. (A) Nitric oxide; (B) endothelin.




Traditional Chinese medicine symptoms

Four trials reported TCM symptoms. There were 262 patients in the TK group and 262 in the RT group. Meta-analysis showed that TK combined with RT could significantly improve the TCM symptoms (Headache dizziness: SMD = −3.24, 95% CI [-5.84, -0.64], I2 = 99.11%, P = 0.01, Figure 7A; Soreness and weakness of waist and knees: SMD = −2.30, 95% CI [−4.33, −0.27], I2 = 98.93%, P = 0.03, Figure 7B). Sensitivity analysis showed that different evaluation criteria of the TCM scale resulted in large differences in scores, which may be the cause of heterogeneity.


[image: image]

FIGURE 7
Forest plot of TCM symptoms. (A) Headache dizziness; (B) soreness and weakness of waist and knees.




Adverse reactions

Seven trials reported the safety of the drugs in this study (7/18, 38.89%) (31, 35, 37, 39, 42–44). Three trials no adverse reactions during the study (39, 42, 43). There were 5 cases of adverse reactions in the RT group and TK group in all trials, respectively (31, 35, 37, 44). Adverse reactions included dizziness, nausea, abdominal distension, diarrhea, skin flushing, etc. The symptoms of adverse reactions are mild, tolerable, and self-remitting. Serious adverse reactions and liver and kidney function damage occurred in all the trials.



Publication bias

Clinical efficacy rate and SBP were evaluated by publication bias. The funnel plot and Egger’s test indicated no publication bias (Clinical efficacy rate: P = 0.2573, Figure 8A; SBP: P = 0.4199, Figure 8B).


[image: image]

FIGURE 8
Funnel plot. (A) Clinical efficacy rate; (B) systolic blood pressure.





Data mining results


Characteristics of prescriptions

The basic characteristics of prescriptions were shown in Supplementary Table 1. A total of 18 prescriptions were included. There are 53 kinds of herbs in total. The most frequent occurrence of herbs was Eucommia ulmoides Oliv. (Duzhong, DZ), Taxillus chinensis (DC.) Danser (Sangjisheng, SJS), Astragalus mongholicus Bunge (Huangqi, HQ), Rehmannia glutinosa (Gaertn.) DC. (Shudihuang, SDH), Achyranthes bidentata Blume (Niuxi, NX). The functions of these herbs were mainly tonifying kidney and promoting blood circulation.



Herbs association rule analysis

SPSS Modeler 18 was used to analyze the association rules of prescriptions, and the results were shown in Supplementary Table 2. The herbs association network was shown in Figure 9. Combined with the ranking of support degree and confidence degree, it can be seen that the core herb pairs were Duzhong-Huangjing, Huangqi-Nuzhenzi, Sangjisheng-Nuzhenzi, and the core herb group were Sangjisheng-Nuzhenzi-Huangqi, Niuxi-Nuzhenzi-Yinyanghuo, and Duzhong-Zexie-Niuxi. Based on the results of the data mining study, and also based on the principles of TK formulation, we selected Duzhong, Huangjing, Sangjisheng, Nuzhenzi, Huangqi, and Shudihuang as the core herbs for the network pharmacology study.


[image: image]

FIGURE 9
Herbs association network.





Network pharmacology


Active compounds analysis

A total of 66 active ingredients and 537 targets corresponding to the active ingredients were collected. A total of 223 disease intersection targets were obtained. A total of 41 overlapping targets were obtained (Figure 10A). Subsequently, the compound-target network was made by Cytoscape (Figure 10B). Finally, analyzing network plug-in was used to screen the active compounds according to degree (Table 3).


[image: image]

FIGURE 10
Network pharmacological analysis. (A) VEEN of disease and herb targets; (B) compound-target network; (C) screening of PPI key targets.



TABLE 3    Key active compounds.
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Protein–protein interaction and gene enrichment analysis

STRING was used for PPI analysis, and then CytoHubba was used to screen key targets according to degree (Figure 10C) and using Cytoscape to screen key targets. The key targets were NOS3, NOS2, ALB, MMP9, TNF, PTGS2, ARG1, HMOX1, PPARG, and INS. Gene enrichment analysis indicated that the main KEGG items were cGMP-PKG signaling pathway, calcium signaling pathway, aldosterone-regulated sodium reabsorption, HIF-1 signaling pathway, endocrine and other factor-regulated calcium reabsorption, AMPK signaling pathway (Figure 11A); The main BP items were blood circulation, response to hormone, positive regulation of small molecule metabolic process, inflammatory response, cellular response to organonitrogen compound (Figure 11B); The main MF items were tetrahydrobiopterin binding, oxygen binding, catecholamine binding, monocarboxylic acid binding, neurotransmitter receptor activity (Figure 11C); The main CC items were neuronal cell body, sarcolemma, axon terminus, plasma membrane protein complex, perinuclear region of cytoplasm (Figure 11D).
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FIGURE 11
Gene enrichment analysis. (A) KEGG; (B) biological process; (C) molecular function; (D) cellular components.




Analysis of molecular docking

Through integrating data from sections “Active compounds analysis” and “Protein–protein interaction and gene enrichment analysis,” selected NOS3(PDBID:1m9j), HMOX1 (PDBID: 1n3u), PTGS2(PDBID: 5f19) as molecular docking proteins, selected oleanolic acid (CID: 10494), and ursolic acid (CID: 64945) as binding ligands. The results showed that the docking energy was ≤ −8 kcal⋅mol–1. Pymol and LigPlot + were used to draw the result of molecular docking (Figure 12).


[image: image]

FIGURE 12
Molecular docking.






Discussion

Cardiovascular disease has become the disease with the highest morbidity and mortality in the world. Long-term hypertension is an important risk factor leading to the continuous increase in the prevalence of cardiovascular disease (48). The mechanism of hypertension is like an equation. The blood pressure equation can be approximated by Ohm’s law modified by fluid dynamics (pressure = flow × resistance), and the homeostasis system of blood pressure and its various hormonal regulators, including the vascular system, the central and sympathetic nervous systems, and the kidney, are the key to solving the hypertension equation (49). Fortunately, TCM is a great treasure trove, another key to unlocking the hypertension equation. According to TCM theory, “kidney governing water metabolism,” and the kidney has the function of regulating the metabolism of water and fluid in the human body. By warming the kidney Yang, the effect of water evaporation can be achieved. The elderly usually has kidney-jing deficiency, so tonifying the kidney can strengthen the body’s essence qi, activate immunity, and finally achieve the effect of lowering blood pressure.

This study was the first to integrate meta-analysis, data mining, and network pharmacology to explore the efficacy and potential mechanisms of TK in the treatment of hypertension. A total of 18 studies with 2,024 patients were included in this study. Meta-analysis showed that TK combined with RT was superior to RT alone in lowering blood pressure (SBP, DBP), lowering blood lipids (TG, TC, LDL-C), improving vascular endothelial functions (NO, ET-1) and TCM symptoms (headache dizziness, soreness and weakness of waist and knees). In addition, TK combined with RT was safe and has no obvious adverse reactions. It is worth noting that in patients with ISH, TK combined with RT did not differ from RT alone in lowering DBP. In this study, 88.8% (1,798 cases) of the subjects were senile hypertension, and 36.6% (740 cases) of the subjects were ISH. It can be speculated that TK is most suitable for elderly patients with kidney deficiency hypertension.

In this study, the data mining method was used to analyze and process the prescriptions involved in the TK. By analyzing the 18 prescriptions, we found that the TK used kidney-tonifying herbs as monarch herbs (such as Sangjisheng, Shudihuang, Duzhong, Nuzhenzi, Huangjing, Shanyao, Shanzhuyu), blood-activating and pulse-activating herbs as minister herbs (such as Danshen, Taoren, Honghua, Mudanpi, Chuanxiong), and water-disinhibiting herbs as adjuvant herbs (such as Fuling, Zexie, Yimucao). It is worth noting that most prescriptions were based on Liuwei Dihuang pills. Studies have shown that Liuwei Dihuang pills have the effect of regulating neurotransmitters in the brain, inhibiting the transformation of vascular smooth muscle cell phenotype, and improving immunity and anti-atherosclerosis (50–52). Next, through association analysis, we found that the core herb pairs of TK were Duzhong-Huangjing, Huangqi-Nuzhenzi, and Sangjisheng-Nuzhenzi. Finally, based on the theory of principle-method-recipe-medicines, we selected Duzhong, Huangjing, Sangjisheng, Nuzhenzi, Huangqi, and Shudihuang as the core herbs for the network pharmacology study.

The current principles of antihypertensive drugs include the excretion of natriuresis and diuresis, reducing blood volume; blocking calcium channels on the cell membrane of cardiomyocytes and vascular smooth muscle cells; and inhibiting the renin-angiotensin-aldosterone system. Thus, modulation of the balance between vasodilatory and vasoconstrictor targets is a potential measure of antihypertension. Through network pharmacology, we found that the main active components of TK were ursolic acid, oleanolic acid, civetone, pinosylvin, and the antihypertensive targets of TK were NOS3, NOS2, MMP9, TNF, PTGS2, HMOX1. Gene enrichment analysis showed that the antihypertensive targets were enriched in cGMP-PKG signaling pathway, calcium signaling pathway, aldosterone-regulated sodium reabsorption, HIF-1 signaling pathway, endocrine and other factor-regulated calcium reabsorption, and AMPK signaling pathway. The NO-cGMP signaling pathway is a well-known pathway for blood pressure regulation, and drugs directly targeting this pathway are currently the most promising new antihypertensive drugs (53). NO is a gas signaling molecule synthesized by three different isoforms of NOS enzymes: neuronal NOS (nNOS, NOS1), inducible NOS (iNOS, NOS2), and endothelial NOS (eNOS, NOS3). NO is produced in the vascular endothelial cells because it is fat-soluble, quickly permeates the cell membrane, and diffused downward into the smooth muscle cells, relaxing them, dilating blood vessels, and ultimately lowering blood pressure (54). Oleanolic acid is a widely distributed, bioactive pentacyclic triterpenoid. Studies have shown that oleanolic acid can prevent dexamethasone-induced hypertension in rats, which may be related to the antioxidant and NO release (55). Similarly, Bachhav et al. found that oleanolic acid reduced hypertension in L-NAME hypertensive rats by diuretic, and nephroprotective effects (56). Ursolic acid is a natural pentacyclic triterpenoid that activated both NO/cGMP and H2S/KATP pathways, resulting in synergistic vasodilation (57). In addition, Ursolic acid can reduce blood lipids and prevent atherosclerosis by regulating the balance of vasoactive components (ET-1, eNOS, Thromboxane A2, vascular cell adhesion molecule-1) (58). Finally, molecular docking was performed to further demonstrate the interaction between the active components and the targets. The results showed that the receptor and ligand were stably bound with stable hydrogen bonds.

This meta-analysis has limitations: Most of the included studies were Chinese clinical trials with small sample sizes, and the study protocol was not strictly implemented. Due to the lack of long-term follow-up of patients, it is not possible to confirm the long-term effect of integrated TK combined with RT in the treatment of hypertension. The methodological quality of the included studies was generally low, and the random sequence generation, random concealment scheme, and blinded implementation were not clearly stated. There were great differences in the variety, dosage, and course of treatment of the intervention measures. Among the outcome measures, TCM syndrome scores were quite subjective, statistical methods were quite different, and lack of a unity scale. It is hoped that in the future, TCM research can scientifically express the high-quality research evidence produced by the evidence-based practice of TCM in the internationally common “language.”



Conclusion

In conclusion, this study showed that TK combined with RT for hypertension (clinical efficacy rate, SBP, DBP, TC, TG, LDL-C, NO, ET-1, headache dizziness, soreness and weakness of waist and knees) is effective and safe. The mechanism of TK may be related to GMP-PKG signaling pathway, calcium signaling pathway, aldosterone-regulated sodium reabsorption. On the premise of syndrome differentiation and treatment, it is promising to treat hypertension with tonifying kidney method.
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1     https://www.crd.york.ac.uk/prospero/

2     http://bionet.ncpsb.org.cn/batman-tcm/

3     https://www.genecards.org/
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Background: Heart failure is a chronic progressive condition that significantly affects the quality of life of patients with high hospitalization and mortality rates. Jiashen tablets (JST), a Chinese herbal formula, have been reported to be an effective treatment against heart failure, however the underlying mechanisms remain obscure. This study was designed to determine the effect of JST on the treatment of heart failure and delineate the underlying mechanisms by an untargeted metabolomics approach.

Materials and methods: The chronic heart failure model was established by the permanent ligation of the left anterior descending coronary artery in rats. The cardiac functions of rats, including left ventricular ejection fraction (LVEF) and fractional shortening (LVFS), left ventricular internal diameter end diastole (LVIDd) and end systole (LVIDs), and interventricular septum thickness in diastole (IVSd) and in systole (IVSs), were measured by echocardiography. Biochemical analysis and histopathological examination were also performed to evaluate therapeutic effects of JST for treating heart failure. UHPLC-QTOF-MS/MS coupled with multivariate statistical analyses were applied for plasma metabolic profiling to identify biomarkers and potential mechanisms of JST in the treatment of heart failure.

Results: Jiashen tablets could improve the cardiac function of heart failure rats and thus ameliorate heart failure via enhancing rat LVEF and LVFS and decreasing LVIDd, LVIDs, IVSd, and IVSs. Results of biochemical analysis and histopathological examination revealed that JST could reduce the serum lactate dehydrogenase (LDH) activity and the level of NT-pro BNP, markers of heart failure and myocardial damage, and inhibit myocardial fibrosis. Furthermore, in metabolomics analysis, a total of 210 metabolites with significant differences were identified between heart failure rats and normal rats, among which 29 metabolites were significantly restored after JST treatment. These metabolites were primarily involved in tryptophan metabolism, branched-chain amino acid metabolism, fatty acids β-oxidation, and glycerophospholipid metabolism.

Conclusion: The present study illustrated the therapeutic effect of JST for the treatment of heart failure and delineated the underlying mechanisms mainly relating to the regulation of amino acid metabolism and lipid metabolism in heart failure rats.

KEYWORDS
heart failure, Jiashen tablets, LAD ligation, cardiac function, plasma metabolomics


Introduction

Heart failure is a chronic progressive cardiovascular disease characterized by abnormal cardiac function, myocardial hypertrophy, and myocardial remodeling due to impaired systolic or diastolic function of the heart (1, 2). The prevalence of heart failure in 2021 is estimated to be 1.5–1.9% in the United States and 1–2% in Europe (3). Epidemiological studies showed that the incidence of heart failure was almost flat or decreasing; however, the burden of mortality and hospitalization remained unabated despite significant efforts putting in the treatment and management of heart failure (3). Oxidative stress and inflammatory responses, excessive myocardial fibrosis, abnormalities in calcium cycling, and abnormal mitochondrial function represent the key mechanisms underlying heart failure (4). Drugs currently used to treat heart failure mainly include angiotensin-converting enzyme inhibitors, β-blockers, salt corticosteroid receptor antagonists, aldosterone receptor antagonists, and diuretics (5). However, the long-term use of those drugs can lead to adverse effects such as hypotension, fluid depletion and electrolyte disturbances (6, 7). Therefore, there remains a large unmet need for new therapies in the treatment of heart failure.

Herbal compound formulas of traditional Chinese medicine (TCM) are a specific combination of multiple herbs, which have the advantage of fewer side effects for treating multi-factorial diseases. Several herbal compound formulas of TCM have been clinically used for the treatment of heart failure, such as Buyanghuanwu decoction, Qishenyiqi dropping pills, and Qiliqiangxin (QLQX) capsules (8–10). Jiashen tablets (JST), which consists of Huangqi (Astragali Radix), Danshen (Salviae Miltiorrhizae Radix et Rhizoma), Xiangjiapi (Periplocae Cortex), Sanqi (Notoginseng Radix et Rhizoma), Yimucao (Leonuri Herba), Chenpi (Citri Reticulatae Pericarpium), Guizhi (Cinnamomi Ramulus), and Tinglizi (Descurainiae Semen Lepidii Semen), is a clinical prescription used for treating heart failure. Previous chemical studies showed that there were 68 components identified in JST, mainly including phenolic acids, tanshinones, flavonoids, and their glycosides, cardiac glycosides, triterpene saponins, and C21 steroids (11). It has been reported that JST could enhance cardiac function and alleviate heart failure through inhibiting myocardial inflammation and apoptosis, intervening in the neuroendocrine system, and preventing adverse ventricular remodeling after acute myocardial injury (12–16). However, the mechanisms of JST in the treatment of heart failure have not been well-characterized, which has become an obstacle to its clinical application.

Metabolomics is a top-down, high-throughput analytical tool centered on the detection, analysis and identification of metabolites (17), which can be used to identify the dynamic processes of endogenous biomarkers, discover early disease markers of drugs, and explore the mechanisms of drugs on diseases (18). Therefore, in order to explore possible mechanisms of JST for treating heart failure, an untargeted metabolomics based on UHPLC-QTOF-MS/MS analysis was performed in the present study. The rat model of heart failure was established by the ligation of left anterior descending coronary artery (LAD) and monitored by measuring cardiac functions and biochemical and histopathological changes. Potential biomarkers modulated by JST in heart failure rats were identified by various multivariate statistical analyses and the mechanisms of JST for treating heart failure were proposed.



Materials and methods


Reagents

Jiashen tablets was supplied by Tasly Pharmaceutical Group Co., Ltd. (Tianjin, China). Captopril was purchased from Shanghai Pharmaceutical Group Corp. (Shanghai, China). QLQX capsules were purchased from Shijiazhuang Yilin Pharmaceutical Co. (Hebei, China). NT-pro BNP Elisa Kit was obtained from Cloud-Clone Corp. (Wuhan, China, batch number: CEA485Ra). LDH Kit and Masson’s Trichrome Stain Kit were purchased from Nanjing Jiancheng Bioengineering Inc. (Nanjing, China). Hematoxylin and Eosin (H&E) Staining Kit was purchased from Biosharp Inc. (Beijing, China). HPLC-grade methanol and acetonitrile were obtained from Merck (Darmstadt, Germany). Formic acid and 2-Chlorophenylalanine were bought from Thermo Fisher Scientific (MA, US).

The reference standards, including 4-methoxy-salicylic acid, rosmarinic acid, ononin, notoginsenoside R1, periplogenin, ginsenoside Re, ginsenoside Rg1, formononetin, periplocymarin, ginsenoside Rb1, astragaloside IV, periplocoside M, ginsenoside Rd were purchased from Chengdu Must Bio-technology Co. LTD (Chengdu, China). The total ion chromatograms for mass spectrometric analysis of JST and those mixed reference standards are shown in Supplementary Figure 1, and 12 typical constituents were identified in JST by comparing the retention time and mass spectrum with those reference standards. The content of these identified constituents in JST was determined by the single-point external standard method and was listed in Supplementary Table 1.



Animals and experimental design

Animal study protocols were approved by the Committee on Laboratory Animal Care and Use of Guangdong Pharmaceutical University (Guangzhou, China), in accordance with the National Institutes of Health guide for the care and use of laboratory animals. A total of 52 Sprague-Dawley rats (180–220 g) were obtained from Guangdong Medical Laboratory Animal Center [license NO. SCXK (yue) 2018-0002]. The animals were housed at 20–25°C, 40–70% humidity and 12 h dark/light cycle conditions with free access to a standard chow diet, and tap water ad libitum. All rats were exposed to an “adaptive feeding” paradigm for a week before the start of experiments.

The permanent ligation of the left anterior descending coronary artery (LAD) in 40 rats was performed to establish a heart failure model. Briefly, rats under anesthesia (pentobarbital 50 mg/kg, Deshang Pinshan Biological Technology, Chengdu, China) were placed in a supine position and intubated. Then, rats underwent surgical opening of the chest and were ventilated with an automatic breathing apparatus (tidal volume: 10–12 ml; respiratory rate: 90 cycles/min; respiratory ratio: 1:2). LAD, located between the pulmonary artery and the left auricle, was ligated with 7–0 polypropylene sutures. Four weeks after the surgery, the typical cardiac function index, left ventricular ejection fraction (LVEF), of the rats were measured by echocardiography. Rats with LVEF <60% were considered as heart failure (19, 20). Among those 40 rats, 8 rats died during the operation and 8 rats did not meet the criteria of chronic heart failure after the operation. The remaining 24 rats were divided into four groups (n = 6/group), including Model group, JST group, QLQX group, and Captopril group. Rats in sham group underwent the same surgical procedures without the ligation and control rats did not receive any surgeries (n = 6/group). Two positive drugs were used in the present study, including a synthetic drug (captopril) and an herbal compound formula (QLQX capsules) (n = 6/group). JST, captopril, and QLQX capsules were orally administered to the rats at 3 g/kg/day, 50 mg/kg/day, and 1.3 g/kg/day, which was selected based on their human equivalent dose used in clinical practice. The dosage of JST (3 g/kg) referred to herein is the raw herbs contained, and 1 g of JST is equivalent to 9.5 g of the total amount of eight herbs contained in JST. At 4 weeks post dosing, rats were sacrificed and blood and heart samples were collected for further biochemical, histopathological and metabolomic analyses. Prior to the sacrifice, the cardiac function of the rats was monitored by echocardiography. The specific dosage regimens are shown in Figure 1.
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FIGURE 1
Left anterior descending coronary artery (LAD) ligation for the establishment of rat heart failure model and dosage regimens.




Measurement of cardiac function

Rats in individual groups were subjected to echocardiography using VisualSonics Vevo 2100 Imaging System (VisualSonics, Canada). The left parasternal long-axis view for M-mode imaging was recorded. The following indexes were measured, including LVEF, left ventricular fractional shortening (LVFS), left ventricular internal diameter end diastole (LVIDd) and end systole (LVIDs), and interventricular septum thickness in diastole (IVSd) and in systole (IVSs).



Biochemical analysis and histopathological examination

The collected heart tissues were fixed in 4% paraformaldehyde for 24 h and embedded in paraffin blocks, which were further sectioned at 5 μm and stained with H&E and Masson’s trichrome. The stained slices were observed under color digital camera (DP72, Olympus, Japanese). The fibrosis fraction was analyzed by Image-Pro Plus software in the infarcted border zone.

The level of lactate dehydrogenase (LDH) activity in rat serum was measured using the assay kits obtained from Jiancheng (Jiancheng Biotech Co., Ltd., Nanjing, China) by automatic chemistry analyzer (ELX800, BioTek, US). The concentration of NT-pro BNP in the serum was detected by an enzyme-linked immunosorbent assay kit according to the manufactory’s protocols (Cloud-Clone Corp., US).



Plasma sample preparation

The harvested blood samples were centrifuged at 4,000 rpm for 30 min at 4°C to give the plasma samples. An aliquot of plasma samples (100 μL) was mixed with 300 μL of methanol containing 1 ppm of 2-chlorophenyl alanine, vortexed for 2 min, and incubated at −20°C for 0.5 h. The mixture was then centrifuged at 12,000 rpm for 10 min at 4°C, and the supernatant was subjected to LC-MS/MS system for analysis.



UHPLC-QTOF-MS/MS analysis

The analysis was conducted on an Agilent 6545 quadrupole time of flight (QTOF) mass spectrometer connecting with an Agilent 1290 ultra performance liquid chromatography (UHPLC) (Agilent Technologies Inc., USA). Chromatographic separation was achieved on ACQUITY UPLC HSS T3 C18 column (1.8 μm × 2.1 mm × 100 mm) at 40°C with a mobile phase of 0.1% formic acid (A) and acetonitrile (B). The elution gradient was as follows: 0–11 min, 95% A; 11–12 min, 10% A; 12–12.1 min, 10% A; 12.2–14 min, 95% A. The flow rate was 0.40 mL/min and the injection volume was 2 μL.

The mass spectrometry was performed under both positive and negative ion modes. The heated electrospray ionization parameters are as follows: sheath flow, 11 L/min; gas flow, 8 L/min; spray voltage, 250 V for positive ionization and negative ionization; fragment voltage, 135 V; gas temperature, 325°C; sheath temperature, 325°C; nebulizer pressure, 40 psi.



Data processing and statistical analysis

The original data obtained from UHPLC-MS/MS analysis were converted into mzML format by MSConvert1 (provided by ProteoWizard). The XCMS program2 was used for peak extraction, alignment, and retention time correction. The resultant data was imported to R statistical scripting language (version 3.6.1) for multivariate statistical analyses, including principal component analysis (PCA), partial least squares-discriminant analysis (PLS-DA), and orthogonal PLS-DA analysis (OPLS-DA). In the OPLS-DA analysis, metabolites with variable importance in the projection VIP ≥ 1, P < 0.05, and fold change ≥ 2 or fold change ≤ 0.5 were selected as potential biomarkers. The biomarker identification was achieved by searching MassBank,3 HMDB,4 and METLIN.5

All data are expressed as mean ± SD. Statistical analysis was performed on Graphpad Prism 9.0. Student’s t-test was used for comparison between two groups and One-way ANOVA (analysis of variance) with Dunnett’s multiple comparison post-test was used for comparison among three or more groups. A P < 0.05 was considered statistically significant.




Results


Effects of Jiashen tablets on cardiac function of heart failure rats

To investigate the therapeutic effect of JST on heart failure, the cardiac function of rats in individual groups was examined using the small animal ultrasound imaging system. As shown in Figure 2, no significant difference was observed between Sham and Control groups with respect to the tested cardiac ultrasound parameters, including LVEF, LVFS, LVIDs, LVIDd, IVSd, and IVSs. Rats in Model group showed remarkably declined LVEF and LVFS (Figures 2B,C) and significantly increased LVIDd, LVIDs, IVSd, and IVSs (Figures 2D–G) compared to that in Sham group, which indicated that the heart failure model was successfully established. Compared to Model group, treatment of JST, captopril, and QLQX significantly enhanced LVEF and LVFS (Figures 2B,C) and reduced LVIDd, LVIDs, IVSd, and IVSs (Figures 2D–G), suggesting that these three agents can improve the cardiac function of heart failure rats caused by LAD ligation. Moreover, there was no significant difference of the tested parameters among the three treatment groups (Figures 2B–G), which indicated a similar cardioprotective effect of JST, captopril, and QLQX.
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FIGURE 2
Effects of JST on cardiac function of heart failure rats. Representative M-mode echocardiography images from experimental rats (A) and the statistical echocardiographic values, including LVEF (B), LVFS (C), LVIDd (D), LVIDs (E), IVSDd (F), and IVSDs (G). All data were expressed as mean ± SD (n = 4–6). **P < 0.01, vs. Sham group; #P < 0.05, ##P < 0.01, vs. Model group.




Effects of Jiashen tablets on serum cardiac enzymes and histopathological changes in heart failure rats

Lactate dehydrogenase is a marker of myocardial injury (21) and NT-pro BNP is known as a diagnostic and prognostic biomarker for heart failure (22). To further validate the therapeutic effect of JST on heart failure, serum LDH activity, and NT-pro BNP levels were measured. The results showed that LDH activity (Figure 3A) and NT-pro BNP levels (Figure 3B) significantly elevated in Model rats compared to that in Sham group. JST, captopril, and QLQX significantly reduced the increase of LDH activity and NT-pro BNP levels in Model group and no significant difference was observed among the three treatment groups (Figures 3A,B).
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FIGURE 3
Effects of JST on serum cardiac enzymes and histopathological changes in heart failure rats. Serum LDH activity (A). Serum concentration of NT-pro BNP (B). Quantitative assessment of fibrosis area (%) in Masson’s trichrome-stained heart sections (C). Representative heart sections stained with H&E (D) and Masson’s trichrome (E). All data were expressed as mean ± SD (n = 4–6). **P < 0.01, vs. Sham group; #P < 0.05, ##P < 0.01, vs. Model group.


H&E staining and Masson staining were performed to investigate the morphological changes and myocardial fibrosis of the rat heart. As illustrated in Figures 3D,E, compared to Sham group, Model group showed massive swelling of cardiomyocytes with vacuolated lesions and marked myocardial interstitial fibrosis. In addition, the infiltration of inflammatory cells was occasionally observed in Model group. Myocardial fibrosis and inflammatory cell infiltration were significantly reduced in Model + JST, Model + Captopril, and Model + QLQX groups, compared to model group (Figures 3D,E). As shown in Figure 3C, the myocardial fibrosis area significantly increased in Model group, but the increase was remarkably reversed by the treatment of JST, Captopril, and QLQX.



Metabolomics method validation

In the present study, QC samples were generated via pooling 10 μL of plasma samples from each group. PCA results showed that QC samples clustered together (Figures 4A,B), which indicated that the LC-MS/MS system exhibited high stability and reproducibility. Moreover, the overlapped total ion chromatograms (TICs) of QC samples further indicated satisfied reproducibility of the large-scale sample analysis (Supplementary Figure 2). Taken together, the stability and reproducibility of the present metabolomics approach were satisfactory for metabolomics analysis.
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FIGURE 4
Multivariate statistical analyses. Negative PCA score plots with QC (A); positive PCA score plots with QC (B); negative PLS-DA score plots (C); positive PLS-DA spots (D); negative PLS-DA (3D) spots (E); positive PLS-DA (3D) spots (F).




Metabolomics analysis

To further investigate the mechanisms of JST in the treatment of heart failure, UHPLC-Q-TOF-MS/MS was used to analyze the metabolic profiles and metabolites among Sham, Model, and JST groups. A total of 9,203 ions in the positive mode and 6,601 ions in the negative mode were obtained in plasma samples. PCA, an unsupervised pattern recognition method, was firstly used to pattern the plasma metabolic profiles of Sham, Model, and JST groups. As shown in Figure 4A, under negative ion mode, the plasma metabolic profiles of Sham, Model, and JST groups were clearly separated. While under positive ion mode, the Model and JST groups also had a separation trend (Figure 4B).

PLS-DA was further carried out to maximally analyze the difference among the three groups. As shown in Figures 4C,D, PLS-DA score plots showed a clear separation among Sham, Model, and JST groups under both positive and negative ion modes, which was consistent with the PCA results. The evaluation parameters of the PLS-DA model were R2X = 0.472, R2Y = 0.966, Q2 = 0.807 (negative ion mode), and R2X = 0.426, R2Y = 0.992, Q2 = 0.884 (positive ion mode), indicating that the model possessed goodness of fit and predictive ability. Moreover, 3D PLS-DA plots (Figures 4E,F) also illustrated a shift of JST group to Sham group, which was consistent with the biochemical analysis and pathological examination. These results suggested the metabolic profiles were ameliorated in the plasma of heart failure rats after JST treatment.



Screen and identification of potential biomarkers

Orthogonal PLS-DA analysis was applied to maximize the class discrimination and identify potential biomarkers for differentiating metabolites between Sham and Model groups. As shown in Figures 5A,B, the metabolic profiles of Sham and Model groups were completely separated in OPLS-DA score plots. A good explanation and prediction for the OPLS-DA model (Figures 5C,D) was obtained after 200 × permutation tests, with R2 = 0.9122, Q2 = −0.661 (negative ion mode) and R2 = 0.9511, Q2 = −0.6815 (positive ion mode). The volcano plot visualized and filtered differential metabolites in OPLS-DA mode (Figures 5E,F). A total of 210 metabolites were identified as potential biomarkers between Sham and Model groups based on VIP ≥ 1, P < 0.05, and fold change ≥ 2 or fold change ≤ 0.5. Among these biomarkers, 29 metabolites were significantly restored by JST back to Sham level (Figure 6 and Table 1). The identified 29 biomarkers mainly included amino acids [L-norvaline, N-(3-Indolylacetyl)-L-alanine, Phe-Asp, Thr-Phe, etc.], lipids (triglycerides, carnitine, etc.), and sugars (L-arabinitol, etc.).
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FIGURE 5
Orthogonal PLS-DA analysis (OPLS-DA) analyses. Negative OPLS-DA score plots (A); positive OPLS-DA score plots (B); negative scatter plots of the statistical validations obtained by 200× permutation tests (C); positive scatter plots of the statistical validations obtained by 200 × permutation tests (D); negative volcano plot (E); positive volcano plot (F).
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FIGURE 6
Identified 29 metabolites that were restored by JST treatment in heart failure rats. All data were expressed as mean ± SD (n = 4–6). *P < 0.05, vs. Sham group; #P < 0.05, vs. Model group.



TABLE 1    Identified potential biomarkers regulated by JST.
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Discussion

Heart failure is a chronic and progressive condition of various cardiovascular diseases that cause heart damage (23, 24). Heart failure affects more than 64.3 million people worldwide with the rate of hospitalization continuing to rise every year. Heart failure causes peripheral congestion, pulmonary edema, and exercise intolerance, leading to nausea, dyspnea, loss of appetite, reduced exercise capacity, and a poor prognosis for heart failure patients (25). Meanwhile, the annual global expenditure related to the treatment of heart failure is estimated at as much as $108 billion (26–28). In the present study, we first successfully established a rat model of heart failure by LAD ligation, followed by comprehensively assessing therapeutic effects and mechanisms of JST on the treatment of heart failure. The results demonstrated that JST could improve the cardiac function of heart failure rats via enhancing rat LVEF and LVFS and reducing LVIDd, LVIDs, IVSd, and IVSs. JST also reduced the serum LDH activity and the level of NT-pro BNP, markers of heart failure and myocardial damage, and inhibit myocardial fibrosis to delay ventricular remodeling, thus exerting therapeutic effects for the treatment of heart failure.

Metabolic disorders are closely associated with heart failure because they can lead to structural abnormalities of cardiac myocytes and endothelial dysfunction (29, 30). To further delineate the underlying mechanisms of JST against heart failure, the metabolomics based on UHPLC-Q-TOF-MS/MS method was applied to investigate the changes in the metabolic processes of heart failure and the therapeutic effects of JST. According to the metabolic profiling analysis, Sham, Model, and JST groups were clearly separated in the PCA and PLS-DA scores plots, and OPLS-DA analysis revealed that a total of 29 metabolites that varied significantly between Sham and Model groups were restored by the treatment of JST. Tryptophan metabolism, branched-chain amino acid metabolism, fatty acids β-oxidation, and glycerophospholipid metabolism were closely related to those metabolites, representing the major pathways involved in the therapeutic effects of JST on heart failure (Figure 7).
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FIGURE 7
Network of the potential biomarkers associated with heart failure. The metabolites written in red are identified as potential biomarkers. “↑” represents upregulation, “↓” represented downregulation.


Tryptophan metabolism is closely linked to various cardiovascular diseases. Accelerated catabolism of tryptophan and thus the resultant increase of serum kynurenine to tryptophan ratios are frequently observed in people with cardiovascular diseases, and increased tryptophan breakdown adds to the detrimental effects of pre-existent reduced vascular reserves (31). Studies on a cell level demonstrated that indole-3-propionic acid, a microbial metabolite of tryptophan, induced the enhancement of maximal mitochondrial respiration with acute treatment, while it led to mitochondrial dysfunction following chronic exposure in cardiomyocytes (32). Currently, the impact of tryptophan and its microbiota-derived metabolites on cardiac functions is still controversial. In the present study, we found that the level of gut microbiota-derived tryptophan metabolites, 3-indolepropionic acid, and indole-3-pyruvic acid, remarkably elevated in model rats, suggesting the potential increase of gut microbiota-derived metabolism of tryptophan and thus the increased formation of corresponding metabolites. The level of these metabolites was significantly reduced by JST treatment, which indicated that the gut microbiota-related tryptophan metabolism pathway might be associated with the therapeutic effects of JST on heart failure.

Catabolic defect of branched-chain amino acids such as L-norvaline contributes to cardiac dysfunctions. This metabolic defect leads to the accumulation of branched-chain α-keto acids, which directly impairs mitochondrial activity, induces oxidative stress, and exacerbates cardiac dysfunction. It was found that restoration of L-norvaline catabolism by drugs can slow the disease progression of pressure overload-induced heart failure (33). In addition, plasma L-norvaline levels were significantly higher in patients with dilated cardiomyopathy and ischemic cardiomyopathy than that in healthy volunteers (34). In the present study, the level of plasma L-norvaline was significantly increased in heart failure rats and reduced significantly by JST treatment, suggesting that JST alleviated heart failure by improving the defective catabolism of branched-chain amino acids, and L-norvaline might serve as a biomarker for the diagnosis and treatment of heart failure.

Lipid metabolism plays a crucial role in maintaining the structural and functional integrity of the heart, and the coordinated control of fatty acid uptake, β-oxidation, and mitochondrial oxidative phosphorylation by cardiac myocytes is essential for ATP production in the heart. Previous studies found that the heart produced ATP mainly through the consumption of fatty acids contributing to 40–60% of ATP production (35, 36). Triglyceride (TG) is a source of essential fatty acids for generating myocardial ATP, and the metabolism of TG is critical in regulating myocardial lipid metabolism. Moreover, excessive accumulation of lipids in the heart can disrupt normal cell-cell interaction, leading to apoptosis, cardiac hypertrophy, and cardiac dysfunction (35, 36). Cardiac pressure overload causes the dysfunction of mitochondrial substrate oxidation and respiration, excessive lipid accumulation, and heart failure (37–39). In the present study, the plasma levels of various lipids, such as TG (20:4(5Z,8Z,11Z,14Z)/20:4(5Z,8Z,11Z,14Z)/22:5(4Z,7Z,10Z,13Z, 16Z)), Lysope18:1, 1-(1Z-octadecenyl)-sn-glycero-3-phospho- choline, inosine 5’-monophosphate, 1-stearoyl-2-hydroxy-sn-glycero-3-phosphocholine, were remarkably higher in Model rats compared to that in Sham rats and were significantly reduced by JST treatment, indicating that JST might restore the lipid metabolism including fatty acids and glycerophospholipid metabolism in heart failure rats.

Carnitine is essential for fatty acid oxidation in cardiac myocytes, which promotes the transfer of long-chain fatty acids across the inner mitochondrial membrane for subsequent β-oxidation. Moreover, L-carnitine may also regulate calcium influx, endothelial integrity, intracellular enzyme release, and membrane phospholipid content for sustained cellular homeostasis and inhibit myocardial fibrosis via the arachidonic acid metabolic pathway (39, 40). Treatment with carnitine resulted in the reduction of ROS production and myocardial infarct size in cardiac myocytes (41–43). In the present study, the levels of carnitine C16-OH and carnitine C16:2-OH were significantly lower in Model rats compared to that in Sham rats, and were enhanced by JST treatment, further confirming the potential therapeutic mechanisms of JST for treating heart failure via regulating fatty acid β-oxidation pathway.



Conclusion

The present study demonstrated that JST could improve the cardiac function, reduce the serum LDH activity and the level of NT-pro BNP, and inhibit myocardial fibrosis of heart failure rats to exert its therapeutic effects. The untargeted metabolomics analysis revealed that a total of 29 metabolites that altered significantly in heart failure rats were restored by the treatment of JST. These metabolites were mainly involved in tryptophan metabolism, branched-chain amino acid metabolism, fatty acids β-oxidation, and glycerophospholipid metabolism. The present findings provided new insights into the mechanism of JST in the treatment of heart failure via restoring amino acid metabolism and lipid metabolism in heart failure rats.
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Objective: Baduanjin (eight silken movements) is a traditional Chinese exercise that can be used as cardiac rehabilitation therapy for patients with chronic heart failure (CHF) especially when other forms of rehabilitation are scarce or unaffordable. This study explores the experiences of Chinese patients with CHF who undertook Baduanjin exercise at home as part of a pilot trial in Guangzhou, China.

Methods: We conducted seven qualitative interviews with participants who had participated in the intervention arm of a pilot randomized controlled trial (RCT) (n = 8). For data collection, we used a semi-structured interview guide with both open-ended, and follow-up questions. We audio recorded the interviews, transcribed them verbatim, and then analyzed them with content analysis.

Results: Participants’ experiences of doing Baduanjin were classified into three categories: (1) improving practice (2) factors facilitating good exercise adherence, and (3) feeling good. Participants reported that the exercises were easy but that the correct Baduanjin execution and coordination between the mind, movements, and breathing were only achievable through practice. In addition, the training benefits which they perceived were the predominant motivation for patients to keep practicing. Finally, trust in Baduanjin, personal attitudes toward health, flexibility in practice times, as well as social support helped the participants to achieve good adherence to home-based training.

Conclusion: This study’s findings indicate that Baduanjin could be a cardiac rehabilitation exercise modality for patients with CHF in China, especially in a home-based setting.

KEYWORDS
Baduanjin, chronic heart failure, experience, qualitative study, cardiac rehabilitation


1. Introduction

Research findings have predicted that the prevalence of chronic heart failure (CHF) will continue to increase in the future on account of the aging population, risk factors’ increasing prevalence, and improvements in post-myocardial infarction survival. In China, heart failure mortality remains a significant public health concern, as the China Heart Failure Registry Study has reported an in-hospital mortality rate of 5.3% (1). CHF mortality rates are high, even for those patients who are compliant with the best available treatments (2). Studies have shown that exercise-based cardiac rehabilitation (EBCR) improves CHF patients’ exercise capacity and their quality of life (3, 4).

Despite its benefits, EBCR uptake remains sub-optimal around the world today (5). A key driver of this poor uptake is low availability due to insufficient resources such as rehabilitation facilities and trained professionals (6). A recent national survey in China has shown that only 24% of its tertiary hospitals have EBCR services (7). In addition, patient-related barriers have limited eligible patients’ participation in EBCR programs and/or regular exercise (8). The most common barrier is affordability (8), because EBCR services rely on out-of-pocket payment systems in China. There are other barriers to exercise as well, which are often related to practical issues such as timing, the convenience of travel to a rehabilitation center, or inclement weather (9).

A traditional form of exercise called Baduanjin can potentially contribute toward a solution to unmet demand for EBCR programs caused by their scarcity and unaffordability in China (7). Baduanjin, or “Eight Silken Movements” is a martial art that originated in ancient China, and has been practiced for over 1,000 years (10). It is characterized by interplay between flowing circular physical postures and movements, mindfulness, and breathing exercise which are conducted in synchronization (11). From a cultural perspective, it has been accepted as being beneficial to one’s health, and in modern times, it remains a popular exercise throughout Mainland China. Nowadays, with the proliferation of social media, Baduanjin exercise videos can easily be found online (12, 13).

The hallmark symptoms of CHF, such as fatigue and dyspnea, frequently cause decreases in physical activity, and erode the confidence necessary to initiate/maintain a regular exercise regimen (14). Baduanjin, however, has minimal physical or cognitive demands because it consists of only eight simple movements (10). Patients are also encouraged to do Baduanjin at home, reducing barriers such as weather, transportation, or cost (9). This equipment-free exercise might also be preferred by Chinese hospitals, especially those with limited resources in rural area (15).

Baduanjin has shown promise in cardiac rehabilitation in recent years (11, 16), especially among Chinese CHF patients (17–22). It has been shown to be a moderate-intensity aerobic exercise which is both an effective and a safe exercise modality for home-based cardiac rehabilitation for CHF patients (23). Results from a multi-center randomized controlled trial (RCT) have shown that 12 weeks of Baduanjin training can produce improvements in fatigue and quality of life (21). In addition, a growing body of evidence suggests that Baduanjin might be helpful to various CHF-related cardiac medical issues, including hyperlipidemia (24), fatigue (25, 26), hypertension (27), cardiorespiratory endurance (28), and that it also facilitates improvements in psychological health (29, 30).

Previous studies on Baduanjin efficacy have provided key quantitative data to assess its effectiveness (31); however, none of these studies have used qualitative methods to explore how patients experienced using Baduanjin in the context of cardiac rehabilitation and what are the factors facilitating or hindering its use. In addition, as a complex holistic “mind-body exercise” with influence from traditional Chinese medicine, Baduanjin may have additional health potential. Thus, information regarding the connection between Baduanjin and an individual’s subjective experiences may present new clinical outcomes.

With growing appreciation for patient-centered outcomes, it has been recognized that patient experience is equally as crucial as physiological tests and measurements for the successful implementation of intervention programs. Qualitative research, in which data is collected on participants’ personal experiences, is the ideal tool for exploring these complex experiences. This method may entail detailing experiences that are difficult to capture through quantitative research, and expanding our scientific understandings beyond what can be learned through quantitative analysis (32). Therefore, this study’s aim was to explore the experiences of Chinese CHF patients who use Baduanjin at home.



2. Materials and methods


2.1. Setting

This study was conducted in Guangzhou, China. Guangzhou is the capital of Guangdong province in Southeast China, and China’s third largest city. It has a permanent population of 13.5 million, and over 7 million permanent residents in its urban districts (33). Cardiac rehabilitation remains insufficiently implemented in current clinical practice in Guangzhou’s urban districts. Firstly, there is a low availability of cardiac rehabilitation services, especially in the outpatient clinics (7). Secondly, the practice patterns of cardiac rehabilitation are still very simple and poorly standardized (7). In most cases, cardiac rehabilitation comes in the form of verbal information supplemented by leaflets and booklets which emphasize early mobilization and identifying and controlling risk factors (34).

In addition, most existing programs are coordinated by a nurse, but relatively few used other healthcare professionals such as exercise physiologists, dieticians or physical therapists which is recommended in current guideline (34). Thirdly, there is no cardiac rehabilitation referral system after hospital discharge. Hence, there remain few cardiologists who regularly add cardiac rehabilitation to their daily clinical practice for their patients (7). Low physician referral may be compounded by the lack of hospital staff with training in cardiac rehabilitation resulting in inadequate knowledge about its benefits and inadequate assessment of a patient’s (in)ability to participate (7).

The participants of this study were taken from outpatient clinics at Guangdong Provincial Hospital of Chinese Medicine (GPHCM). GPHCM is a tertiary care public hospital with four campuses in different urban districts of Guangzhou. At GPHCM, cardiac rehabilitation is administered one-on-one by the cardiac nurses and rehabilitation physicians to individuals in a hospital outpatient clinic setting. It also includes exercise training. The most common exercise is cycle ergometer. However, this service is dependent on out-of-pocket payment systems. This creates financial stress for most patients, and in turn, results in low participation rates for cardiac rehabilitation.

To provide a way for heart failure patients to engage in a home-based EBCR program which is also equipment-free, low-cost, and easily implemented, we have developed a novel and contextually adapted EBCR program (BESMILE-HF) at GPHCM (35). BESMILE-HF is an acronym which stands for the Baduanjin Eight-Silken-Movement wIth SeLf-Efficacy building for Heart Failure. In this program, Baduanjin is applied as the core constituent in a multi-component EBCR which includes evaluation, consultancy, and education, in addition to a series of strategies for building self-efficacy. Our research group has conducted the pilot RCT to assess the feasibility and preliminary effects of Baduanjin in CHF patients. Pilot data suggested that Baduanjin may have a positive effect on clinical outcomes and may lead to increased long-term adherence to exercise through improved self-efficacy (36). As part of that project, this qualitative study was conducted.



2.2. Study design and participants selection

This qualitative study has been nested within a pilot RCT (36, 37). In the pilot RCT, participants were recruited from GPHCM. We assessed potential study participants for eligibility via (1) on-site patient screening during clinic visits; (2) regular screening of potential participants via the use of electronic medical records; and (3) physician referrals. To be included, patients had to have clinically stable CHF with a New York Heart Association functional (NYHA) classification of either II or III, and no restriction on the left ventricular ejection fraction class.

In the intervention group, the intervention was delivered by a cardiac rehabilitation team consisting of one cardiologist, a cardiology nurse, a professional coach, and research assistants. Before starting the 6-week home-exercise period, participants would attend an exercise course at the hospital to learn the eight postures, with a professional coach confirming their technique. This was followed by a 6-week phase consisting of home exercise with guidance and instruction from a Baduanjin exercise video, a picture-brochure, as well as weekly follow-up.

Generally, participants were required to do 30 min of Baduanjin per day, 5 days a week, for a total of 150 min each week. This was tailored to individuals based on their evaluation results. We asked the participants in the intervention group to record their exercise performance in exercise logs every day throughout the study period. The logs included duration in minutes and frequency. After 6 weeks, we contacted the participants and asked them to return to the hospital. Finally, there were 18 participants in the pilot RCT. After they signed informed consent, we randomized eight participants into an intervention group which received the 6-week BESMILE-HF program plus the usual medications, and 10 others into a control group which received only the usual medications.

Upon the conclusion of the pilot RCT, the eight participants from the intervention groups were invited to partake in semi-structured interviews. Seven participants agreed to be interviewed over 2 weeks. The ages of the seven interviewed participants spanned from 61 to 72 (mean = 67 years). All were male and married. Two participants had finished only primary school, one had finished secondary school, and four of the participants had college or university degrees. Participant characteristics are shown in Table 1. At the time of the interviews, the pilot RCTs’ outcome measure results were unknown.


TABLE 1    Characteristics of the interviewed participants.

[image: Table 1]



2.3. Data collection

Each participant was interviewed once using a semi-structured interview guide. A female research assistant (HZ) who is an attending physician with a background in cardiology was trained to conduct the interviews. She was not a member of the BESMILE-HF research team. All interviews were conducted face-to-face using Mandarin or Cantonese in the cardiac rehabilitation room at the hospital. On average, the interviews lasted around 40 min. The interview guide is based on a review of relevant literature (9, 38). It contains open-ended questions designed to gain a deeper understanding of the Baduanjin experience. We pilot tested the guide for clarity, relevance, and pertinence to the study’s goals and then the research team finalized it. We began with an introduction question: “Tell me about your experiences practicing Baduanjin?” Subsequent questions covered various aspects of Baduanjin. In the follow-up questions, participants were asked to elaborate. For the complete interview guide, refer to Table 2. HZ conducted the interviews, recorded them, and transcribed them verbatim, The transcripts were checked by XC (first author) by comparing the recording and the transcribed texts line-by-line.


TABLE 2    Interview guide.
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2.4. Data analysis

Two researchers (XC and HZ) performed qualitative content analysis based on an inductive approach utilizing the structure described by Elo and Kyngas (39) and assisted by NVivov11. Firstly, open coding was conducted. All transcribed texts were read several times with XC to make sense of the entire meaning, and then they were discussed for clarity with the interviewer (HZ). Then, the subjective experiences of donging Baduanjin were extracted. Next, we condensed the text into meaning units. Finally, the meaning units were coded. Examples of the resulting meaning units, condensed meaning units, and codes are shown in Table 3. Secondly, any codes with similar content were grouped into subcategories, and categories. Then, we sorted the subcategories and formulated them as categories. Co-author discussions were held throughout each step of the analysis until ultimately, there was consensus in terms of the structure of open coding and the structure of the sub-categories and categories. The analysis was initially conducted in Mandarin or Cantonese. Codes, sub-categories, and categories were then translated into English. The quotes presented are translated from Mandarin or Cantonese.


TABLE 3    An example of meaning units, condensed meaning units, and codes.
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2.5. Ethical considerations

The BESMILE-HF trial has been approved by the Ethics Committee at the GPHCM (number: B2016-202-01) and also registered at ClinicalTrials.gov (NCT03180320). In addition, this qualitative study was also included in the trial protocol (35). Before each interview, we would ask the participant to read an information letter and provide both written and oral informed consent. We had an independent informed consent for the participants to take part in this qualitative study apart from the pilot study. Before giving consent, participants were allowed to ask questions and the personnel in the trial answered their questions carefully.




3. Results

Participants’ experiences of doing Baduanjin were classified into three categories (1) improving practice; (2) factors facilitating good exercise adherence; and (3) feeling good. Details of the codes, subcategories and categories are listed in Table 4.


TABLE 4    Categories, subcategories, and codes describing experiences with Baduanjin among chronic heart failure patients.
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3.1. Improving practice

The category “Improving practice” provided insight into participants learning process. At the beginning of learning, participants found that Baduanjin was easy to learn and required little skill. In addition, participants perceived that its gentle and slow movements provided a suitable intensity level for the elderly. However, challenges for postures requiring them to squat, bend their waist, or turn their head were also reported.








	

	It only has eight movements! It is easy and I could master the postures after the course. You know, we have bad memories; it is hard for us to learn a new exercise. I think Baduanjin is simpler than other exercises. (ID: 6)





As participants familiarized with the postures, they experienced the importance of reaching postural accuracy. They described that the maximum training effects were difficult to achieve in cases where the exercises had been done incorrectly.








	

	In the beginning, I had to follow the video to do the exercises. Slowly, I was able to remember it, but at the beginning, my movements were not very standard. Later, I found that I had to use force when doing the movements. This action has to be done in place, such as reaching the highest hand in the first posture and squatting in the fifth posture. Many people think that Baduanjin has no effect because they just do it casually without seriousness. Only when the movements are in place will they have an effect. (ID: 3)





With Baduanjin practice over time, participants said that they had gradually mastered its inner essence. They described that practicing requires coordination of the mind, the body, and their breath. Only by coordinating breathing, body, and mind through training to harmonize by practicing Baduanjin can a practitioner achieve its benefits. In addition, participants identified that it was essential to be aware of their bodies and how they felt during practice in order to achieve a good practice.








	

	I have been doing it since 2004, and the effect of the previous years was not great, but the effect this time was much better. One reason was that I now coordinate my breathing. For example, in this movement, you must inhale when you stretch your arms backward, and exhale when you return them to the front, and breathe deeply. The other reason is the mind, that is to say, when you perform an action again, you have to know the purpose of the action. I used to just do exercises and not feel my body, so there was no effect. This time I learned that not only must I breathe well, but the idea of doing exercises is also very important. (ID: 3)







3.2. Factors facilitating good exercise adherence

The category “Factors facilitating good exercise adherence” provide insight into the good adherence found in the pilot RCT. In the beginning, the reason they continued the exercises was the belief that Baduanjin can improve one’s general health. With the progression of Baduanjin training, participants emphasized that its perceived training benefits were the predominant motivation for them to adhere to it. Furthermore, participants reflected that “nobody can force me to exercise.” Whether or not to exercise was perceived as one’s own choice and this is determined primarily by the degree to which they cared for their own bodies.








	

	I do benefit from Baduanjin, or else I would not have participated for so long. (ID: 8)












	

	I stopped because I did not feel any improvement…(ID: 15, non-adhering participant)





In addition to those intrinsic motivations, several external facilitators were also reported to have supported participants’ sustained exercise. Participants told us that scheduling exercise or incorporating it into their routines promoted adherence. They also appreciated that the self-paced and equipment-free nature of the exercise allowed them to do it anytime and anywhere. They also reflected that they did not need a large training space or any other auxiliary apparatuses.

Practicing together with other friends or family members was found to facilitate practicing Baduanjin since it made it more enjoyable. Moreover, keeping exercise log was viewed as being helpful in keeping on track with their practice and reminding them to exercise daily. An exercise demonstration video was also a necessary tool to guide participants’ at-home exercise, especially at the outset when they were not so familiar with all eight postures.








	

	It is convenient for me to practice Baduanjin. I even recommended it to my friends who also have heart disease. Sometimes I practice at the park with my friends and we all enjoy it. Since I retired, this has been a good opportunity to have something to do with them. This made me more willing to go and practice. (ID: 8)







3.3. Feeling good

The category “Feeling good” provided insight into participants’ perceived effects after practicing Baduanjin. Participants reported perceived improvements in their physical and mental health, and they become more active in their daily life.

In terms of physical health, after practicing Baduanjin for several weeks, participants described that they had become more active in their daily life as they experienced less shortness of breath. Participants also said that they gained confidence walking longer distances or at faster speeds, or even just had the confidence to get out of the house:








	

	I used to keep a walking stick in my backpack, and I had to walk on the walking stick at all times. Now, I can walk without it. Sometimes I can walk more than 20,000 steps, and sometimes I will challenge myself to see how far I can go. (ID: 10)





In addition, participants experienced other improvements in their physiological health. Some participants mentioned gradual improvement in their digestion, and improved appetites following participation. Some participants had suffered intractable constipation for multiple years, but now reported regular bowel movements without constipation.








	

	I think my digestive system has become stronger and now I have a better appetite. Recently, I have been eating more than I did in the past. Moreover, I was often constipated before, but now I no longer suffer from constipation. (ID: 3)





Moreover, participants also said that their mental wellbeing states had improved. Participants reported feeling comfortable every time they finished practicing Baduanjin. They also felt relaxed, as they said Baduanjin calmed them, gave them pleasure, and eased their anxiety. Participants also reported that they had obtained positive energy and vigor from Baduanjin. Other perceived benefits were an improvement on their moods (becoming more hopeful) and sleep patterns (bot in extended time and faster getting asleep).








	

	Every time after I practice Baduanjin, I feel relaxed. I haven’t been so relaxed in a long time. To be honest, after getting this disease, I lost confidence in myself and there was no hope in life. But after a period of exercise, I felt that my mental state was much better and more energetic than before, and my thoughts were not so negative. (ID: 14)












	

	I used to be afraid to sleep. Following several weeks of Baduanjin qigong training, I could get to sleep as soon as I lay down. (ID: 3)








4. Discussion

This is the first study to explore CHF patients’ experiences’ using Baduanjin as a cardiac rehabilitation regimen. The results provide insight into participants’ learning and practice process, adherence, and perceived effects. While Baduanjin postures have a quick learning curve, their proper execution requires time and consistent practice. Coordinating the mind, the movements, and breathing in Baduanjin exercise is only possible progressively, through repeated practice. Participants experienced many benefits, for both mental and physical health, with regular high-quality Baduanjin practice. Moreover, the study showed that Baduanjin’s perceived training benefits were crucial to adherence to home-based training. In addition, internal facilitators such as trust in Baduanjin and attitudes toward health, as well as flexibility and external support, are also important for patients to keep practicing.

Baduanjin is an aerobic exercise in which the movements are simple, slow and relaxing. With varying skill levels, people may perform one style of Baduanjin in different ways. This may lead to variation in physiological responses. A previous study has shown that skill level may exert a sizable effect on metabolic and cardiorespiratory responses to Tai Chi practice (a traditional exercise similar to Baduanjin) (40). The authors found a higher mean heart rate and deeper breathing among the high-level practitioners. In our study, many participants experienced difficulty achieving maximum training effects if Baduanjin was practiced incorrectly. A high-level practitioner can perform Baduanjin with high quality, especially for the handful of movements which are particularly difficult. For example, high-level Baduanjin practitioners tend to perform those movements requiring participants to squat with lower positioned technique than the low-level practitioners, thus requiring increased muscle contraction from the lower extremities. Therefore, the improvements in their exercise capacity are expected to be more apparent. As most of the participants in this study were new to Baduanjin, several challenges to reaching postural accuracy were identified. These suggested that additional instructions should be added to the teaching course or demonstration videos in clinical practice.

Coordinating the mind, the movements and breathing in Baduanjin exercise is only achievable over time, with repeated practice. Unlike other types of exercise, Baduanjin involves both “internal” and “external” effort, and in this way, it trains both the body and the mind. Firstly, while practicing Baduanjin, the practitioner not only must move their body, but also circulate qi (vital energy) throughout the body via their breath. While practicing Baduanjin, a high-level practitioner should breathe in harmony with the movements in order to circulate qi throughout the body. However, a basic-level practitioner would not do it this way, because he or she would only have to concentrate on movement, maintaining natural breath. Secondly, with practice, a novice will gradually be able to concentrate their mind on each movement. However, only by achieving a certain level will they be able to coordinate the breathing and the movements with the guidance of conscious mental effort (10). The importance of the coordination between the mind, the movements and breathing has been reported in a previous qualitative study exploring the mind-body connection during Yoga (41). Hence, this implies the need for more guidance and explanation on the connection between mind, body, and breathing for Baduanjin practitioners in future.

With regular practice and rehearsing of the gentle movements, as well as the coordination of breath, Baduanjin practitioners may improve their strength, physical fitness, and function of multiple organs and systems. In addition to being accessible and learner-friendly, Baduanjin’s eight simple postures are also proven to be suitable in terms of their exercise intensity for CHF patients (23). Moreover, purported mind-body therapy mechanisms may be relevant for CHF pathophysiology, such as targeting various aspects of breathing and relaxation, mitigating sympathetic overdrive, modulating autonomic tone, and addressing the neurohormonal axis (42–44). This finding is consistent with existing literature which indicates that regular Baduanjin practice could promote the physical health of CHF patients. For example, Baduanjin practice can increase one’s capacity for physical activity and general physical fitness (45), enhance cardiopulmonary function (46), and improve sleep quality (21).

In terms of mental health, Baduanjin can relax, calm, and please practitioners’ minds, and therefore improve psychological and mental health. From the perspective of Chinese medicine, qi (vital energy) circulating throughout the body is intertwined with both psychological and mental health. Negative psychological states, for example anger, depression, irritability, and restless mood may stagnate qi. An underlying philosophy of the practice is that Baduanjin cultivates the balance and harmony of qi to maintain a healthy body (47). Baduanjin focuses on mobilizing functional potentialities, regularizing the breathing process, and unifying the mind and body through the regulation of breathing, thereby promoting normal qi circulation (48). Normal qi circulation can also regulate passive emotions. Regarding biological mechanisms, it has been reported that the activity and connectivity of key brain regions pertaining to depression, the autonomic nervous system, and neuroinflammatory sensitization are modulated via mind-body exercise (49, 50). Similarly, an interview study of 20 community elderly individuals who practiced Baduanjin for 40 min every day for 12 weeks reiterated that they felt psychologically relaxed, due to the self-tranquility, the pleasure, and the relief from emotional symptoms (51).

Our findings regarding intrinsic motivation to do Baduanjin exercise provide insight into the high adherence in this sample. “Intrinsic motivation” refers to the inherent satisfaction which individuals derive from physical activity. This includes feelings of enjoyment and accomplishment (52). Intrinsic motivation has been defined as the inherent satisfaction that drives one to undertake a particular activity (52). Motivation is a critical factor underlying sustained exercise. In turn, it is also associated with important health outcomes. In the interview, adherent participants often referenced their improvements as walking further, and improved their moods through participation in Baduanjin training. Therefore, it appears as if both actual and perceived improvements in health may serve as key mechanisms of long-term exercise adherence. This echoes the findings of a qualitative study regarding exercise adherence in patients with CHF (53) which reported that patients with CHF tended to be motivated by improved health and performance in their daily activities (53). Thus, when working with CHF patients starting an exercise program, highlighting improvements can support long-term adherence to exercise. Our findings also demonstrate the importance of autonomous regulation in fostering physical activity. Adherent participants mentioned that whether to exercise was one’s own choice, and that this was primarily decided by the degree to which they cared for their own bodies. This underscores the need to examine the goals and self-regulatory features associated with regular participation in exercise and other forms of physical activity.

Good adherence was also attributed to Baduanjin’s in-home setting. Home-based modalities might be more practical options for increasing patients’ accessibility to EBCR. This is because a third of Chinese CHF patients have been found to either rarely leave the home or are unable to do so due to their symptoms (54). Home-based exercises also empower patients to take personal responsibility and accountability for their disease management (55). Moreover, environmental constraints are mitigated, particularly the challenge of limited healthcare resources, including insufficient rehabilitation facilities, a paucity of medical insurance, and poor access to hospital services in many of China’s rural areas (56). According to a recent consensus statement on EBCR delivery in low-resource settings, safe, equipment-free, cheap, and easy-to-implement exercise modalities provide the most practical options for implementation in China (57).

This study has several strengths. We took several steps to enhance the findings’ credibility. To achieve dependability, we read the interviews several times to derive a general understanding, and there was also frequent comparison between the parts of the analysis and the complete interview texts. All interviews were conducted by one researcher (HZ), which also added to the results’ dependability and she could use experiences from earlier interviews in probing for more information. To achieve confirmability, several researchers with different backgrounds were involved in the analysis process and discussed the findings. This minimized the risk of inventing data or biased interpretation. As this qualitative study was nested in the pilot RCT, current qualitative study should help to explain, support, and complement the findings from the pilot RCT.

Regardless, there remain limitations to this study. Given that this qualitative study was nested in a pilot RCT with a small sample (n = 20), variation in patients’ characteristics were limited to a sub-set with heart failure. For example, all of the study population was male and relatively young; and no patients were included in the study with NYHA I or VI. Although we encouraged participants to elaborate on their perspectives on the research topic, it is possible that female, younger or elderly patients with HF could have different perceptions on Baduanjin. Yet, we still contend that the main findings described above are generally transferrable to other regions of China. This is because that the study participants’ demographic and clinical characteristics are similar to the those CHF patients who are undergoing a cross-sectional survey in Guangzhou (58), and in China in general (54). Moreover, Baduanjin is commonly accepted as being beneficial to one’s health and relatively easy to learn in a short time, it has been a community exercise throughout different regions of Mainland China (59), Taiwan, Macau, and Hong Kong (30, 60). Hence, similar experience of practicing Baduanjin are expected to be found. Moreover, future research should include more participants receiving Baduanjin intervention under the real world treatment environment.



5. Conclusion

Positive practicing experience and perceived training benefits from Baduanjin was reported among the participants, which indicates that Baduanjin has the potential to become a cardiac rehabilitation exercise modality for CHF patients in China, especially in a home-based setting.
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Background: In view of the high morbidity and mortality of Diabetes mellitus—Coronary heart disease (DM-CHD) in diabetics, the combination therapy of traditional Chinese medicine injections (TCMIs) and conventional therapy (CT) is receiving extensive attention. Therefore, the effectiveness and security of conventional therapy with traditional Chinese medicine injections in the therapy of diabetes mellitus—coronary heart disease were compared by systematical review and network meta-analysis.
Methods: According to the preset inclusion criteria and exclusion criteria, we searched seven electronic literature databases from their inception to JAN 5,2022, to obtain the relevant RCT literature on the therapy of diabetes mellitus—coronary heart disease with traditional Chinese medicine injections. Two researchers independently reviewed the papers, two other researchers worked in extracting data and quality assessment of the included literature. The primary outcomes were total effective rate. The secondary outcomes included electrocardiogram (EGG)effective rate, the effective rate of angina pectoris, fasting blood glucose (FBG), 2-h postprandial blood glucose (PBG), hemoglobinA1c (HbA1c), total cholesterol (TC) and triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), frequency of angina pectoris, and duration of angina pectoris. We adopted stata16.0 software for the systematic review and network meta-analysis.
Results: A total of 53 trials involved 4,619 patients and one of the following 16 traditional Chinese medicine injections: Danhong, Danshen, Gualoupi, Gegen, Chuanxiongqin, Danshenchuanxiongqin, Shenmai, Shenqi, Xixin, Xuesaitong, Shuxuetong, Guanxinning, Kudiezi, Ciwujia, Xingding, Shuxuening. The meta-analysis revealed that Chuanxiongqin injection was superior to all other therapies in improving the total effective rate, [vs. conventional therapy odds ratio (OR): 14.52, 95% confidence interval (CI): 4.13–51.02], vs. Xuesaitong injection (odds ratio: 7.61, confidence interval: 1.25–46.40), and vs. Danshenchuanxiongqin injection (odds ratio: 3.98, confidence interval: 1.03–15.28)]. Xixin injection + conventional therapy was superior to conventional therapy only for electrocardiogram effective rate (odds ratio: 5.44, confidence interval: 1.55–19.18). Shenmai injection + conventional therapy was superior to conventional therapy in effective rate of angina (odds ratio: 11.05, confidence interval: 2.76–44.28). There was not different significantly in the comparisons of frequency of angina pectoris and duration of angina pectoris, we considered that this may be due to the lack of sufficient data. As most of the included RCTs did not monitor Adverse Events, the safety of those traditional Chinese medicine injections remains to be further explored.
Conclusion: Basing on our study, traditional Chinese medicine injections combined with conventional therapy takes important role in the treatment of diabetes mellitus—coronary heart disease, and its curative effect is better than conventional therapy. Nevertheless, properly designed RCTs are required to validate our conclusions in the future.
Systematic Review Registration: [https://inplasy.com/inplasy-2021-12-0125/], identifier [INPLASY2021120125].
Keywords: traditional Chinese medicine injection, diabetes mellitus, coronary heart disease, network meta-analysis, systematic review
INTRODUCTION
Diabetes mellitus (DM) is a disease characterized by hyperglycemia caused by metabolic disorders. It is one of the most important non-communicable diseases threatening human health at present (Petersmann et al., 2019). According to the latest data from the International Diabetes Federation (IDF), there were 537 million diabetic patients worldwide in 2021. It is estimated that the number of people with diabetes will increase by 46%, reaching 780 million by 2045 (Saeedi et al., 2019). The latest epidemiology survey of diabetes in China shows that the prevalence of diabetes in people aged 18 and over is 12.4%, so it is estimated that about 150 million people with diabetes are diabetics (Wang et al., 2021a). Coronary atherosclerotic heart disease (CHD) is one of the common complications of DM, which is a kind of heart disease caused by coronary atherosclerotic plaque leading to vascular stenosis or even obstruction, myocardial ischemia, hypoxia and necrosis (Viigimaa et al., 2020). Data show that diabetic patients are 4 times more likely to suffer from cardiovascular diseases than non-diabetic patients (Lodha et al., 2018). In addition, compared with non-diabetic patients, diabetes mellitus coronary heart disease (DM-CHD) has early onset, complex condition, difficult treatment and poor prognosis (Yu and Shao, 2021).
At present, the conventional treatments of DM-CHD include angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), statins to improve blood supply, blood glucose control and reduce the risk of complications (Yang et al., 2019; Wang et al., 2021b). However, these strategies require long-term treatment and have many adverse reactions and side effects, such as hyperkalemia, arrhythmia, deterioration of renal function, etc. (Saedder et al., 2014; Yang et al., 2017). Therefore, it is urgent to explore other potential and effective interventions for the treatment of DM-CHD.
In the theory of traditional Chinese medicine (TCM), diabetes and coronary heart disease belong to the category of “chest pain” and “diabetes” (Wang et al., 2019). With thousands of years of history and practical experience, TCM has accumulated rich experience in the cognition and treatment of DM-CHD, and has created many effective therapeutic methods, and TCM has been widely used as complementary and alternative approach to the treatment and prevention of cardiovascular diseases (Hao et al., 2017). Traditional Chinese medicine injections (TCMIs), as one of the methods of TCM for the treatment of DM-CHD, has been widely used in clinical practice (Zhang et al., 2008; Wang et al., 2017; Zhou, 2017). The main TCMIs include Danhong injection, Danshen injection, Gegen injection, Shenmai injection, Gualoupi injection, Chuanxiongqin injection. This study systematically evaluated the above TCMIs.
At present, there is little literature review and systematic review on TCMIs in the treatment of DM-CHD, and point to point RCTs comparison is also lacking. Through both direct and indirect comparison, the network meta-analysis can be compared and sorted to evaluate the safety and efficacy of different TCMIs in patients with DM-CHD, so as to select the best treatment (De Laat, 2017). Therefore, we conducted pairwise comparison and meta-analysis of related randomized controlled trials (RCTs) to compare the safety and efficacy of different TCMIs in patients with DM-CHD, so as to provide better help for clinical application.
METHODS
This study has been registered in the International Platform of Registered Systematic Review and Meta-Analysis Protocols (INPLASY), with the number INPLASY202120125. Our analysis was conducted based on the Preferred Reporting Item for Systematic and Meta-Analyses (PRISMA) guidelines for systematic review and meta-analysis (Hutton et al., 2015); see Supplementary material.
Data sources and searches
We searched PubMed, Web of Science, Embase, China National Knowledge Infrastructure (CNKI) Database, Chinese Biological Medicine Literature Service System Database (CBM), China Science Journal Database, China Science and Technology Journal Database (VIP), and Wan-fang database (WF) to get relevant articles that we need. The included articles were published from the establishment of each database to JAN 5, 2022. The theme search used was the combination of medical subject headings terms and free text terms. Searched terms included (“Diabetes” or “Diabetes mellitus”) and (“Coronary Diseases” or “Coronary Heart Disease”) and (“Injection”) within the restriction limit of (“randomized controlled trial”). We also manually searched journals that may publish research related to our subject.
Eligibility and exclusion criteria
The RCTs must meet the following requirements: 1) Participants: patients must meet the diagnostic criteria of coronary heart disease formulated by the Ministry of the health of the people’s Republic of China (Wang et al., 2018), and must meet the diagnostic criteria of diabetes published by WHO in 2019 (Kerner and Brückel, 2014). Ethnical, gender, age, and reasons for the disease are unlimited; 2) Interventions and comparisons: The control group was treated with traditional western medicine, including ACEIs or ARBs, antiplatelet drugs, hypoglycemic drugs, and statins. The treatment group was treated with one of the following 16 TCMIS based on routine western medicine treatment in the control group: Danhong injection, Danshen injection, Gualoupi injection, Gegen injection, Chuanxiongqin injection, Danshenchuanxiongqin injection, Shenmai injection, Shenqi injection, Xixin injection, Xuesaitong injection, Shuxuetong injection, Guanxinning injection, Kudiezi injection, Ciwujia injection, Xingding injection, Shuxuening injection (The details of TCMIs of all the included studies in the Supplementary Table S3); 3) Outcomes: the primary outcomes were total effective rate. The secondary outcomes included EGG effective rate, the effective rate of angina pectoris, fasting blood glucose (FBG), 2-h postprandial blood glucose (PBG), hemoglobinA1c (HbA1c), total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), frequency of angina pectoris, and duration of angina pectoris. Included trials needed to report at least one of these indicators; 4) Research design: randomized controlled trial.
Studies were excluded according to the following criteria: 1) Treatments in the control group contained other TCMIs, acupuncture, Chinese herbal medicine; 2) publications were duplicated; 3) control group was not set in the clinical study design; 4) the data was imperfect; 5) No relevant outcomes.
Literature inclusion and data extraction
NoteExpress software was used for literature management, and the literature selection was independently completed by two researchers. Firstly, duplicate articles and systematic reviews of animal experiments were excluded. Articles were then preliminarily screened by reading the titles and abstracts according to the inclusion and exclusion criteria. The next step is to read the full text of the preliminarily screened articles and conduct further screening in strict accordance with the inclusion and exclusion criteria. If the results of the study are controversial at any stage, a third researcher would participate in the discussion. In addition, relevant data were extracted, including basic information (publication date, author’s name, title), detailed characteristics of included patients (sample size, gender, average age, course of treatment), intervention measures (drugs, dose), results (main results, secondary results) and RCT quality evaluation information. We also tried to contact the study authors by email, telephone or fax to obtain missing demographic information, such as the sample size, gender distribution, age, etc.
Risk of bias assessment
We evaluated the quality of all the included RCT literature independently by two investigators according to the Cochrane risk of bias tool (Higgins et al., 2011), mainly based on the following items: method of random assignment, concealment of allocation scheme, blinding, completeness of outcome data, selective reporting of study results, and other sources of bias. Each item was classified as low, unclear, or high risk of bias. When any disagreement arose between the two investigators, it was resolved by a third investigator.
Data synthesis and statistical analysis
Stata 16.0 software was used for meta-analysis of results statistics and data. For binary variables, results are shown as odds ratios (ORs) and corresponding 95% confidence intervals (95% CI). If the outcomes were continuous type variable, they would presented as mean differences (MDS) and 95% CI. In addition, if there are two or more studies for each outcome, a head-to-head pairwise meta-analysis was performed using a random-effects model. Using a frequency framework and random-effects model, different interventions were compared through network meta-analysis, and the results of the analysis were presented using the leaderboard. Surface plots under the cumulative ranking curve area (Sucra) were plotted to evaluate the ranking of each treatment measure in the systematic analysis according to the magnitude of the area under the cumulative ranking curve, which was equal to one when the treatment measure was best and equal to 0 when the treatment was worst.
In pairwise meta-analyses, clinical heterogeneity should be examined by calculating the I2statistic and taking the way of comparing data from potential effect modifiers. If I2was ≤50%, the heterogeneity was not obvious (Higgins et al., 2003). Inconsistency cannot be assessed because each network plot in our analysis was not circular. In the systematic analysis, we also assumed that the estimates of heterogeneity variance were consistent. As publication bias may occur due to the relatively large number of studies, we plotted funnel plots to determine whether there was publication bias. In addition, we also assessed the quality of included studies according to five aspects: study limitations, indirectness, inconsistency, imprecision, and publication bias.
RESULTS
Literature selection
According to the established search strategy, we initially retrieved 1,340 articles, including 156 articles from CNKI, 734 articles from Wanfang, 220 articles from CBM, 116 articles from VIP, 92 articles from Pubmed, 20 articles from WOS, and two articles from Embase. A total of 919 articles were included after deleting duplicate articles. After carefully reading of the title and abstract of each artice, we excluded 783 artices that were not related to our study. In addition, we have carefully read the full-text of the remaining articles by Picos principles. Finally, we identified 53 RCTs, all of which have been published. In addition, the patient’s conditions and treatments must meet our pre-defined necessary conditions, and the outcomes in the literature must have at least one indicator as the primary outcome. The specific flow chart of the study is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Flow chart of the study selection.
Study characteristics
Among the 53 RCTs, a total of 4,619 patients were involved, and the patients participated in the trials were mostly middle-aged and elderly patients. All patients were treated with one of the 16 different TCMIs, as listed in the methods, in combination with conventional therapy. The main characteristics of all included studies are shown in Table 1.
TABLE 1 | Characteristic of the articles included in the network meta-analysis.
[image: Table 1]Quality evaluation
In terms of selective bias, the randomization of 11 articles was generated by a random number table, and therefore these articles were considered to be at low risk of bias. The two articles generated random sequences according to different clinical drugs, leading to higher risk of bias. The remaining RCTs used randomization only, without alternate the method of random assignment, and the risk of selection bias was considered unclear. In terms of performance bias, one study was double-blinded and five studies were all single-blinded, which were considered to be at low risk. However, three studies did not use blinding and were therefore rated as high risk. Other studies did not provide information on blinding, so performance bias was assessed as an unclear risk. Because there was incomplete information to assess the level of risk of detection bias, the risk levels were ambiguous. All articles are complete data and low risk. As the full trial protocol is not available, the risk of reporting bias was unclear. There were no other apparent biases in all studies and the risk was low. The summary of Risk of bias is shown in Figure 2, with green indicating low risk of bias, yellow indicating moderate risk of bias, and red indicating high risk of bias.
[image: Figure 2]FIGURE 2 | Summary of the risk of bias selection.
OUTCOMES
Total effective rate
In total, 37 RCTs were included involving studies of 14 treatments: DH + CT vs. CT (n = 9), DSCXQ + CT vs. CT (n = 6), XX + CT vs. CT (n = 3),SM + CT vs. CT (n = 3), GXN + CT vs. CT (n = 2), DS + CT vs. CT (n = 2), CXQ + CT vs. CT (n = 2), GG + CT vs. CT (n = 2), SXT + CT vs. CT (n = 2), CWJ + CT vs. CT (n = 2), KDZ + CT vs. CT (n = 1), XST + CT vs. CT (n = 1), SXN + CT vs. CT (n = 1), XD + CT vs. CT (n = 1). We plot a network plot of the results as shown in Figure 3A, with each row representing a head-to-head comparison type. The width of the line is proportional to the number of trials comparing the connected treatments. All types of TCMI + CT were superior to CT alone, and the difference was statistically significant in outcomes. The detailed comparative information is shown in Figure 4A: CT combined with the following TCMIs performed better than CT alone: Gegen injection (OR:7.00, CI: 2.22–22.06), Xingding injection (OR:7.00, CI: 1.38–35.48), Ciwujia injection (OR:5.67, CI: 1.54–20.89), Danshen injection (OR:4.95, CI: 1.58–15.47), Xixin injection (OR:4.70, CI: 2.33–9.50), Shenmai injection (OR:4.53,CI: 2.43–8.44), Guanxining injection (OR:4.42, CI: 2.10–9.29), Danhong injection (OR:4.17, CI: 2.87–6.06), Shuxuetong injection (OR:3.73, CI: 1.71–8.13), Danshenchuanxiongqin injection (OR:3.65, CI: 2.25–5.92). Among them, Chuanxiongqin injection was superior to all other treatment methods [vs. CT (OR: 14.52, CI: 4.13–51.02), vs. Xuesaitong injection (OR: 7.61, CI: 1.25–46.40), and vs. Danshenchuanxiongqin injection (OR: 3.98, CI: 1.03–15.28)].
[image: Figure 3]FIGURE 3 | Network graphs of comparisons on different outcomes of treatments in different groups of patients with DM-CHD. (A) Total effective rate; (B) EGG effective rate; (C) Effective rate of angina pectoris; (D) FBG; (E) PBG; (F) HbA1c; (G) TC; (H) TG; (I) HDL; (J) LDL; (K) Frequency of angina pectoris; (L) Duration of angina pectoris.
[image: Figure 4]FIGURE 4 | Final results of the systematic meta−analysis. (A) Total effective rate; (B) EGG effective rate; (C) Effective rate of angina pectoris; (D) FBG; (E) PBG; (F) HbA1c; (G) TC; (H) TG; (I) HDL; (J) LDL; (K) Frequency of angina pectoris; (L) Duration of angina pectoris.
Electrocardiogram effective rate
For the EGG effective rate, there were a total of 21 RCTs involving 12 treatment regimens: DH + CT vs. CT (n = 6), SM + CT vs. CT (n = 3), GG + CT vs. CT (n = 2), GXN + CT vs. CT (n = 2), XX + CT vs. CT (n = 1), CWJ + CT vs. CT (n = 1), KDZ + CT vs. CT (n = 1), XD + CT vs. CT (n = 1), SXT + CT vs. CT (n = 1), XST + CT vs. CT (n = 1), DS + CT vs. CT (n = 1), SQ + CT vs. CT (n = 1). Its reticular diagram is shown in Figure 3B. In terms of ECG response rate, Xixin injection was superior to CT alone (OR:5.44, CI: 1.55–19.18), Danhong injection (OR:2.54, CI: 1.68–3.84), Gegen injection (OR:2.46, CI: 1.11–5.48), Guanxining injection (OR:4.05, CI: 2.58–6.34), Shenmai injection (OR:2.99, CI: 1.63–2.50), Kudieziinjection (OR:3.45, CI: 1.02–11.72).
Effective rate of angina pectoris
There were a total of 11 RCTs on the effective rate of angina, involving seven treatment methods: DH + CT vs. CT (n = 5), GXN + CT vs. CT (n = 1), SQ + CT vs. CT (n = 1), CWJ + CT vs. CT (n = 1), SM + CT vs. CT (n = 1), DS + CT vs. CT (n = 1), SXT + CT vs. CT (n = 1). Its reticular diagram is shown in Figure 3C. Significant differences among the six treatments compared with CT alone are shown in Figure 4C: Shenmai injection + CTvs. CT (OR:11.05, CI: 2.76–44.28), Guanxining injection (OR: 9.36, CI: 3.47–25.22), Ciwujia injection (OR: 5.80, CI: 1.45–23.23), Danhong injection (OR:5.74, CI: 3.30–9.98), Shenqi injection (OR:4.68, CI:1.18–18.84), Danshen injection (OR:3.78, CI: 1.57–9.08).
FASTING BLOOD GLUCOSE
For the fasting blood glucose, its net diagram is shown in Figure 3D, involving a total of 17 RCTs and eight treatments, and all treatment comparisons compared were significant. Shenmai injection + CT had the best effect among all treatments, [vs. Danhong injection (MD: 2.62, CI: .71–9.96), vs. Guanxining injection (MD: 1.68, CI: .27–10.43), vs. Gualoupi injection (MD: 1.08, CI: .14–8.08), vs. Chuanxiongqin injection (MD: 3.63, CI: .61–21.53), and vs. XiXin injection (MD: 5.10, CI: .86–30.13)]. Compared with CT alone, the effect of Xixin injection was most significant.
POSTPRANDIAL BLOOD GLUCOSE
There were 12 RCTs with six treatments, involving 2-h postprandial blood glucose, the reticular diagram of which is shown in Figure 3E. As shown in Figure 4E, all treatments were significant compared with CT alone. Xixin injection was superior to all other treatments, [vs. CT (MD:0.90, CI:0.26-3.31), vs. Danhong injection (MD:3.07, CI:0.68-13.79), vs. Gualoupi injection (MD: 3.63, CI: .53-25.03), vs. Chuanxiongqin injection (MD: 2.41, CI: .37-15.69), vs. Shenmai injection (MD: 3.90, CI:0.60–25.51) and vs. Shuxuetong injection (MD: 1.00, CI:0.12–8.34)].
HEMOGLOBINA1C
For glycated hemoglobin, a total of 7 RCTs were involved with five treatments, and their reticular diagram is shown in Figure 3F. CT combined with the following TCMIs: Danhong injection (MD:0.34, CI:0.14-.82), Guanxining injection (MD: .14, CI: .03-.58), Gualoupi injection (MD: 1.73, CI: .35–8.67), Chuanxiongqin injection (MD: .66, CI: .16–2.83), Shuxuetong injection (MD: 1.03, CI:0.21–5.05) were better than CT alone. Gualoupi injection had the best efficacy among all therapies.
TOTAL CHOLESTEROL
A total of 21 articles and 10 treatment measures involved total cholesterol, reticular diagram of which is shown in Figure 3G. All treatment comparisons were significantly different. Xixin injection, vs. Danhong injection (MD:4.99, CI:2.14-11.61), vs. Chuanxiongqin injection (MD: 9.62, CI: 3.04-30.44), and vs. Danshenchuanxiongqin injection (MD: 2.92, CI: 1.28-6.65); Danshen injection, vs.. Xixin injection (MD: .91, CI: .30-2.79), vs. Gegen injection (MD: 3.25, CI: 1.09–9.72), and vs. Shenmai injection (MD: 7.10, CI: 1.98–25.48). All 10 interventions were significantly better than CT alone, among which Kudiezi injection had the best effect compared with CT alone, and the detailed comparison information is presented in Figure 4G.
TRIGLYCERIDES
There were a total of 21 RCTs, of which 11 treatments involved triglycerides, and their reticular diagrams are shown in Figure 3H. All TCMIs were superior to CT alone. Among them, the best effect is Xinding Injection [vs. Danhong injection (MD: 6.51, CI: 3.52–12.02), vs. Chuanxiongqin injection (MD: 5.70, CI: 2.63–12.35), vs. Danshenchuanxiongqin injection (MD: 5.28, CI: 2.96–9.42), vs. Xixin injection (MD: 4.88, CI: 2.58–9.23), vs. Gegen injection (MD: 6.11, CI:3.23–11.55) and vs. Shenmai injection (MD: 7.17, CI: 3.41–15.09)].
HIGH-DENSITY LIPOPROTEIN
For HDL, a total of 19 RCTs and 10 treatments were involved, and their reticular diagrams are shown in Figure 3I. Chuanxiongqin injection was superior to CT alone (MD:1.31, CI: 1.06-1.61). Gualoupi injection was superior to other TCMIs, Gualoupi injection [vs. Chuanxiongqin injection (MD: 1.40, CI:1.05-1.88), vs. Danshenchuanxiongqin injection (MD: 1.32, CI:1.05-1.67), and vs. Gegen injection (MD: 1.32, CI:1.03–1.70)]. Additional detailed comparative information is presented in Figure 4I.
LOW-DENSITY LIPOPROTEIN
A total of 20 RCTs involving studies of 10 treatment methods, and the mesh diagram are shown in Figure 3J. There were significant differences among the treatments, Danshenchuanxiongqin vs. Danhong injection (MD: 1.80, CI: 1.40-2.32), vs. Chuanxiongqin injection (MD:1.53, CI: .99-2.36); Shenmai injection vs. Xixin injection (MD: 1.16, CI: .64-2.10), vs. Gegen injection (MD: 1.63, CI: .88-3.02). The comparison information is shown in Figure 4J.
Frequency of angina pectoris
A total of 10 articles and five treatment measures related to the frequency of angina pectoris, and the network diagram is shown in Figure 3K. In the comparison of all therapies, Shenmai injection was significantly better than other therapies. Shenmai injection, vs. Danhong injection (MD: .44, CI: .09–2.21), vs. Danshen injection (MD: 1.08, CI: .20–5.84), vs. Danshenchuanxiongqin (MD: .67, CI:0.08–5.47). However, compared with CT alone, all TCMIs interventions had no obvious advantage in reducing the frequency of angina pectoris.
Duration of angina pectoris
For the duration of angina pectoris, a total of 9 RCTs and five treatment methods were involved, and the network diagram is shown in Figure 3L. Among the five treatment methods, the most effective ones were Shuxuetong injection [vs. Danhong injection (MD: 3.82, CI: 1.40–10.41), vs. Danshen injection (MD: 3.79, CI: 1.25-11.53), vs. Danshenchuanxiongqin injection (MD: 7.61, CI: 2.03–28.51), and vs. Shenmai injection (MD: 4.44, CI: .99–19.91)]. However, compared with CT alone, all TCMIs were less effective in shortening the duration of angina pectoris than CT alone.
Rank probabilities
Figure 5 shows the overview of Bayesian ranking of the comparison treatments, with the vertical axis representing the cumulative probability and the horizontal axis representing the sequence of processing. The detailed sorting results are summarized in Table 2. Chuanxiongqin injection is most likely to rank first in overall effective rate (cumulative probability 34.6%), Xixin injection for ECG effective rate (44.0%), Shengmai injection for an effective rate of angina pectoris (44.3%), Xixin injection for FBG effective rate (38.6%), Shuxuetong injection for PBG effective rate (30.8%), Gualoupi injection for HbA1c effective rate (56.1%), Kudiezi injection for TC effective rate (33.0%), Xingding injection for TG effective rate (19.7%), Chuanxiongqin injection for HDL effective rate (54.1%), Kudiezi injection for LDL effective rate (45.0%). Detailed SUCRA value is shown in Table 2.
[image: Figure 5]FIGURE 5 | Ranking probabilities of comparable treatments. (A) Total effective rate; (B) EGG effective rate; (C) Effective rate of angina pectoris; (D) FBG; (E) PBG; (F) HbA1c; (G) TC; (H) TG; (I) HDL; (J) LDL; (K) Frequency of angina pectoris; (L) Duration of angina pectoris.
TABLE 2 | SUCRA of different treatments for various outcomes.
[image: Table 2]We performed a GRADE assessment of the total effective rate using five downgrading factors: study limitations, inconsistency, indirectness, imprecision, and publication bias. The quality of evidence were graded as high, moderate,low, and very low, in which the rating of evidence quality for randomized controlled trials (RCTs) was preset as high, graded 1 as intermediate, 2 as low, and 3 as very low (Guyatt et al., 2011). Where XST + CT was downgraded by three for having a high risk of bias to be very low grade outside of this, the rest of the evidence grades were above low grade. Detailed GRADE grading is presented in Table 3.
TABLE 3 | GRADE assessment for the total effective rate.
[image: Table 3]Publication bias and sensitivity analysis
We plotted a funnel plot of the overall response rate to test for publication bias. As shown in Figure 6, we found that the various interventions were symmetrical along the centerline, and the angle between the centerline and the adjusted auxiliary lines was not large, suggesting less publication bias. The results of our concurrent sensitivity analysis are shown in Figure 7; while meeting the conditions of I2 < 50%, p > .1, and the point estimates of all outcomes are within 95% CIs of the pooled effect sizes. The results indicated that there were no findings to exclude, so we did not consider each study to have any bias in the results.
[image: Figure 6]FIGURE 6 | Funnel plot for total effective rate.
[image: Figure 7]FIGURE 7 | Sensitivity analysis results.
Adverse events
14 records considered adverse reactions, 9 records did not clearly describe adverse reactions during medication, and 5 records recorded specific adverse reactions, such as headache, nausea, somnolence, and other outcomes as shown in Table 4. The incidences of adverse reactions were 7.47%, 7.89%, and 10.85% for Danhong injection, Danshenchuanxiong injection and CT alone, respectively.
TABLE 4 | Adverse reactions of TCMIs.
[image: Table 4]DISCUSSION
Abnormal glycolipid metabolism in diabetes can cause progressive damage to cardiomyocytes and activate cardiac fibroblasts, leading to myocardial interstitial fibrosis and progressive decline in cardiac function. Ang IV and its receptor AT4R overactivation in the renin-angiotensin system (RAAS) and cardiomyocyte autophagy abnormalities may be important mechanisms by which diabetes leads to myocardial injury and ventricular remodeling (Zhang et al., 2021). Meanwhile diabetes can cause pathological cardiac remodeling and heart failure by elevating the protein expression and activity of ADAM17, affecting ADRA1A regulation and AMPK signaling, and increasing myocardial fibrosis and cardiomyocyte apoptosis (Xue et al., 2022). Diabetes can aggravate coronary atherosclerosis through abnormal glycolipid metabolism, cardiomyocyte death, oxidative stress, and other pathways (Ritchie and Abel 2020), triggering coronary heart disease, which has become one of the important complications of diabetes. DM-CHD often leads to polyvascular, calcified, diffuse lesions in patients (Naito and Miyauchi, 2017), aggravates mortality of patients, and greatly affects patients’ mental health and quality of life. Despite significant progress in basic research, drugs, and interventions, the level of clinical efficacy and prognosis of DM-CHD remain unsatisfactory (Hinnen and Kruger, 2019). TCM has a long history in the treatment of the DM-CHD. In recent decades, many TCMIs with remarkable efficacy have been discovered in clinical practice, and TCMIs are playing an increasingly important role in the treatment of DM-CHD.
Danshen injection is extracted from Danshen (Salvia miltiorrhiza Bunge, Lamiaceae, Salviae miltiorrhizae radix et rhizoma), Danhong injection is extracted from Danshen and Honghua. And the main active components are danshensu, protocatechuic aldehyde, safflflower yellow A, and salvianolic acid (Jiang et al., 2015; Liu et al., 2019). Danshen injection and Danhong injection could activate blood circulation and remove stasis, widely used in the treatment of DM-CHD with blood stasis syndrome. Chuanxiongqin, Danshenchuanxiongqin, Guanxinning, Shuxuetong and Xixin injection have the same efficacy and are also used for treatment DM-CHD with the syndrome of chest pain and stuffiness, palpitations, dark purple tongue, etc (Li et al., 2022). Gegen, Shuxuening and Xingding injection play an important role in dilating coronary artery and improving myocardial ischemia (Fan et al., 2022). And there are used for treatment ischemic coronary heart disease and angina pectoris. Gualoupi and Kudiezi injection have the effect of Regulating Qi to dissipate blood stasis and phlegm, widely used in the treatment of DM-CHD with blood stasis and sputum dampness syndrome. Shenmai, Shenqi and Ciwujia injection are used for treatment DM-CHD with deficiency of vital qi.
The systematical analysis approach was taken to compare the efficacy and safety of different TCMI treatments in patients with DM-CHD. A total of 53 RCTs and 4,619 patients were included in this study, and we evaluated 16 treatment methods from 12 indicators involving total effective rate, EGG effective rate, the effective rate of angina pectoris, FBG, PBG, HbA1c, TC, TG, HDL, LDL, frequency of angina pectoris, duration of angina pectoris. The results indicated that all kinds of TCMIs + CT were more effective in the treatment of DM-CHD than CT alone.
In terms of primary outcomes included the total effective rate, EGG effective rate and effective rate of angina pectoris. The results suggested that all types of TCMIs + CT were superior to CT alone, and results were significantly different. In terms of total effective rate, Chuanxiongqin injection SUCRA had the largest area and ranked first, indicating Chuanxiongqin injection had the best effect among all therapies and was the best treatment for DM-CHD. However, Xixin injection and Shenmai injection play important roles in improving ECG and alleviating angina pectoris in DM-CHD patients respectively. Studies have found (Wang et al., 2020; Ye et al., 2021) that Xixin injection can significantly improve cardiac function by expanding coronary artery, increasing coronary flow, reducing cardiac load and myocardial gas consumption, improving ST segment and changing T wave from low to upright in patients’ ECG. Qi et al. (Qi et al., 2015) suggested that Shenmai injection can reduce the activities of serum creatine kinase (CK) and lactate dehydrogenase (LDH), resist ischemia-reperfusion injury, and protect myocardium from myocardial injury, and alleviate the symptoms of angina pectoris, which was also confirmed in our study.
The secondary outcomes included FBG, PBG, HbA1c, TC, TG, HDL, LDL, frequency of angina pectoris, and duration of angina pectoris. TCMIs were significantly better than CT alone in FBG, PBG, HbA1c, TC, TG, HDL and LDL, and SCURA ranking was higher than CT. Among them, Xixin injection ranked first in FBG and PBG, indicating that its curative effect in improving FBG and PBG indexes was significantly higher than that of other therapies. Kudiezi injection ranked first in TC and LDL as the best choice. Gualoupi injection, Xingding injection, and Chuanxiongqin injection play important roles in HbA1c, TG, and LDL, respectively, and had significant advantages compared with other therapies. Experiments showed that Danhong injection can reduce the blood lipid level, inhibit the expression of MMP9, prevent poor myocardial remodeling, reduce myocardial fibrosis and improve myocardial function (Chen et al., 2016). Danshen injection can improve the normalization of hemodynamic parameters, ventricular mass and cardiac functions (Zhang et al., 2013). Zhang (Zhang, 2016) believed that Shuxuetong injection can reduce erythrocyte aggregation, improve platelet activation function and alleviate myocardial injury. By reducing myocardial injury and protecting cardiac function, it can slow down the occurrence of angina pectoris. However, in our study, Danhong injection, Danshen injection and Shuxuetong injection had no significant advantages compared with CT alone in reducing the frequency and duration of angina pectoris, we speculated that this was caused by small sample size at that time.
The safety is crucial to TCMIs, and we also considered the safety in the test. A total 14 RCT in our study considered safety issues, 9 articles did not clearly describe adverse reactions during medication, 5 records described specific adverse reactions, and most did not report any ADRs. The specific adverse reactions were nausea, cardiopalmus, and drowsiness. Aizziness and hypoglycemia were reported occasionally. Although these ADRs could be effectively relieved by symptomatic treatments, clinicians should keep this in mind when prescribing TCMI treatments. In our comparisons, Danshenchuanxiongqin injection had the worst safety profile.
In conclusion, the efficacy of TCMIs + CT was better than that of CT alone in the treatment of DM-CHD. In combination therapy, Chuanxiongqin injection is the first choice to improve the effective rate, XiXin injection had the best curative effect when measuring by FBG and PBG, and Kudiezi injection can improve TC and LDL.
LIMITATIONS
Our study had several limitations. First, no direct comparison between TCMIs were found between most treatments, and the most direct evidence was derived from one trial in the present network. Second, despite our best efforts, the quality of the included RCTs was low. Although the patients in the trials were randomized, only some of the 53 RCTs described specific randomization methods, such as random number table. And configuration concealment of some articles was unknown. Third, some trials were low sample size tests with positive findings and are particularly prone to various biases.
Due to the unsatisfactory quality of the included studies, based on our findings, we put forward the following two suggestions for further studies of TCMI-CT in the treatment of DM-CHD: 1) Prospective registration of large clinical trials in recognized clinical trial registration platform; 2) The trial protocol should be rigorously designed in terms of randomization, allocation, concealment, and blinding; 3) Design high-quality, large sample randomized controlled trial.
CONCLUSION
In our study, we revealed that TCMIs had positive effects on patients with DM-CHD, but there was no significant difference in the frequency of angina pectoris, duration of angina pectoris. In addition, XiXin injection had the best curative effect when measured by FBG and PBG, and Kudiezi injection can improve TC and LDL. At the same time, we also discovered that Danshenchuanxiongqin injection has side effects, which should be paid more attention in clinical applications.
Nevertheless, on account of some limitations, more clinical studies with well-designed, reasonable samples and good method quality are needed to test and verify our results in the future.
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Introduction: Chronic heart failure (CHF) has become an increasing concern with the aging of the population. This study aims to evaluate the effectiveness and safety of Qili Qiangxin capsules (QLQX) for CHF.

Methods: A systematic review and meta-analysis on clinical studies was conducted. The mechanisms of preclinical studies were summarized.

Results: We searched six electronic databases by 20 July 2022, and finally, 7 preclinical experiments (PEs) and 24 randomized controlled trials were included. The risk of bias was accessed by the SYRCLE and RoB 2.0 tool, respectively. PEs indicated that QLQX suppresses myocardial apoptosis, inhibits renin-angiotensin-aldosterone system activation, improves water retention, and enhances cardiocyte remodeling. In clinical studies, compared with routine treatment, QLQX could improve the indicators: clinical efficacy rate (RR = 1.16, 95% CI [1.12, 1.22], GRADE: moderate), left ventricular end-diastolic dimension (SMD = −1.04, 95% CI [−1.39, −0.70], GRADE: low), left ventricular ejection fraction (SMD = 1.20, 95% CI [0.97, 1.43], GRADE: moderate), 6-minute walk distance (SMD = 1.55, 95% CI [0.89, 2.21], GRADE: low), brain natriuretic peptide (SMD = −0.78, 95% CI [−1.06, −0.51], GRADE: low), N-terminal pro-brain natriuretic peptide (SMD = −2.15, 95% CI [−3.60, −0.71], GRADE: low), and adverse events (RR = 0.46, 95% CI [0.25, 0.87], GRADE: low).

Discussion: In summary, QLQX exerts a potential mechanism of utility on myocardial apoptosis and cardiac function and has noteworthy clinical adjuvant efficacy and safety in patients with CHF.

Systematic review registration: https://www.crd.york.ac.uk/prospero/.
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1. Introduction

Chronic heart failure (CHF) is a syndrome of venous blood stasis and arterial blood supply insufficiency due to impaired cardiac function and failure of pumping ventricular blood completely (1). The incidence of CHF has been increasing yearly with the aging of the population, and CHF is the end stage of various cardiac diseases. Routine treatment (RT) of CHF includes the use of diuretics to reduce cardiac load, angiotensin-converting enzyme inhibitors/angiotensin II receptor antagonists to reverse ventricular remodeling, β-blockers to inhibit sympathetic excitation, and digitalis drugs to inhibit Na+/K+-ATPase (1, 2). However, the contraindications of RT limit its use in CHF patients and result in a high risk of death or recurrence (3).

Oxidative stress and myocardial apoptosis are associated with the development and progression of CHF, particularly, the induction of HO-1 in CHF has been validated as an important cardioprotective adaptation against pathological left ventricular remodeling (4–6). QLQX is a Chinese patent medicine and has been commonly used for the treatment of CHF with wide acceptance in Chinese patients (7–9). It consists of Astragali Radix, Ginseng Radix et Rhizoma, Aconiti Lateralis Radix Preparata, Salvia Miltiorrhiza Radix et Rhizoma, Descurainiae Semen Lepidii Semen, Alismatis Rhizoma, Polygonati Odorati Rhizoma, Cinnamomi Ramulus, Carthami Flos, Periplocae Cortex, and Citri Reticulatae Pericarpium in the Chinese pharmacopeia. Notable that QLQX could exert cardioprotective effects by inhibiting the ROS/AMPK/mTOR signaling pathway to attenuate apoptosis and autophagic cell death (10). It has also been included in the Guidelines for Diagnosis and Treatment of Heart Failure in China, as a clinical recommendation for the treatment of CHF. Previous studies (11–13) have shown the promising effect of QLQX on CHF. This study aimed to explore the efficacy of QLQX for CHF and its molecular mechanisms through both preclinical and clinical aspects.



2. Materials and methods


2.1. Formulations and chemical

The inclusion of intervention in the study, QLQX, is based on the Chinese New Drug Certificate (National medicine permission number: Z20040141), and the patent “A pharmaceutical composition and preparation method for the treatment of chronic heart failure” (patent number: ZL02146573.8). The quality control, prescription composition and chemical composition involved in the included studies are shown in Supplementary Table 1.



2.2. Search strategy

This study was pre-registered (PROSPERO, No. CRD42021248464) and conducted following the PRISMA statement (14). The checklist was shown in Supplementary Table 2. The literature search was conducted in the databases of PubMed, Cochrane, Embase, Chinese National Knowledge Infrastructure (CNKI), China Science and Technology Journal (VIP), and Wanfang. The retrieval time was from the database establishment to 20 July 2021. MeSH terms combined with free search words were used for the literature search. The search strategy of the PubMed database was shown in Supplementary Table 3.



2.3. Eligible criteria

Inclusion criteria met the following requirements: (1) study type: preclinical experiments (PEs) or randomized controlled trials (RCTs); (2) cellular or animal models preclinically compatible with CHF, and patients clinically diagnosed with CHF; (3) QLQX alone or combined with RT as the intervention, and in preclinical experiments, the mechanism of QLQX was explored; (4) control group received RT or placebo; (5) there was no restriction on the outcome indicators of PEs, and the outcome indicators of RCTs were included as follows: clinical efficacy rate, cardiac function, 6-min walk distance (6-MWD), brain natriuretic peptide (BNP), N-terminal pro-brain natriuretic peptide (NT-proBNP), and adverse events. The exclusion criteria were as follows: (1) studies that included non-CHF patients; (2) repetitive studies, review, protocol, comment, case report, etc.; (3) PE or RCT included other Chinese medicine or related interventions in addition to QLQX; (4) data of studies was not available even though contacted with original authors.



2.4. Literature quality assessment

According to the Systematic Review Centre for Laboratory animal Experimentation (SYRCLE) (15), a risk of bias tool, PEs were assessed according to the following items: (1) sequence generation; (2) baseline characteristics; (3) allocation concealment; (4) random housing; (5) blinding of performance; (6) random outcome assessment; (7) blinding of detection; (8) incomplete outcome data; (9) selective outcome reporting; (10) other sources of bias. According to the Cochrane criteria, we assessed the quality of the included RCTs using the Risk of Bias 2.0 (RoB 2.0) (16) in six aspects: (1) bias arising from the randomization process; (2) bias due to deviations from intended intervention; (3) bias due to missing outcome data; (4) bias in measurement of the outcome; (5) bias in selection of the reported result; (6) overall. Under the supervision and coordination of a researcher (QH), two researchers (BS and YW) assessed the risk of the included PEs, and another two researchers (WY and YJ) assessed the risk of the included RCTs according to “low risk,” “high risk,” or “some concerns,” respectively.



2.5. Data extraction and analyses

The following data was extracted: (1) basic information of the included PEs (the first author, publication year, animal species, sex, number of animals, weight, intervention, experiment duration) and RCTs (the first author, publication year, sample size, age information of the patients, intervention, trial duration); (2) all outcome measures of experiments; (3) outcome measures including clinical efficacy rate, cardiac function, 6-MWD, BNP, NT-proBNP, and adverse events. Under the supervision of a researcher (HC), two researchers (HSL and JW) extracted the data of the PEs, and the other two researchers (CL and HZ) extracted the data of the RCTs.

The Stata 17.0 software (Stata Corp., College Station, TX, USA) was applied to statistical analysis: (1) random-effect model was employed, as different RT medicine or dosage may affect the therapeutic effect; (2) Cohen’s d and 95% CI were used for continuous variables; (3) relative risk (Relative Risk) and 95% CI were used for categorical variables; (4) A p-value < 0.05 indicated statistically significant; (5) Q statistics and I2 were used to evaluate the heterogeneity of each pooled analysis, and the p-value in Q statistics < 0.05 or I2 > 50% meant high heterogeneity; (6) the sensitivity analysis was carried out when any meta-analysis presented high heterogeneity; (7) as for the difference of interventions or classification of outcome measures, subgroup analyses were inclined to carry on.



2.6. GRADE assessment

This study used GRADE (Grades of Recommendation, Assessment, Development and Evaluation) (17), a transparent and structured quality rating system, to grade each of the outcome indicators in meta-analysis with four levels of evidence: high, moderate, low, and very low. The accessment followed the GRADE handbook. The reasons for downgrading levels of evidence certainty in the included studies were shown below: high risk of bias in results (18), high level of heterogeneity (19), low generalizability of the study (20), no statistical significance of effect size (21), and publication bias in the study (22).




3. Results


3.1. Eligible studies

A total of 2,235 studies were retrieved through the initial search, and 1,482 studies were obtained after removing duplicate studies. By screening the titles or abstracts, 177 studies were obtained, followed by the full-text accessment, and 7 PEs and 24 RCTs were included. The flow chart of the study screening is shown in Figure 1.


[image: image]

FIGURE 1
Flow chart.




3.2. Literature characteristics

Seven PEs (23–29) and 24 RCTs (30–53) included 294 rats and 2,731 patients respectively. PE studies range from 4 to 8 weeks including 21–60 animals in each study. The clinical trial duration ranges from 2 to 24 weeks with patients from 64 to 491 each. In the PEs, all experiments were pharmacodynamic studies investing the biochemical effects of QLQX in animal CHF models. In the included RCTs, 1 trial (33) used the placebo in the control group. The characteristics of included studies are shown in Tables 1, 2.


TABLE 1    Basic information of the included preclinical experiments.

[image: Table 1]


TABLE 2    Basic information of the included randomized controlled trials.
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3.3. Risk of bias

Seven PEs (23–29) were assessed by the SYRCLE risk of bias tool (Supplementary Table 4). All PEs were assessed as the “some concerns” in the item of “random housing” in all PEs due to lack of reporting. Three PEs (27–29) existed a “some concerns” risk in the “sequence generation” section due to lack of group method reporting, and other two PEs (25, 26) without baseline information were assessed as the “some concerns.” A total of 24 RCTs (30–53) were assessed by RoB 2.0 risk of bias tool (Supplementary Table 5). All RCTs were assessed as the “low” risks in the item of “bias due to deviations from intended intervention” and “bias arising from the randomization process.” From the item of “bias in measurement of the outcome” or “bias in selection of the reported result,” three RCTs (38, 42, 49) were assessed as “high” risks because of incomplete data and results.




4. Preclinical experiments

Seven PEs (23–29) studied the effect of QLQX for CHF in the animal models. As shown in Figure 2, one experimental study showed that QLQX improved cardiac function in the CHF rat model of the left anterior descending coronary artery ligation by suppressing caspase-3 mediated myocardiocyte apoptosis (23). Consistently, QLQX attenuated apoptosis in myocardiocytes of CHF rats by inhibiting Fas, FasL, and Bax and upregulating Bcl-2 (24). Two experimental studies indicated that QLQX reduced levels of oxidative stress in CHF rats as demonstrated by the downregulation of malondialdehyde (MDA) and upregulation of superoxide dismutase (SOD) in serum (26, 28). QLQX also improved cardiac function by inhibiting activation of cardiac RAAS, e.g., upregulation of renin, angiotensin II, and aldosterone, angiotensin converting enzyme (ACE), and angiotensin type 1 receptor (AT1R) (28). QLQX elevated MDC protein content and expression, and the binding of MDC to CC chemokine receptor 4 (CCR4) could activate G protein and promote Ca2+ influx, finally enhancing myocardial contractile function (29). QLQX improved cardiac output by increasing P2X-mediated ventricular contractility in CHF rats (25). QLQX also reduced water reabsorption by suppressing aquaporin-2 expression and phosphorylation at serine 256 (pS256-AQP2) (27).


[image: image]

FIGURE 2
Potential mechanism of QLQX for CHF.




5. Clinical trials


5.1. Clinical efficacy rate

Fourteen RCTs (32, 34–37, 40, 41, 44–47, 49, 51, 53) reported the clinical efficacy rate. As shown in Figure 3A, QLQX plus RT significantly increased clinical efficacy rate [RR = 1.16, 95% CI (1.12, 1.22), p < 0.05, GRADE: moderate, as shown in Table 3], with no heterogeneity [Q (13) = 5.43, P = 0.00, I2 = 0]. Egger test results showed that there was no published bias (β1 = 2.02, SE of β1 = 1.636, z = 1.23, P = 0.2180 > 0.05). The L’Abbe and funnel plots are respectively presented in Figures 3B, C.


[image: image]

FIGURE 3
(A) Forest plot of the clinical efficacy rate; (B) L’Abbe plot; (C) Funnel plot.



TABLE 3    GRADE summary of comparing QLQX plus RT group with RT groups.

[image: Table 3]



5.2. Cardiac function

Fourteen studies reporting the results of LVEF, 7 studies reporting LVEDD and three studies (43, 44, 53) reporting LVESD were pooled and analyzed. As shown in Figure 4, the intervention group significantly improved the indicators of LVEF [SMD = 1.20, 95% CI (0.97, 1.43), p < 0.05; Q (13) = 46.66, p = 0.00, I2 = 71.31%, GRADE: moderate], and LVEDD [SMD = −1.04, 95% CI (−1.39, −0.70), p < 0.05; Q (10) = 60.77, p = 0.00, I2 = 84.40%, GRADE: low] compared to the control group. However, there was no significant difference between QLQX plus RT and RT on decreasing LVESD in patients with CHF [SMD = −0.82, 95% CI (−1.78, 0.14), p > 0.05; Q (2) = 26.92, p = 0.00, I2 = 92.44%, GRADE: low]. Heterogeneity analysis indicated that differences in drug dosage and sample size might cause high heterogeneity.


[image: image]

FIGURE 4
Forest plot of the cardiac function.




5.3. 6-min walk distance

Six studies (35, 37, 39, 45, 46, 53) reported the 6-MWD. The forest plot in Figure 5 showed that intervention group improved the 6-MWD significantly [SMD = 1.55, 95% CI (0.89, 2.21), p < 0.05, GRADE: low]; but there was a higher heterogeneity [Q (5) = 59.55, p = 0.00, I2 = 91.67%]. The heterogeneity analysis indicated that different durations led to high heterogeneity.


[image: image]

FIGURE 5
Forest plot of 6-min walk distance.




5.4. BNP and NT-proBNP

Eight studies (31, 38, 39, 43–45, 47, 49) reported serum BNP levels. However, sensitivity analysis found that two studies (44, 49) caused a higher heterogeneity [Q (7) = 152.55, p = 0.01, I2 = 98.16%] and were excluded from the pooled analysis. The forest plot in Figure 6A reported that QLQX plus RT significantly reduced the level of serum BNP in patients with CHF [SMD = −0.78, 95% CI (−1.06, −0.51), p < 0.05, Q (5) = 12.29, p = 0.00, I2 = 59.27%, GRADE: low]. Six studies (34, 37, 42, 46, 51, 53) QLQX significantly decreased serum NT- proBNP levels [SMD = −2.15, 95% CI (−3.60, −0.71), p < 0.05, Q (5) = 168.27, p = 0.00, I2 = 98.06%, GRADE: low] as shown in Figure 6B.


[image: image]

FIGURE 6
(A) Forest plots of brain natriuretic peptide; (B) N-terminal pro-brain natriuretic peptide.




5.5. Adverse events

Seven studies (41, 44, 45, 47, 49, 51, 53) reported adverse events. The forest plot Figure 7 indicated that compared with the RT, QLQX treatment showed a decrease in adverse events [RR = 0.46, 95% CI (0.25, 0.87), p < 0.05, Q (6) = 12.01, p = 0.02, I2 = 51.05%, GRADE: low].


[image: image]

FIGURE 7
Forest plot of adverse events.





6. Discussion

From the clinical aspect of traditional Chinese medicine, QLQX could be used for the type of heart-Yang deficiency caused by Qi inadequacy and blood stasis in CHF (33). This study explored the possible molecular mechanism and clinical efficacy of QLQX in the treatment of CHF. In the clinical section, our pooled analysis showed that QLQX presented significant efficacy in clinical efficacy rate, LVEF, LVEDD, 6-MWD, BNP, NT-proBNP, and adverse events. Previous evidence (54) has shown that tailor-made medications by NT-proBNP guided approach reduce all-cause mortality of CHF by 20% compared with conventional treatments. Our findings show that QLQX has a larger reductive effect on NT-proBNP, suggesting a good clinical effect on CHF. The GRADE-assessed evidence added to this study demonstrates that most of the pooled analyses remain low-level evidence recommendations but show a moderate level of evidence in clinical efficacy rate and improved LVEF indicator due to the sufficient number of studies and patients.

Based on our preclinical findings and previous studies, PI3K/AKT may be a noteworthy signaling pathway regulated by QLQX during the treatment of CHF. QLQX could activate this signaling pathway, up-regulating GSK3β, increasing Bcl-2 and decreasing Bax (55, 56). The pathway could also activate enzymatic antioxidant systems, including SOD, catalase, and heme oxidase-1, which prevents the excessive production of ROS, and reduce the level of MDA. And SODs could catalytic O2– to H2O2, then catalase or glutathione peroxidase in the cytoplasm and mitochondria converts H2O2 to H2O and O2 (56, 57). Besides, it has been proved that the accumulation of ROS could induce apoptosis and excessive autophagy, while QLQX could inhibit it by down-regulating AMP-activated protein kinase phosphorylation, and up-regulating mechanistic target of rapamycin (mTOR) phosphorylation (10). Another study (58) indicates that the cardioprotective effect of QLQX is partially mediated through PI3K/AKT-dependent vascular endothelial-derived growth factor (VEGF) expression, which could prevent apoptosis and regulate cell survival. According to previous studies (59, 60), although the role of p53 gene in the heart is well established, it is not clear how p53 is regulated in CHF. In normal cells, p53 expression is kept at low levels by the E3 ubiquitin ligase mouse double minute 2 homolog (Mdm2), which targets p53 for proteasomal degradation. In response to acute stress, Mdm2 is inactivated and increased p53 levels block cell division and induce apoptosis (61). Therefore, we hypothesize that QLQX could downregulate p53 to curb the negative feedback loop of p53 activity, but further validation is needed.

There are some limitations in this study. First, even though one high-quality RCT (33) is included, the overall quality of the included RCTs is still not enough to provide a high certainty of evidence. Second, mechanisms of QLQX protecting against CHF are not fully explored. In the study, low to moderate levels of evidence indicated that QLQX attenuates CHF. In the future, more well-designed RCTs should be conducted to improve the reliability of evidence. Preclinical studies should delve into the signaling pathways associated with ventricular remodeling to explore the mechanisms by which QLQX exerts its effectiveness as well as determine the active compounds in QLQX.



7. Conclusion

QLQX has adjuvant efficacy and safety in patients with CHF and improves clinical efficacy rates, LVEF at moderate levels of evidence. QLQX could attenuate CHF by inhibiting apoptosis, suppressing RAAS activation, improving water retention, and enhancing cardiocyte remodeling.
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Introduction: Xin-Li-Fang (XLF), a representative Chinese patent medicine, was derived from years of clinical experience by academician Chen Keji, and is widely used to treat chronic heart failure (CHF). However, there remains a lack of high-quality evidence to support clinical decision-making. Therefore, we designed a randomized controlled trial (RCT) to evaluate the efficacy and safety of XLF for CHF.

Methods and design: This multicenter, double-blinded RCT will be conducted in China. 300 eligible participants will be randomly assigned to either an XLF group or a control group at a 1:1 ratio. Participants in the XLF group will receive XLF granules plus routine care, while those in the control group will receive placebo granules plus routine care. The study period is 26 weeks, including a 2-week run-in period, a 12-week treatment period, and a 12-week follow-up. The primary outcome is the proportion of patients whose serum NT-proBNP decreased by more than 30%. The secondary outcomes include quality of life, the NYHA classification evaluation, 6-min walking test, TCM symptom evaluations, echocardiography parameters, and clinical events (including hospitalization for worsening heart failure, all-cause death, and other major cardiovascular events).

Discussion: The results of the study are expected to provide evidence of high methodological and reporting quality on the efficacy and safety of XLF for CHF.

Clinical trial registration: Chinese Clinical Trial Registration Center (www.chictr.org.cn). The trial was registered on 13 April 2022 (ChiCTR2200058649).

KEYWORDS
  Traditional Chinese Medicine, protocol, chronic heart failure, randomized controlled trial, Xin-Li-Fang


1. Introduction

Chronic Heart Failure (CHF) is a clinical syndrome of abnormal cardiac structure and/or function with various causes. It leads to the decline of cardiac output, systolic and/or diastolic dysfunction, metabolic derangements, and myocardial cell death (1). In China, 1.5–3.5% of the population suffers from heart failure (2). However, with the development of modern medicine, the HF survival rate is gradually rising, while the morbidity, mortality and hospitalization rates caused by HF have either remain unchanged or worsened (2).

Traditional Chinese medicine (TCM) has immense potential in improving cardiac systolic and diastolic function, patient quality of life, and other factors, and can be considered a supplementary and alternative therapeutic strategy for CHF treatment (3). Through the analysis of TCM syndrome and medication rules for CHF, it has been shown that a syndrome called Qi deficiency and Blood stasis and Water-Dampness retention (QBWD) is the most common syndrome for patients with heart failure, throughout the entire course of the disease (4, 5).

Xin-Li-Fang (XLF), as a representative Chinese patent medicine, is derived from years of clinical experience from academician Chen Keji, and is widely used to treat the CHF associated with QBWD syndrome. Details on XLF are listed in Table 1. XLF is composed of Plantaginis Herba (Che Qian Cao), Curcumae Rhizoma (E Zhu), Ginseng Radix Et Rhizoma Rubra (Hong Shen), Astragali Radix (Huang Qi), Astragali Radix Praeparata Cum Melle (Zhi Huang Qi) and Corni Fructus (Shan Zhu Yu).


TABLE 1 Components of Xin-Li-Fang.
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Our research team's previous studies have shown that in a rat model of CHF, XLF can improve heart function and increase the proportion of regulatory T (Treg) cells in the spleen and the lymph (this research has not been published). Meanwhile, it can also reduce the level of serum inflammatory factors and inflammatory body-related proteins, down-regulate the expression of Treg-related pathway proteins in myocardial tissue, decrease the proportion of ventricular fibrosis area, and play the role of anti-myocardial fibrosis in CHF rats (this research has also not been published).

However, there is still a lack of high-quality clinical evidence with endpoint events and adverse reactions as evaluation indexes, and the efficacy and safety of XLF remains unclear. Therefore, we designed a multicenter, double-blind, randomized placebo-controlled trial to investigate the effect and safety of XLF for CHF.



2. Methods


2.1. Design and settings

This study is a multicenter, randomized, double-blind, placebo-controlled clinical trial in which patients will be recruited from the outpatient cardiology departments at seven centers in China. The sites include Guangdong Provincial Hospital of Chinese Medicine, Xiyuan Hospital of CACMS, First Teaching Hospital of Tianjin University of Traditional Chinese Medicine, Shuguang Hospital of Shanghai University of Traditional Chinese Medicine, The Affiliated Hospital of Shandong University of Traditional Chinese Medicine, The First Affiliated Hospital of Henan University of Chinese Medicine and Xinjiang Uygur Autonomous Region Hospital of Traditional Chinese Medicine. Eligible participants with CHF will be randomly assigned to receive either XLF or a placebo for 12 weeks, and then will be followed for 12 weeks.

Figure 1 is a flowchart of the study design. The trial has been approved by the Ethics Committee at Guangdong Provincial Hospital of Chinese Medicine (BF2021-261-01) and registered with an identifier (ChiCTR2200058649) in the Chinese Clinical Trial Registry. Additionally, a Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) figure for the schedule of enrolment, interventions, and assessments is presented in Table 2.


[image: Figure 1]
FIGURE 1
 Study flowchart. CHF, chronic heart failure.



TABLE 2 Study procedure table.
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2.2. Participants
 
2.2.1. Diagnostic criteria for CHF

(1) The CHF diagnostic criteria are based on the 2018 Chinese Guidelines for the Diagnosis and Treatment of Chronic Heart Failure published by the Chinese Medical Association Cardiovascular Disease Branch (6), 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure (7), and the 2022 AHA/ACC/HFSA Guidelines for the Management of Heart Failure (8).

(2) Patients must have a history of CHF of at least 3 months, or clinical symptoms of HF for at least 3 months.

(3) Patients must have received standard medical treatment for at least 2 weeks and no modification of dosage or intravenous administration.



2.2.2. Diagnostic criteria for “Qi deficiency and Blood stasis and Water-Dampness retention (QBWD)” syndrome

QBWD syndrome diagnosis refers to expert consensus on CHF diagnosis and treatment in Chinese medicine, and textbooks on internal medicine for integrated traditional Chinese and Western medicine (9, 10). Syndrome differentiation will be independently determined by two qualified TCM cardiologists according to the diagnostic criteria for TCM differentiation (Table 3).


TABLE 3 Diagnostic criteria for traditional Chinese medicine syndromes.
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2.2.3. Inclusion criteria

Patients who meet all of the following criteria will be enrolled:

(1) At least 18 years of age

(2) Meet the CHF diagnosis criteria

(3) QBWD syndrome diagnosis

(4) New York Heart Association (NYHA) classification stages II-IV

(5) Serum NT-proBNP≥450 pg/ml (11)

(6) Signed informed consent.



2.2.4. Exclusion criteria

Patients with one of the following conditions will be excluded:

(1) CHF caused by any of the following conditions: valvular disease, congenital heart disease, pericardial disease, cardiac arrhythmia, or other non-cardiogenic factors, including dysfunction in the kidneys, liver or lungs.

(2) Severe liver, kidney, hematological disease or abnormal renal or hepatic function. Patients with tumors, severe neural, endocrine or psychological disease; judgment from an investigator predicting that the survival period will not exceed 1 year.

(3) Comorbid with left ventricular outflow tract obstruction, myocarditis, hypertrophic cardiomyopathy, restrictive cardiomyopathy, aortic aneurysm, aortic dissection, congenital heart disease, or significant hemodynamic changes in patients with silent valvular heart disease; patients with cardiogenic shock, uncontrollable malignant arrhythmia, sinus or atrioventricular block without pacemaker treatment, progressive unstable angina pectoris or acute myocardial infarction.

(4) Patients undergoing cardiac resynchronization therapy, or who will undergo coronary revascularization or cardiac resynchronization therapy within 12 weeks.

(5) Patients with hypertension without control, SBP ≥ 180 mmHg and/or DBP ≥ 110 mmHg; SBP < 90 mmHg and/or DBP < 60 mmHg.

(6) Patients with allergies, or those who are known to be allergic to this medicine and its ingredients.

(7) Patients who have been involved in any clinical trial within the past month.

(8) Pregnant or lactating women.

(9) Investigator judges that patient could not complete the study or could not comply with the requirements of the study.




2.3. Recruitment process

Participants will be recruited via on-site screening of outpatients and inpatients, regular screening of potential participants using electronic medical records, and referrals from physicians and other providers. Patients who meet the inclusion criteria and sign informed consent forms will enter the screening period; otherwise, they will be excluded before randomization. Patients who agree to participate will be examined and diagnosed jointly by the main investigator and their attending physician according to the inclusion and exclusion criteria to determine their eligibility for the trial. Patients who pass the screening and sign the informed consent will be enrolled in the online allocation system and subsequently participate in the experiment's intervention and follow-up periods. In addition, the demographic characteristics of any ineligible patients and the reasons for not participating will be recorded. All personal patient information will be kept strictly confidential.



2.4. Randomization and allocation concealment

Through the central randomization system, the patients will be randomly divided into a Xin-Li-Fang group and a placebo group at a 1:1 ratio. Stratified by the central stratification method, we will use SAS 9.2 statistical software to generate random numbers and the random assignment results. The investigators will obtain the randomized number and drug number by a sequential number in the central randomization system. All center numbers, sequence numbers, randomization numbers, and drug numbers will be managed by the statistical unit.



2.5. Blinding

This study is a double-blind trial, in which neither participants nor study personnel will know the group allocation or be able to identify the treatment. Both the XLF and placebo granules will be manufactured by the Jiangyin Tianjiang Pharmaceutical Co., Ltd. (Jiangyin, China), and the placebo will be identical to the SGR in color, size, shape, and taste. All of the above drugs comply with the requirements of the National Drug Manufacturing Code of China. Blinding codes will be assigned after the randomization operation. This process will be operated by a specially assigned person, and the sequence number of the subject, corresponding random numbers and grouping results (i.e., the subjects are assigned to either a Group A or a Group B) will be the primary blinding base. Then, the two groups will be blinded to the medication, which will be the secondary blinding base (i.e., which of Group A or Group B used the TCM and which used the placebo), and each subject's drug number will be randomly prepared in order. All operations will be recorded and properly stored. The statistician will uncover the blinding when necessary, in case any serious adverse events (SAEs) occur during the course of the study, or emergency care is needed in an emergency situation. Once unblinded, the participant will be withdrawn from the study and the investigator will report the reason to the examiner within 24 h.



2.6. Interventions
 
2.6.1. Routine care

Referring to the 2018 Chinese Guidelines for the Diagnosis and Treatment of CHF (6), the subjects will be given conventional basic treatment to reduce cardiac load and reverse ventricular remodeling, including the use of ACEIs, ARBs, ARNIs, diuretics, β-blockers and other standardized drug therapies. After entering the treatment period, the type and dose of the drugs used for each patient will continue the standard treatment plan before enrollment. If the patient needs to adjust the drug dosage or type due to a change in condition during the treatment period, the drug name, dosage, frequency and time of use, the composite endpoint events and adverse events will be recorded in the CRF table.



2.6.2. Experimental group

Patients in the experimental group will receive routine care plus XLF granules (2 bags at 10 mg each, orally, three times a day, with warm water) for 12 weeks, and the total observation follow-up period will be 24 weeks.



2.6.3. Control group

Patients in the control group will receive routine care plus placebo granules (2 bags at 10 mg each, orally, three times a day, with warm water) for 12 weeks and the total observation follow-up period will be 24 weeks.



2.6.4. Concomitant medication during the trial

During the trial, we do not suggest using other similar TCM with the goal of invigorating qi or promoting blood circulation and diuresis, or any Chinese patent medicines for HF that are stated in the instructions. Concomitant therapy for comorbidities will be allowed during the trial.



2.6.5. Monitoring compliance

The subjects' compliance will be evaluated by recording the distribution and recovery of the medication. Patients with compliance rates equal to or >80% will be considered as having high compliance. Any reasons for not taking the medication will be recorded as well.




2.7. Outcome measurements

The time points of the study data collection for outcome measurements are shown in Table 2.


2.7.1. Primary outcomes

The primary outcome is the proportion change in patients with a decrease in serum NT-proBNP of more than 30% after 12 weeks of treatment.



2.7.2. Secondary outcomes

The secondary outcomes will include: (1) Minnesota Living with Heart Failure questionnaire (12); (2) NYHA classification evaluation (13); (3) 6-min walking test (14); (4) TCM symptoms evaluation; (5) the Evaluation Scale of Dampness Syndrome of Traditional Chinese Medicine (15); (6) echocardiography parameters, and (7) clinical events (e.g., hospitalization for worsening heart failure, all-cause death, other major cardiovascular events).




2.8. Safety assessments

Information on adverse events (AEs), including the occurrence time, severity, duration, adopted measures, and prognosis, will be recorded truthfully and in detail. Additionally, the investigator will assess every AE recorded to analyze the causality between the AE and the studied drugs. Serious adverse events (SAEs) are defined as events which can cause hospitalization, loss of ability to work, disability, congenital deformity, or death, according to the International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH) guidelines (16). Besides the abovementioned measures, in the incidence of any SAE, the principal investigator will be notified. Additionally, a report will be submitted to the ethics committee and the data and safety monitoring committee (DSMC) within 24 h.



2.9. Sample size calculation

Sample size calculation is based on the level of NT-proBNP, the main efficacy indicator. The literature showed that after 12 weeks of conventional basic treatment combined with placebo, NT-proBNP levels decreased by more than 30% in 31.98% of the patients, and after 12 weeks of conventional basic treatment combined with TCM, NT-proBNP levels decreased by more than 30 in 47.95% of the patients (17). Therefore, we estimate that after 12 weeks of conventional basic treatment combined with XLF, the NT-proBNP levels will decrease by more than 30 in 50% of the patients. Thus, assuming α = 0.05 and β = 0.20, the calculated sample size required for each group is 114 cases, after substituting the above values in PASS 11. Considering that 20% will miss visits, the sample size is adjusted to 150 cases in each group.



2.10. Statistical analysis

Statistical analysis will be conducted with SAS 9.2 (SAS Institute Inc., USA) in accordance with a pre-established statistical analysis plan. Data analysis for efficacy will be performed following the intention-to-treat (ITT) principle. The full analysis set (FAS) comprises all randomly assigned patients, but rejects those who are wrongly enrolled, or do not receive any assigned treatment or follow-up. The per-protocol set (PPS) includes patients who complete the planned treatment program. The safety set (SS) includes patients who received at least one treatment after randomization and were evaluated for safety. Efficacy analysis will be performed on the FAS and PPS. All baseline demographics will be analyzed on the FAS, and safety evaluation will be performed on the SAS.

The two groups' baseline characteristics will be summarized by descriptive statistics. For the primary and secondary outcomes, a t-test or Mann–Whitney U test will be employed for continuous variables with normal or unknown distributions; Chi-squared test or Fisher's exact test will be used for categorical variables. Any change across time among the primary or secondary outcomes will be analyzed by the generalized estimated equation model or a mixed-effects model, as appropriate. Sub-group analysis will also be conducted according to the pre-established statistical analysis plan.



2.11. Data management

Data management will ensure the authenticity, integrity and accuracy of clinical trial data, and the data management process will comply with regulatory requirements such as Good Clinical Practice (GCP) (18) and the Technical Guidelines for Clinical Trial Data Management (19), and ensure the traceability of clinical trial data.



2.12. Quality control

Researchers will perform their duties, follow the clinical research plan, adopt standard operating procedures, and verify all relevant observations and findings to ensure the implementation of the quality control and quality assurance system of the clinical research. In the clinical study, subject allocation must adhere to the random allocation scheme determined by the study design, and each subject's processing grouping code will be saved by the statistical unit and the researcher as the blind background.

The investigator must provide necessary training for all personnel participating in the clinical study, explain any relevant data, operation specifications or responsibilities, and ensure that the data are truthfully, accurately, completely, timely and legally recorded in the medical records and CRFs. CRFs must be kept by special personnel.

The supervisor will follow the standard operating procedures, promote the implementation of the research plan, and confirm that all data records and reports are correct and complete, and that all CRF are correctly filled out and consistent with the original data. The supervisor will systematically check the activities and documents related to the clinical study to evaluate whether the study has been conducted in accordance with the protocol, standard operating procedures and relevant laws and regulations.

All clinical laboratory indexes must be accurately recorded, and a copy of the original report needs to be pasted on the case report form. In order to check the data quality and implementation process, the medical statisticians will input the research data into the report comprehensively and correctly, and all steps involved in data management will be recorded. The clinical research will accord with the approved protocol, and any deviation from the protocol will be recorded. Any modification of the research scheme needs to be described and reported to the Ethics Committee for approval before implementation.



2.13. Ethical considerations

This trial will be conducted in accordance with the principles of good clinical practice and the Declaration of Helsinki. Before signing informed consent, all participants will be informed of the purpose, interventions, possible benefits and harm of this study. Completing the informed consent form and qualifying for the trial will not affect patients' subsequent treatment, regardless of when or why they withdraw.

Patients will have the right to withdraw from the study at any time for any reason, but should try to avoid unnecessary withdrawal. They should take measures to complete follow-up as far as possible, so that its efficacy and safety can be evaluated. However, if a patient decides to withdraw, the researcher must contact the patient or his responsible relatives by telephone or personal interview, and confirm the reason for withdrawal if possible. The researcher will retrieve the remaining drugs when the patient withdraws, and complete the final evaluation and the case report as much as possible, explain the reason for withdrawal, and follow up on the occurrence of the endpoint event for the withdrawing patient. If the reason for patient withdrawal is an adverse event, this must be recorded in the complete CRF.




3. Discussion

XLF, as an empirical prescription of academician Chen Keji, has long been used as a clinical treatment for CHF. This trial is the first randomized, double-blind, placebo-parallel controlled experiment conducted in China to investigate the safety and clinical efficacy of XLF, so as to provide high-quality clinical evidence for optimizing the CHF treatment scheme.

Most TCM is used to achieve multiple therapeutic effects in the form of compounded Chinese medicine (20, 21). However, standardizing clinical randomized controlled trials on compound Chinese medicine has presented several challenges (22). For example, it is difficult to conduct clinical research under the guidance of “syndrome differentiation and treatment” in TCM theory (23). To mitigate influence from patients with other symptoms, in this study, based on the current analysis of TCM syndrome and medication rules of CHF, we chose the most common syndrome “Qi deficiency, Blood stasis and Water and Dampness retention (QBWD).” Additionally, diagnosis of QBWD and CHF have been clarified by the latest guidelines and textbooks. To ensure enrollment accuracy, diagnoses and examinations will be done collaboratively by the principal investigators and their attending physicians. Additionally, the measures of double blinding and random grouping will be implemented to prevent bias. Patients' grouping results and medication numbers will be blinded by specially assigned personnel. Meanwhile, an XLF placebo will be produced, the appearance, taste and weight of which will be the same as the test drug, to ensure that neither researchers nor patients are aware of the drug properties. The above measures can guarantee the authenticity and reliability of the data collection and the evaluation of the results.

Heart failure can be divided into three types: HFrEF, HFpEF, and HFmrEF. Each type has different treatment plans. Xin-Li-Fang is a compound traditional Chinese medicine preparation. There are many effective ingredients in the preparation. Heart failure treatments may also have multiple targets and a complex mechanism. At present, according to our clinical observations, Xin-Li-Fang has three types of therapeutic effects. Therefore, we did not distinguish the types of heart failure in the overall design of the trial, but included them non-selectively to avoid overlooking more possibilities of Xin-Li-Fang in the field of heart failure treatment. However, we plan to conduct a subgroup analysis on patients with different types of heart failure to further explore whether Xin-Li-Fang has superior efficacy on patients with a certain type of heart failure.

In our clinical practice, it has been noted that Xin-Li-Fang has an effect on the stable and aggravating stages of CHF. The heart failure patients with NYHA Classification Stage I are not the object of our study because it is difficult to make significant differences in the efficacy indicators before and after treatment. At the same time, studies have shown that most patients have similar self-perceptions of their limitations, objective physical capabilities, and levels of natriuretic peptides between NYHA Classes I and II (24). This may be due to the substantial overlap in the basic characteristics of most mild heart failure patients which may mitigate the clinical relevance of these statistical group differences (25). Therefore, we hope to scientifically confirm that patients with heart failure in NYHA Classes II-IV are likely to benefit from Xin-Li-Fang treatment. To avoid the high likelihood of selection bias, patients with acute heart failure due to acute decompensation or other causes, acute exacerbation of chronic heart failure or unstable NYHA Class IV chronic heart failure were excluded in our exclusion criteria design. We did this to ensure that the baseline level of the included patients was as consistent as possible.

Heart failure is the end-stage manifestation of many heart (and non-heart) diseases. There are various primary diseases that may cause heart failure. In this study, we first established the inclusion and exclusion criteria to screen patients with cardiogenic heart failure. However, patients with cardiogenic heart failure also have many primary diseases which lead to heart failure, such as ischemic heart disease, hypertensive heart disease and arrhythmia. Our previous clinical observation of Xin-Li-Fang showed that Xin-Li-Fang is a compound traditional Chinese medicine preparation with a variety of effective components, and the treatment for heart failure may also be a multi-target and compound mechanism. It has been observed that Xin-Li-Fang may have an effect on heart failure caused by a variety of primary diseases. Therefore, the overall design of our trial did not stratify the primary cause of heart failure, but only focused on cardiogenic heart failure. We did this so that we would not overlook more possibilities of Xin-Li-Fang in the field of heart failure treatment. In subsequent trial analysis, we plan to conduct a subgroup analysis of different causes to further explore whether Xin-Li-Fang has a better effect on heart failure caused by certain primary diseases.

In our study, using a proportion of patients whose serum NT-proBNP had decreased by more than 30% was an innovative design. The serum NT-proBNP concentration in patients with heart failure is high, and this is influenced by renal clearance rate. Additionally, the basal NT-proBNP levels in heart failure patients with different ages and different NYHA classifications varies greatly. Thus, the individual differences in the serum NT-proBNP concentration in included patients are considerable. Based on the above characteristics of NT-proBNP, the baseline NT-proBNP of the patients included in the trial may range from several hundred to tens of thousands. If the decrease in NT-proBNP is directly used as an efficacy indicator for comparison between groups, there may be wide disparities between groups, baseline imbalance, and no comparability. However, patients with a higher NT-proBNP baseline may have a more significant reduction after Xin-Li-Fang intervention, which may lead to a large 95% confidence interval in the outcome indicators, thus preventing the scientific evaluation of Xin-Li-Fang's efficacy and safety.

In this study, the proportion of patients whose serum NT-proBNP decreased by more than 30% serves as the primary outcome. NT-proBNP is a cardiovascular neurohormone secreted by ventricular myocytes, which can be used for the diagnosis and differential diagnosis of HF, risk stratification, and prognosis evaluation (26). As the best biomarker in the laboratory, NT-proBNP is easy to measure, accurate and repeatable, and often used to evaluate the clinical efficacy of drugs (27). In addition, NT-proBNP is a sensitive marker for the diagnosis of heart failure, and its level is more than 450 ng/ml; the accuracy of determining patients with CHF can be as high as 96% (11). Guidelines recommend NT-proBNP levels as the most valuable and reliable biomarker for diagnosing heart failure (28). They are used in many diagnoses, risk classifications, and prognostic evaluation of CHF. Studies have shown that CHF-related death risk is positively correlated with NT-proBNP level (29). Additionally, a previous study has suggested that the prognosis of patients with NT-proBNP level decreasing by at least 30% from baseline after treatment is significantly better than that of patients with no significant change or increased NT-proBNP level (30). Therefore, we selected the proportion of patients with NT-proBNP that decreased by more than 30% in serum as the primary outcome for this study.

6MWT can reflect the cardiac function of patients from exercise tolerance. The method is simple, safe, easy to perform, and reproducible, and widely used in systematic reviews of the treatment of CHF with TCM (14, 31). Echocardiography plays a key role in the diagnosis and classification of CHF. Among the various echocardiography indicators, LVEF is the first choice for evaluating left ventricular systolic function (32). Moreover, left ventricular end systolic diameter (LVSDD), left ventricular end diastolic diameter (LVEDD) and inlet ventricular septal thickness (IVST) are the most common indicators for CHF systematic evaluation (32). Additionally, in the systematic evaluation of TCM treatment for CHF, TCM symptoms evaluation, the Minnesota Living with Heart Failure Questionnaire, and improvement of NYHA classification are often used as the evaluation criteria of clinical efficacy (32). Monitoring adverse events and adverse reactions are of great significance for evaluating drug efficacy and guiding clinical medication (33).

Regardless, several potential limitations of this study should be considered. Firstly, although we will recruit patients with “qi deficiency, blood stasis and water and dampness retention” syndrome, this Chinese medicine syndrome can dynamically change after the intervention. Thus, patients may take the XLF while the TCM syndrome is changing, and this will not be considered in our study. Secondly, sample size calculation in our study will be based on existing literature, and it should be recalculated after our pilot study. Thirdly, we will investigate the effect of XLF combined with conventional basic therapy in CHF patients, however the therapeutic effect of XLF alone will not be addressed.

In conclusion, this trial will provide high-quality evidence for XLF for CHF as a conjunctive therapy. Whether the results are neutral, negative, or positive, this trial will have clinical implications for patients with CHF.
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Background: The treatment of hypertensive nephropathy has remained unchanged for many years. Salvianolate is the main active component extracted from Salvia Miltiorrhiza. The current studies seem to suggest that salvianolate has a certain therapeutic effect on hypertensive nephropathy.
Objective: The purpose of this meta-analysis is to evaluate the effect and safety of salvianolate on hypertensive nephropathy under the condition of standardized use of valsartan.
Methods: We conducted a systematic search (unlimited initial date to 22 October 2022) in PubMed, Web of Science, the Cochrane Library, Embase, China National Knowledge Infrastructure, Wanfang Data knowledge service platform, China Science and Technology Journal Database, China Biomedical Literature Service System. Searching for the study of salvianolate on hypertensive nephropathy. Two reviewers independently included the study that met the inclusion criteria, and extracted data, evaluated the quality of the study. We use RevMan5.4 and stata15 software for this meta-analysis. We use GRADEprofiler 3.2.2 software for evidence quality assessment.
Results: This meta-analysis included seven studies (525 patients). Compared with the use of valsartan combined with conventional treatment, salvianolate combined with valsartan and conventional treatment can further improve the efficacy (RR = 1.28, 95%CI:1.17 to 1.39), reduce blood pressure [systolic blood pressure (MD = 8.98, 95%CI:−12.38 to −5.59); diastolic blood pressure (MD = 5.74, 95%CI:−7.20 to −4.29)], serum creatinine (MD = −17.32, 95%CI:−20.55 to −14.10), blood urea nitrogen (MD = −1.89, 95%CI:−3.76 to −0.01), urine microalbumin (MD = −23.90, 95%CI:−26.54 to −21.26), and urinary protein to creatinine ratio (MD = −1.92, 95%CI:−2.15 to −1.69), cystatin C (MD = −1.04, 95%CI: −1.63 to −0.45) and increase calcitonin gene-related peptide (MD = 18.68, 95%CI:12.89 to 24.46) without increasing adverse reactions (RR = 2.20, 95%CI:0.52 to 9.40). But it has no additional effect on endothelin-1 and malondialdehyde. The quality of evidence ranged from moderate to very low.
Conclusion: This meta-analysis shows that the salvianolate can further improve renal function of hypertensive nephropathy patients based on valsartan was used. Therefore, salvianolate can be used as a clinical supplement for hypertensive nephropathy. However, the quality of the evidence is not high due to the uneven quality of the included studies and the insufficient sample size, we still need a lot of large sample size studies with more perfect design to confirm these results.
Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022373256, identifier CRD42022373256
Keywords: salvianolate, hypertensive nephropathy, meta–analysis, valsartan, systematic review
1 INTRODUCTION
It is estimated that about 30% of the general population worldwide suffers from hypertension, and hypertensive nephropathy (HN) is considered one of the consequences of uncontrolled hypertension over a long period (Costantino et al., 2021). Blood pressure control remains suboptimal in the modern world, as 25% of hypertensive patients do not achieve ideal blood pressure targets, which results in numerous patients with HN (Whelton et al., 2018; Kao and Huang, 2021). Following diabetic nephropathy, HN is one of the most common causes of end-stage kidney disease and chronic kidney disease (CKD) (Udani et al., 2011). CKD and hypertension usually occur in concomitant circumstances, but it may be difficult to determine which disease developed first. (Seccia et al., 2017). It is well accepted that each component of the renal system can be affected by high blood pressure: the vessels, glomeruli, and tubulointerstitial tissues. The capillaries tuft damage that causes sclerosis and hyalinosis of kidney, as well as the renin-angiotensin system, have been studied for a long time (Costantino et al., 2021). Many studies have investigated the molecular mechanisms and other histological aspects of the pathophysiology of hypertensive nephropathy, including tubular cell damage that induces epithelial-interstitial transition and tubulointerstitial fibrosis (Bakin et al., 2002; Patel et al., 2005; Ruiz-Ortega et al., 2007). Additionally, proteinuria, dyslipidemia, and smoking are also high risk factors for HN (Jafar et al., 2003; Jo et al., 2020; Kuma and Kato, 2022). If kidney function is impaired, BP may be more difficult to control than in people without kidney disease (Wiederkehr et al., 2005). Moreover, HN patients have higher cardiovascular mortality and higher risk of cardiovascular disease, such as myocardial infarction and heart failure (Mann et al., 2001; Weiss et al., 2015; Khayyat-Kholghi et al., 2021). However, HN and end-stage kidney disease are predicted to continue growing in the coming decades, owing to aging, and increased survival rates from cardiovascular diseases (Williams et al., 2018). Current studies suggest that active control of BP and reduction of urinary protein (UP) are the main goals of the treatment of HN (Wiederkehr et al., 2005). Hoping to protect residual nephrons with antihypertensive drugs and delay the progression of renal damage (Ott and Schmieder, 2022). In terms of drug therapy, angiotensin-converting enzyme inhibitors/angiotensin II–receptor blockers (ARBs) were still the first-line medication to decrease the BP and UP (Wiederkehr et al., 2005). Beyond the current treatment, we are still interested in preserving renal function, which happens to be the function of many traditional Chinese medicines.
Salvia miltiorrhiza (DanShen) is a commonly used traditional Chinese herbal medicine. It has been first recorded in Shennong Herbal Classic, and was listed as the top grade (Pu et al., 2021). Salvia miltiorrhiza decoction pieces and many extracts have been proven to be effective for many diseases, especially cardiovascular and cerebrovascular diseases (Hao et al., 2021). Animal experimentations have confirmed that multiple extracts of DanShen have an anti-inflammatory effect in vivo and in vitro. This effect mainly by suppressing the release of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), IL-1β, and the expression of cyclooxygenase-2 and inducible nitric oxide synthase (Gao et al., 2017; Yuan et al., 2019). In addition, DanShen extracts can effectively ameliorate the renal clearance of mice (Gao et al., 2018), dose-dependently decreased UP, blood urea nitrogen (BUN), serum creatinine (Scr), plasma cholesterol, and triglycerides in rats. This can be attributable to the suppression of nuclear factor-κB and p38 mitogen-activated protein kinase signaling pathways by DanShen extract (Zhang H F et al., 2018). It can be seen that the anti-inflammatory effect of DanShen is one of the mechanisms of improving renal function. Otherwise, DanShen extracts can induce podocyte autophagy by inhibiting phosphatidylinositol 3-kinase/protein kinase B/mammalian target of a rapamycin signaling pathway to make renal function better and reduce pathological injury in mice with nephrotic syndrome (Chen et al., 2022), can also reduce BP in rats through inhibiting angiotensin-converting enzyme and relaxing vascular smooth muscle (Kang et al., 2002; Zhang X D et al., 2018). In clinical research, many studies have confirmed that salvianolate can lower BP and improve renal function-related indicators (Fu et al., 2012), significantly reduce Scr, BUN and 24-hour UP in CKD patinets (Zhang et al., 2022).
As previously mentioned, valsartan, as an ARBs, is currently recognized as a first-line medication for the HN (Unger et al., 2020). Salvianolate, in combination with valsartan, has been shown to have a positive effect on HN in numerous studies. As a result of salvianolate treatment, BP can be further reduced, renal function is improved, the inflammatory response can be inhibited, etc. However, the sample sizes included in the current studies were small, and there was not enough evidence to confirm the clinical effect of salvianolate. Therefore, we conducted an assessment about whether salvianolate is an effective complementary therapy for HN under the premise of valsartan-included conventional treatment by a meta-analysis.
2 METHODS
We have registered this system review and published the protocol on International Prospective Register of Systematic Reviews (PROSPERO) before we started retrieval studies, and we have completed this systematic review in accordance with this protocol. The registration number is CRD42022373256.
2.1 Literature search
We performed a systematic search (unlimited initial date to 22 October 2022) in the following databases: PubMed, the Cochrane Library, Embase, Web of Science, China National Knowledge Infrastructure (CNKI), Wanfang Data knowledge service platform (Wanfang Data), China Science and Technology Journal Database (VIP), and China Biomedical Literature Service System (SinoMed). The search strategy we used in the English database was Salvia* AND hypertens* AND (renal OR nephropathy OR kidney), and in the Chinese database was danshenduofen AND gaoxueya AND (shenbing OR shensunhai OR shenzangbing OR shenzangsunhai) (Supplementary Tables S1, S2). The retrieval scope was all fields included MeSH and Emtree. There was a restriction on the retrieval language to Chinese and English.
2.2 Study selection
Two authors (QX and YS) independently included or excluded the retrieved literature according to the following criteria.
Included studies must met each of the following inclusion criteria: 1) The patients included in the study met the accepted diagnostic criteria for HN, such as those specified in clinical guidelines, World Health Organization criteria, authoritative works, and clinical medical textbooks; 2) The study was a published clinical randomized controlled study; 3) The intervention factors of treatment group included salvianolate and valsartan with combined with conventional treatment which refers to other treatment for NH and treatment for patients’ original diseases in accordance with medical principles; 4) The intervention factors of control group included valsartan combined with conventional treatment; 5) The duration of treatment did not exceed 2 weeks according to the drug instructions of salvianolate injection; 6) The outcomes of the study reported included one or more of BP, renal function (Scr, BUN, urine microalbumin, Cystatin C, Urine protein to creatinine ratio), inflammatory factors (TNF-α, hypersensitive C-reactive protein and IL-6), oxidative stress indicators (malondialdehyde, glutathione peroxidase, and superoxide dismutase), factors affecting vasodilatory state (endothelin-1 and calcitonin gene-related peptide), clinical efficacy, and adverse reactions. BP, renal function and clinical efficacy were the primary outcomes. The other outcomes were the secondary outcomes. Clinical efficacy refers to whether the patient’s condition is improved judged by researcher according to the clinical performance. It is effective if the condition is improved, otherwise it is invalid.
Studies that meet any of the following criteria will be excluded: 1) The design of the study was seriously flawed; 2) Sufficient valid data could not be secured; 3) All data was published repeatedly.
2.3 Quality assessment
Two authors (QX and JZ) independently assessed the degree of bias risk of methodological of included studies with the RavMan5.4 software from the Cochrane Collaboration. A consultation was conducted when there was a disagreement between the two assessments. If there was still a disagreement, the third author (JS) will make the final decision.
2.4 Data extraction
Two authors (QX and YS) independently extracted data from each study according to excel spreadsheet designed in advance based on our research proposal. The data extracted included name of authors, publication year, condition of grouping, basic information about the sample (size, age, gender, etc.,), course of disease, intervention methods, and outcome indicators. A third reviewer (JS) was included for arbitration purposes. We contacted the corresponding author for confirmation when the data in the study was unclear, not detailed, or some studies were duplicated.
2.5 Statistical analysis
The risk ratio was selected as the effect quantity of the dichotomous variables, the standard mean difference or mean difference as the effect quantity of the continuous variables (Quinn et al., 2021). The synthesis will be displayed by forest plot. The interval estimation was expressed using 95% confidence intervals (95%CI), and set the significance level as p <0.05 (Xu M et al., 2017). We used the chi-square test based on Cochran’s Q test and I2 statistic to assess the heterogeneity of the studies. Based on the severity of the heterogeneity, I2≥50% is generally considered indicative of large heterogeneity, a random effect model was selected, and heterogeneity analysis is required (Xu Q et al., 2017). Otherwise, a fixed effect model was sued for data synthesis (Xu M et al., 2017). The publication bias was analyzed and evaluated by egger’s test (Xu Q et al., 2017). The sensitivity analysis was conducted by the one-by-one elimination method and was used to evaluate the robustness of the meta-analysis results (Crocerossa et al., 2021). When there were multiple CKD stages (According to Kidney Disease Outcomes Quality Initiative/DOQI) in one data synthesis, and at least one CKD stage contains two or more studies, a subgroup analysis based on CKD stage would be performed. The forest plot and heterogeneity analysis were performed by using RevMan (Version 5.4.1, The Cochrane Collaboration, 2020), egger’s test and sensitivity analysis were analyzed by using Stata 15.0 (Stata Corp, College Station, TX, United States).
2.6 Evidence quality assessment
Two authors (QX and YS) independently evaluated the quality of each result from five aspects of risk of bias, inconsistency, indirectness, imprecision, and publication bias by GRADEprofiler 3.2.2 software according to GRADE Handbook (Guyatt et al., 2008). Four different levels of evidence quality may be obtained through assessment: high, moderate, low and, very low (Guyatt et al., 2008). If there are differences in the evaluation process, they should be resolved through negotiation. If the negotiation cannot be resolved, the third author should make the final decision.
3 RESULTS
3.1 Search results and study characteristics
We retrieved 518 studies from both Chinese and English databases, and finally included seven randomized controlled trials (Wang et al., 2015; Wang J, 2015; Wang et al., 2016; Ding, 2017; Wang et al., 2017; Liu, 2018; Wang, 2018) for systematic review and meta-analysis (Figure 1). These studies, published between 2015 and 2018, were all from China and included a total of 535 patients, of whom 266 were in the treatment group. Two studies (Wang et al., 2015; Wang et al., 2016) may be different parts of the same study, and we calculated the sample size and the outcome only once. The same outcome indicators were subject to newly published articles of these two studies. We tried to contact the author of both two studies via email, but there was no response. The characteristics of included studies were summarized in Table 1.
[image: Figure 1]FIGURE 1 | Flow diagram of literature screening.
TABLE 1 | Characteristics of included studies.
[image: Table 1]3.2 Risk of bias in included studies
Among all the studies, six studies (Wang et al., 2015; Wang J, 2015; Wang et al., 2016; Ding, 2017; Liu, 2018; Wang, 2018) explicitly reported randomization, but the randomization method did not explicitly indicate hiding. None of the studies used blinding for researchers and patients. All studies did not adopt blinding of outcome assessment, but the system reviewer judged that the outcome measurement did not be affected by the unblinded method. Therefore, the project of blinding the outcome evaluators is low risk. All studies reported complete outcome data without selective reporting. Part of the data of two studies (Wang et al., 2015; Wang et al., 2016) were identical, which belongs to repeated publication bias. The specific quality assessment was shown in Figure 2.
[image: Figure 2]FIGURE 2 | Risk of bias graph (A). Risk of bias summary (B).
3.3 Outcome measures
3.3.1 Clinical efficacy
Five studies (Wang et al., 2016; Ding, 2017; Wang et al., 2017; Liu, 2018; Wang, 2018) (445 patients) evaluated clinical efficiency. There was no heterogeneity in the studies (I2 = 0.00%, p = 0.955), fixed effect model analysis showed that compared with valsartan-included conventional treatment group, the clinical efficacy of the group of salvianolate with valsartan-included conventional treatment was better (RR = 1.28, 95%CI:1.17 to 1.39, Z = 5.66, p <0.00001) (Figure 3). The subgroup analysis was performed based on the stage of CKD, and the included studies were divided into group stage I-II, group stage III-IV, and group of unclear stage. Subgroup analysis found no difference between the subgroups (Test for subgroup differences: I2 = 0%, p = 0.73) (Figure 3).
[image: Figure 3]FIGURE 3 | Forest plot for subgroup analysis of clinical efficacy between the treatment group and control group.
3.3.2 Blood pressure
There were four studies (Wang J, 2015; Wang et al., 2016; Ding, 2017; Wang et al., 2017) (336 patients) that measured BP, both systolic and diastolic. For systolic BP(SBP), Due to the significant heterogeneity (I2 = 63%, p = 0.04), the random effects model was chosen, and the forest plots showed that compared with control group, SBP of the treatment group decreased more significantly (MD = 8.98, 95%CI:−12.38 to −5.59, Z = 5.19, p <0.00001) (Figure 4A). No significant heterogeneity was found in the data synthesis of diastolic blood pressure (I2 = 18%, p = 0.30). Fixed effect model analysis showed that salvianolate combined with the valsartan-included western medicine group had a more obvious DBP reduction (MD = 5.74, 95%CI:−7.20 to −4.29, Z = 7.73, p <0.00001) (Figure 4B). No publication bias was found by egger’s test for diastolic blood pressure (t = −0.57, p = 0.623) (Supplementary Figure S1). In subgroup analyses based on the stage of CKD, there were differences in SBP reduction between subgroups (Test for subgroup differences: I2 = 75.1%, p = 0.02), heterogeneity within subgroups (CKD III-IV) disappeared (I2 = 0%, p = 0.67), and DBP reduction between subgroups did not differ (Test for subgroup differences: I2 = 45.3%, p = 0.16) (Figures 4A, B).
[image: Figure 4]FIGURE 4 | Forest plot for subgroup analyse of systolic blood pressure between the treatment group and control group (A). Forest plot for subgroup analyse of diastolic blood pressure between the treatment group and control group (B).
3.3.3 Renal function
3.3.3.1 Serum creatinine
A total of six studies (Wang J, 2015; Wang et al., 2016; Ding, 2017; Wang et al., 2017; Liu, 2018; Wang, 2018) (495 patients) reported Scr values. There was no obvious heterogeneity among the six studies, according to heterogeneity analysis (I2 = 35%, p = 0.18). Fixed effects model analysis showed that salvianolate combined with the valsartan group had a better effect on reducing Scr (MD = −17.32, 95%CI:−20.55 to −14.10, Z = 10.52, p <0.00001) (Figure 5A). Differences among the subgroup were found by subgroup analysis based on CKD stage (Test for subgroup differences: I2 = 54.6%, p = 0.11), but differences mainly occurred in the unclear CKD stage group, and the heterogeneity increased in this group, while the heterogeneity of CKD III-IV group disappeared (I2 = 0%, p = 0.90) (Figure 5A).
[image: Figure 5]FIGURE 5 | Forest plot for subgroup analyse of serum creatinine between the treatment group and control group (A). (B) Forest plot for blood urea nitrogen between the treatment group and control group (B). (C) Forest plot for urine microalbumin between the treatment group and control group (C).
3.3.3.2 Blood urea nitrogen
After an analysis of two studies (Wang J, 2015; Wang, 2018) (183 patients) that reported BUN, significant heterogeneity was found between studies (I2 = 92%, p = 0.0004), and a random effect model analysis showed that compared with the valsartan group, salvianolate combined with valsartan could better reduce BUN (MD = −1.89, 95%CI:−3.76 to −0.01, Z = 1.97, p = 0.05) (Figure 5B).
3.3.3.3 Urine microalbumin (UMAlb)
There were two studies (Wang J, 2015; Wang, 2018) (183 patients) that reported UMAlb. There was no heterogeneity in these two studies (I2 = 0%, p = 0.93), then a data synthesis by a fixed effect model showed that the decrease of UMAlb was more obvious in the salvia miltiorrhiza polyphenol acid group (MD = −23.90, 95%CI:−26.54 to −21.26, Z = 17.72, p <0.00001) (Figure 5C).
3.3.3.4 Urine protein to creatinine ratio (UPCR)
Four of the included studies (Wang et al., 2016; Ding, 2017; Wang et al., 2017; Liu, 2018) (352 patients) showed the value of UPCR. No heterogeneity was found between these four included studies (I2 = 0%, p = 0.99). Data synthesis and subgroup analysis by fixed effect models showed that patients who used salvianolate had a more significant reduction in UPCR than those who did not use salvianolate (MD = −1.92, 95%CI:−2.15 to −1.69, Z = 15.91, p <0.00001), and there was no difference among subgroups based on the stage of CKD (I2 = 0%, p = 0.95) (Figure 6A).
[image: Figure 6]FIGURE 6 | Forest plot for urine protein to creatinine ratio between the treatment group and control group (A). Forest plot for subgroup analyse of Cystatin C between the treatment group and control group (B).
3.3.3.5 Cystatin C (Cys-C)
A total of five studies (Wang J, 2015; Wang et al., 2016; Ding, 2017; Wang et al., 2017; Liu, 2018) (442 patients) reported Cys-C values. Due to the significant heterogeneity among the studies involved in data synthesis (I2 = 96%, p <0.00001), so a random effect model was selected for processing the data. The analysis showed that salvianolate combined with the valsartan group had a better effect on reducing Cys-C (MD = −1.04, 95%CI:−1.63 to −0.45, Z = 3.43, p <0.0006) (Figure 6B). Egger’s test found no publication bias (t = −0.57, p = 0.623) (Supplementary Figure S2). The subgroup analysis based on the CKD stage found no difference among the subgroups (Test for subgroup differences: I2 = 0%, p = 0.65), but the heterogeneity of CKD III-IV group disappeared (I2 = 0%, p = 0.93), while the heterogeneity increased in unclear CKD stage group (I2 = 99%, p = 0.00001), and the MD value of this subgroup becomes no longer statistically significant (MD = −0.72, 95%CI:−2.05 to 0.61, Z = 1.06, p = 0.29) (Figure 6B).
3.3.4 Vasodilation regulated factors
In the seven included studies, endothelin-1 and calcitonin gene-related peptide has been reported two or more times, and data can be synthesized.
3.3.4.1 Endothelin-1 (ET-1)
There was significant heterogeneity among three studies (Wang et al., 2015; Wang J, 2015; Wang, 2018) (273 patients) which reported ET-1 (I2 = 99%, p <0.00001). The egger’s test suggested that there was no publication bias (t = −1.35, p = 0.407) (Supplementary Figure S3). Random effects model was used for data synthesis, and the results showed no significant difference in the influence of the two groups on ET-1 (MD = −44.29, 95%CI: −92.48 to 3.89, Z = 1.80, p = 0.07) (Figure 7A).
[image: Figure 7]FIGURE 7 | Forest plot for Endothelin-1 between the treatment group and control group Figure (A). Forest plot for calcitonin gene-related peptide between the treatment group and control group (B).
3.3.4.2 Calcitonin gene-related peptide (CGRP)
CGRP values were reported in two studies (Wang et al., 2015; Wang J, 2015) and no heterogeneity between the two studies (I2 = 0%, p = 0.90). The fixed effect model analysis showed that CGRP increased more significantly in patients used salvianolate (MD = 18.68, 95%CI:12.89 to 24.46, Z = 6.32, p <0.00001) (Figure 7B).
3.3.5 Oxidative stress indicators
Among the included studies, three studies reported oxidative stress indicators, including glutathione peroxidase, malondialdehyde (MDA), nicotinamide adenine dinucleotide phosphate oxidase, and reactive oxygen species, among which MDA was reported in two studies (Wang et al., 2015; Wang J, 2015) and other indicators were reported only once. Data synthesis was conducted for the studies that reported MDA. The random effect model analysis showed that the difference between the two groups in the impact on MDA was no statistically significant (MD = −1.78, 95%CI: −4.75 to 1.19, Z = 1.17, p = 0.24) (Figure 8).
[image: Figure 8]FIGURE 8 | Forest plot for malondialdehyde between the treatment group and control group.
3.3.6 Inflammatory factor
One study (Wang, 2018) out of seven included studies reported the effects on inflammatory factors, which did not meet the requirements for data synthesis. This study (Wang, 2018) has shown that salvianolate can significantly reduce the levels of inflammatory factors (IL-6 and TNF-α) in HN patients.
3.3.7 Adverse reactions
Only 2 of 7 the included studies (Wang et al., 2016; Wang et al., 2017) reported adverse reactions that occurred during the study, including dizziness and headache, which were transient discomfort and did not affect the treatment. No heterogeneity was found in the data synthesis of adverse reactions (I2 = 0%, p = 0.82). Fixed effects model analysis showed that the difference between the two groups on adverse reactions was no statistical significance (RR = 2.20, 95%CI:0.52 to 9.40, Z = 1.06, p = 0.29) (Figure 9).
[image: Figure 9]FIGURE 9 | Forest plot for adverse reactions between the treatment group and control group.
3.4 Publication bias
We conducted egger’s test for the studies that reported SBP, Cys-C, and ET-1 to analyze publication bias. Meta-analysis of these indicators showed significant heterogeneity among studies, and each meta-analysis included more than two studies. No publication bias was found in all three egger’s tests (Supplementary Figures S1–S3).
3.5 Sensitivity analysis
Sensitivity analysis was conducted by eliminating the included methods one by one to observe whether there were significant changes in the results to evaluate whether the results of our meta-analysis were robust (Table 2; Supplementary Figures S4–S10). As shown in the figures and table, the results of meta-analyses are robust. Excluding any studies, the overall trend of data synthesis has not changed, except for the ET-1 results of Wang’s study (Wang, 2018). Except for the Cys-C results of Wang’s study (Wang L, 2015) and the SBP result of Wang’s study (Wang L, 2015), the heterogeneity of other results did not change with the elimination of any study.
TABLE 2 | Sensitivity analyses for Clinical Efficacy,SBP,DBP,Scr, UPCR,Cys-C,ET-1.
[image: Table 2]3.6 Evidence quality
We used the GRADE evidence quality rating to evaluate the evidence quality of the results of this meta-analysis. Among them, the quality of evidence of the effect of salvianolate on Scr in patients with hypertensive nephropathy is moderate; The clinical efficacy, adverse reactions, DBP, UMAlb, Cys-C, UPCR, and CGRP were low quality evidence; The quality of evidence on the impact of SBP, BUN, ET-1, and MDA was very low (Table 3).
TABLE 3 | Evidence quality of the outcomes of HN patients treated with salvianolate.
[image: Table 3]4 DISCUSSION
This systematic review included a total of 7 randomized controlled studies with 535 participants and is the first to specifically and comprehensively analyze the effect of salvianolate on the treatment of HN on the basis of standardized use of ARB drugs. This meta-analysis suggests that compared with valsartan alone combined with conventional western medicine, the addition of salvianolate can further improve the overall clinical efficacy, more effective in reducing BP, decrease Scr, BUN, UMAlb, UPCR, Cys-C, further increase of CGRP, no additional effect on ET-1, and MDA, no additional adverse reactions.
Controlling BP by various means is still an effective strategy to delay the progression of HN (Member of Chinese expert consensus group on diagnosis and treatment of hypertensive nephropathy, 2022). Lowering BP significantly delay the decline of GFR in CKD patients (Lee et al., 2021). The results of our meta-analysis are similar to those of previous studies, suggested that salvianolate can effectively reduce BP. Yang and Tang’s studies (Yang et al., 2012; Tang et al., 2020) have shown that salvianolate and other salvia miltiorrhiza extract can assist in the treatment of hypertension and further reduce systolic and DBP on the basis of the original treatment. Meng’s study (Meng et al., 2014) confirmed that salvianolate can inhibit arteriosclerosis in rats, which is the basis of HN (Udani et al., 2011; Dong et al., 2021). Salvianolate can inhibit microvascular remodeling and intimal hyperplasia caused by hypertension (Teng, 2015; Zhao, 2018), thereby reducing microvascular remodeling, target organ damage, and slow down the progress of HN. Although there was heterogeneity in the synthesis of SBP, we considered that the heterogeneity is related to the differences in CKD stages of patients included in various studies, the disappearance of heterogeneity after subgroup analysis confirms this conjecture, and the sensitivity analysis indicates that the results are robust. Based on the current results, we believe that salvianolate can be used to assist in controlling the BP of HN patients.
During the diagnosis and treatment of HN, various indicators of renal function are the top priority of the monitored items. Glomerular filtration rate (GFR), Scr, BUN, UP, Cys-C, etc., are all such indicators. Albuminuria is an early manifestation of CKD, and the presence of elevated creatinine or decreased glomerular filtration rate indicates that nephron loss has occurred (Levey et al., 2022). So controll UP is one of the main goals of HN treatment (Member of Chinese expert consensus group on diagnosis and treatment of hypertensive nephropathy, 2022). From our meta-analysis, we can see that the addition of salvianolate on the basis of valsartan can further reduce Scr, BUN, UMAlb, UPCR, and Cys-C. A systematic review analysis also points out that salvianolate can reduce Scr, BUN, UP, Cys-C, etc., of CKD, without obvious adverse reactions (Zhang et al., 2022). Therefore, salvianolate can improve the renal function of HN patients. However, in subgroup analysis of Cys-C, the result of unclear CKD stages subgroup suggested that salvianolate can not further reduce Cys-C. This is different from the overall result. We could not find convincing reasons for this, and the huge heterogeneity between the two studies does not have a confirmed source. We speculate that this may be related to the difference in age, CKD staging and other aspects between the patients included in the two studies, because neither of the two studies described the CKD stage, Wang’s article did not describe the patient’s age. But this conjecture cannot be confirmed at present. Therefore, the evidence quality of this result was reduced, and further research is needed to confirm it. The specific mechanism of salvianolate improving renal function still needs further study. Some studies have confirmed that salvianolate can reduce the apoptosis of renal podocytes (Liang et al., 2021). Others have found that salvianolate can inhibit the apoptosis of ischemic kidney cells by activating the kelch-like erythroid cell-derived protein with cap ‘N’ collar homology-associated protein 1-nuclear factor erythroid 2-related factor 2-antioxidant response element (Keap1-Nrf2-ARE) signal pathway (Sun et al., 2022). These may be the mechanism of salvianolate to improve renal function, but more in-depth research is still needed.
Oxidative stress and inflammatory reaction are the key factors in the process of renal damage caused by hypertension, and they can promote each other (Crowley, 2014). Therefore, antioxidant stress and anti-inflammatory reaction may be the key to delay the progress of HN. Previous studies have also confirmed that salvianolate can increase plasma CGRP (Hong et al., 2002; Versmissen et al., 2019), which agrees with meta-analysis. In addition, many studies have confirmed that salvia miltiorrhiza polyphenolic acid salt can reduce oxidative stress reaction. For example, salvia miltiorrhiza polyphenolate can increase the activity of superoxide dismutase and thioredoxin, reduce the content of MDA and active oxygen, can inhibit inducible nitric oxide synthase, and increase the activity of thioredoxin (Han et al., 2011; Fei et al., 2013; Zhang, 2017; Tang et al., 2020). The above effects may be related to the down-regulation of Smad2/3 and transforming growth factors beta 1 expression, increase of B-cell lymphoma 2/ B-cell lymphoma 2-Associated X ratio, and activation of Keap1-Nrf2-ARE signal pathway by salvianolate (Udani et al., 2011; Fei et al., 2013; Qiu et al., 2018; Sun et al., 2022). The change of MDA in our meta-analysis result is not significantly reduced as shown in previous studies, but has a downward trend and no statistical significance. However, as there are only two studies included, the heterogeneity between the studies is high, and no source of heterogeneity was found finally, so it is necessary to be cautious to take this as evidence. The role of salvianolic acid salt on oxidative stress still needs more research to enrich the evidence.
Hypertension can lead to the increase of vasoconstrictors (such as ET-1) and the decrease of vasodilators (such as nitric oxide), further leading to the increase of renal vascular resistance and promoting renal vascular remodeling, which is also one of the mechanisms of hypertension leading to kidney disease (Xu M et al., 2017; Versmissen et al., 2019). The effect of salvianolate on reducing ET-1 has been reported in many studies, and these studies show that salvianolate can inhibit vascular intima hyperplasia and remodeling (Xu et al., 2001; Wang L, 2015; Zhao, 2018; Zhu et al., 2020). But in our meta-analysis, it seems that after the use of valsartan, adding salvianolate has no additional effect on reducing ET-1. We can not deny that salvianolate has the effect of reducing ET-1, because valsartan has the effect of significantly reducing ET-1 (Mitchell et al., 2006; Li et al., 2010), so this effect of salvianolate may be masked by the effect of valsartan. The three studies included in the analysis had high heterogeneity, but no publication bias. The sensitivity analysis suggested that the heterogeneity came from Wang’s study (Wang, 2018), and the meta-analysis results changed significantly after excluding this study, suggesting that salvianolate could significantly reduce ET-1, so we considered that the meta-analysis results were not robust, and we need to treat this result with caution before there are more reliable data to confirm.
According to our meta-analysis, the effect of salvianolate on HN is definite, especially in improving renal function. Even if valsartan has been used, it can still further improve renal function without increasing adverse reactions. We graded the quality of evidence of our results using the GRADE approach. In the evaluation of evidence quality, only Scr is moderate, and others are in low and very low quality, which indicates that the overall quality of evidence of this meta-analysis is not high. The main reasons for the degradation of the quality of evidence are inadequate allocation concealment, missing of blinding of participants and personnel and insufficient sample size (Table 3). At the same time, we noted that the current studies in this field are all about short-term injection used in hospitalized patients without follow-up, so it is unclear how long the curative effect of salvianolate can last and whether it is only a short-term temporary effect. Therefore, we believe that based on this meta-analysis, there is sufficient evidence to support the clinical use of salvianolate to further improve renal function and further control BP in HN patients, especially in reducing Scr, and it can be safely used in patients with CKD1-4. Future research about salvianolate and HN should focus on high-quality long-term curative effect observation, to determine whether salvianolic acid salt can effectively delay the progress of kidney disease. High quality mainly requires attention to the use of allocation concealment, blinding and sufficient sample size. In addition, to clarify the relevant mechanism through basic research, so as to make further research on the vasodilation and on the inhibitory effect of oxidative stress of salvianolate in hypertensive nephropathy.
5 LIMITATIONS
Some limitations remain with this meta-analysis. First, although we developed a detailed search strategy, due to language limitations, we only searched in English and Chinese, and all included studies are in Chinese. As a result, we cannot guarantee an absence of language bias. Secondly, the overall quality of the included studies is not very high. All the studies did not accurately describe whether to use blinding, which undoubtedly increased the risk of performance bias. Some of the included studies do not clearly define the renal function stage of patients, so our subgroup analysis can only be conducted for the CKD III-IV stage. Fourth, the meta-analysis of CGRP and MDA showed significant heterogeneity, and the subgroup results of Cys-C were inconsistent. But we have not found convincing concrete reasons. It may be related to the sample size, course of the disease, CKD stage, etc., but the number of studies is insufficient, and the data provided by the study is limited, so we failed to conduct further analysis to find out the reason. Fifth, HN is a chronic disease, but all the studies we include do not carry out long-term follow-up and do not evaluate the long-term effect. Sixth, the results of this meta-analysis, as evidence, are generally of low quality. Finally, although several studies have been included, the overall sample size is still insufficient in this meta-analysis, and there are no relevant clinical studies after 2018 after the retrieval. Therefore, more new and large sample clinical studies are needed to provide data support.
6 CONCLUSION
As discussed in this meta-analysis, patients with HN can still benefit from salvianolate even if they have been treated regularly with valsartan. Salvianolate can still further improve efficacy, reduce BP and improve renal function, but the effectiveness of this treatment in further reducing oxidative stress and improving endothelial function needs to be confirmed. At the same time, we need to see that the quality of evidence of other results is very low except for Scr. In general, salvianolate can be used as an auxiliary treatment drug for HN, but further randomized controlled trials with large sample sizes, multi-centers, and double-blinding are needed to provide more reliable and accurate data to assess the efficacy of salvianolate for HN.
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Background: Heart failure (HF) is a syndrome with global clinical and socioeconomic burden worldwide owing to its poor prognosis. Jiashen Prescription (JSP), a traditional Chinese medicine (TCM) formula, exhibits unambiguous effects on treating HF. Previously, we have reported that underlying mechanisms of JSP by an untargeted metabolomics approach, but the contribution of gut microbiota and metabolic interaction to the cardioprotective efficacy of JSP remains to be elucidated.

Materials and methods: Firstly, the rat model of heart failure was established by the permanent ligation of the left anterior descending coronary artery. The efficacy evaluation of JSP in treating HF rats was per-formed by left ventricular ejection fraction (LVEF). Then, 16S rRNA gene sequencing and LC/MS-based metabolomic analysis were utilized to explore the characteristics of cecal-contents microecology and plasma metabolic profile, respectively. After that, the correlation between intestinal micro-ecological characteristics and plasma metabolic characteristics was analyzed to explore the potential mechanism of the JSP treatment in HF.

Results: JSP could improve the cardiac function of heart failure rats and thus ameliorate heart failure via enhancing rat LVEF. Results of intestinal flora analysis revealed that JSP not only adjusted gut microbiota disturbances by enriching species diversity, reducing the abundance of pathogenic bacteria (such as Allobaculum, Brevinema), as well as increasing the abundance of beneficial bacteria (such as Lactobacillus, Lachnospiraceae_NK4A136_group), but also improved metabolic disorders by reversing metabolite plasma levels to normality. Through the conjoint analysis of 8 metabolites and the OTUs relative abundance data in the 16srRNA sequencing results by WGCNA method, 215 floras significantly related to the eight compounds were identified. The results of the correlation analysis demonstrated a significant association between intestinal microbiota and plasma metabolic profile, especially the significant correlation of Ruminococcaceae_UCG-014 and Protoporphyrin IX, Ruminococcaceae_UCG-005, Christensenellaceae_R-7_group and nicotinamide, dihydrofolic acid.

Conclusion: The present study illustrated the underlying mechanism of JSP to treat heart failure by affecting intestinal flora and plasma metabolites, provide a potential therapeutic strategy against heart failure.

KEYWORDS
heart failure, jiashen prescription, intestinal microbiota, plasma metabolomics, weighted gene co-expression network analysis (WGCNA)


Introduction

Heart failure (HF) is a chronic progressive disease (1), which is a complex group of clinical signs of impaired ventricular filling or ejection capacity due to any structural or functional abnormality of the heart. It is the end-stage manifestation of various cardiovascular diseases (CVDs), which bring high prevalence and mortality and threaten human health (2). Thus, discovering novel mechanisms of HF and identifying potential therapeutic targets are extremely important ways of preventing heart failure. Recently, several studies indicated that the intestine microbiota can influence the cell and organ functions of the host and multiple mechanisms and pathways of diseases (3). Among them, several studies have shown that intestinal microbes may affect the cardiovascular system, and the concept of the “intestine–heart axis” has been gradually applied to explore the treatment of CVD and heart failure (4, 5).

The intestinal microbiome transmits information to the distant organs of the host through various biochemical signals and metabolites. In actuality, the intestinal microbiome can affect the cardiovascular system. First, some studies found that the flora of intestine microbiota in patients with heart failure decreased significantly (6). This may lead to an imbalance between beneficial and harmful microorganisms. The former can produce many beneficial metabolites, such as short-chain fatty acids, while the latter may bring a large number of harmful metabolites, such as primary bile acid and trimethylamine oxide (TMAO) (7). These metabolites can directly or indirectly affect the heart after entering the circulatory system. Then, heart failure can lead to structural and functional abnormalities of the heart, which result in decreased cardiac output and tissue perfusion. In turn, it allows bacteria and lipopolysaccharide to translocate into systemic circulation, which induces the inflammation and accelerates the development of heart failure (8). Therefore, through the study of intestinal microbiota, it is helpful to study the therapeutic mechanism of drugs for heart failure or cardiovascular disease from the perspective of the intestine–heart axis. It was proposed that treatment with Lactobacillus rhamnosus GR-1 as a probiotic could delay the development of heart failure after coronary artery occlusion in rats (9). Methanogens can treat CVD by reducing plasma levels of TMAO (10). Phenaceglutamide, a metabolite of intestinal microbiome negatively correlated with pulse wave velocity and systolic blood pressure, could also be a potential therapeutic target (11).

Jiashen prescription (JSP) is a clinical prescription used for treating heart failure, which is established under the guidance of the theoretical thought of traditional Chinese medicine (TCM). It is mainly prepared from several Chinese medicinal materials, including Astragali Radix, Salviae Miltiorrhizae Radix et Rhizoma, Periplocae Cortex, Notoginseng Radix et Rhizoma, Leonuri Herba, Citri Reticulatae Pericarpium, Cinnamomi Ramulus, and Descurainiae Semen Lepidii Semen (12). Previous chemical studies showed that there were at least 68 chemical compounds identified from JSP, mainly including phenolic acids, tanshinones, flavonoids and their glycosides, cardiac glycosides, triterpene saponins, and C21 steroids (13). From the perspective of modern pharmacological effects, this prescription has the effects of improving heart hemodynamics, enhancing heart function, inhibiting activation of renin–angiotensin, diuresis, and inhibiting ventricular remodeling in animals with heart failure (14). However, TCM has the characteristics of multi-components and multi-targets. When taking Chinese medicine orally, the most of active ingredients in TCM cannot directly enter the blood system to exert their effects but may be directly or indirectly metabolized by the intestinal microbiome and then enter the blood system to achieve the therapeutic effect on diseases (15).

Thus, intestinal microflora has become a new and important frontier in the understanding of TCM (16). At present, studies have shown the influence of intestinal microbiota on the metabolism of bioactive ingredients of TCM (17). Not only polysaccharides (18) but also some macromolecular saponins, terpenes, and alkaloids have been effectively transformed by intestinal microbiome. Then, bioavailability and therapeutic activity are increased as well (19). In the treatment of chronic syndrome and glycolipid metabolic diseases, which still are global health problems, TCM has its unique advantages (20, 21). One of the main therapeutic mechanisms is to increase the relative abundance of beneficial bacteria by improving the intestinal environment (22).

Evidently, in this study, the rat model of heart failure was used to investigate the treatment effect of JSP, which was established by the ligation of the left anterior descending coronary artery (LAD) (23). In the previous study of our research group, Miao et al. found that JSP improved the cardiac function of heart failure rats and thus ameliorated heart failure via enhancing rat LVEF and LVFS and decreasing LVIDd, LVIDs, IVSd, and IVSs. Based on the biochemical analysis and histopathological examination, it was found that JSP could reduce the markers levels of heart failure and myocardial damage that included serum lactate dehydrogenase (LDH) activity and the level of NT-pro BNP and inhibit myocardial fibrosis (24). In this study, we collected and sequenced the intestinal contents of rats in each treatment group in the previous study. For this purpose, the blood metabolites of rats in different treatment groups were analyzed and screened by the fuzzy C-means clustering method. Then weighted correlation network analysis was used to jointly analyze these metabolites and 16S rRNA high-throughput sequencing data of intestinal microbiome in each treatment group, to find metabolites that may be related to the JSP treatment effect and their significantly related intestinal microorganisms, to clarify the mechanism of JSP treatment through the “intestine–heart axis”.



Materials and methods


Experimental reagents

Jiashen prescription was produced by Tasly Pharmaceutical Group Co., Ltd., Tianjin, China. Captopril (CPT) was purchased from Shanghai Pharmaceutical Group Corp., (Shanghai, China). DNA extraction kits were purchased from Macherey-Nagel (Düren, German), and HPLC-grade methanol and acetonitrile were obtained from Merck (Darmstadt, Germany). Formic acid and 2-chlorophenylalanine were bought from Thermo Fisher Scientific (MA, USA).



Animals and experimental protocols

All experiments were in accordance with the guidelines for laboratory animal care and use, and the procedures were approved by the Research Ethical Committee of Guangdong Pharmaceutical University (Guangzhou, China). A total of 46 SPF (SD) rats (license NO. SCXK (yue) 2018–0002), weighing from 180 to 220 g, were purchased from the Guangdong Medical Laboratory Animal Center (Guangzhou, China). The animals were housed at 20–25°C, 40–70% humidity and 12 h dark/light cycle conditions with free access to a standard chow diet, and tap water ad libitum. All rats were exposed to an ‘adaptive feeding' paradigm for a week before the start of experiments.

The experiment included four groups (n = 6 per group), namely Control group, Model group, JSP group, and CPT (Captopril) group. In the control group (n = 6), the rats were subjected to the same surgeries except for the ligation. Heart failure symptoms were induced by carrying out ligation of the left anterior descending coronary artery of the rats as previously reported (25), and the chronic congestive heart failure model was established after 4 weeks of operation and normal feeding. The left ventricular ejection fraction (LVEF) of HF rats was < 60%, and it has been considered that the chronic HF rat models were successfully established (26). JSP and CPT were orally administered to the rats at 3 and 0.05 g/kg/day, which was selected based on their human equivalent dose used in clinical practice. In the previous research in our laboratory, this dose of JSP had been used to prove the efficacy of JSP (24).

In total, 40 rats underwent LAD ligation to establish a heart failure model. Among the 40 rats, eight rats died during the operation and the other eight rats did not meet the criteria of chronic heart failure after the operation; the success rate of the heart failure model rats was 60%. Therefore, 18 rats (n = 18) with similar body weight were randomly divided into three groups as follows: (1) HF group, the rats received LAD ligation to induce HF, (2) JSP group, a dose of 3 g/kg/day JSP was given the corresponding drugs by gavage for 4 weeks, and (3) CPT group, a dose of 0.05 g/kg/day captopril was gavage to rats for 4 weeks, and the normal and model groups were fed the same volume of saline via intragastric administration. Echocardiographic studies were performed during the adaption week, before treatment, and after treatment. LVEF was calculated to assess left ventricular systolic function and cardiac function.



Sample collection

At the end of the experiment, all rats were anesthetized with sodium pentobarbital. Blood was taken from the main abdominal vein into a plasma separator tube, and the samples were centrifuged at 4,000 rpm for 30 min at 4°C. The samples were stored at −80°C until use. The entire intestines were dissected with a sterile scalpel, and the contents of the intestines were collected with sterile lyophilized tubes (100–200 mg/tube). Fresh stool samples from each group were immediately frozen in a liquid nitrogen tank and then stored at −80°C.



DNA extraction and 16S rRNA sequencing

According to the instructions of the MN NucleoSpin 96 Soi DNA extraction kit, the total genomic DNA was extracted from the samples. 16S rRNA sequencing was performed at the Beijing BMC Biotech Co., Ltd., (Beijing, China). The V3–V4 region of 16S rRNA genes was analyzed. The specific primers 338F (5'-ACTCCTACGGGAGGCAGCAG-3') and 806 R (5'-GGACTACHVGGGTWTCTAAT-3') with the barcodes were applied to amplify the 16S rRNA genes. The PCR mixture contains 5 μl of the purified product of PCR of the target region, MPPI-a of 2.5 μl, MPPI-b of 2.5 μl, and 2 × Q5 HF MM of 10 μl. The PCR products were monitored with 1.8% agarose gel, purified using the OMEGA DNA purification column, and then sequenced on an Illumina Miseq PE 3,000 platform.



Non-targeted metabolomic analysis

Blood samples were centrifuged at 4,000 rpm for 30 min at 4°C to obtain plasma samples. An aliquot of the plasma sample (100 μl) was mixed with 300 μl of methanol containing 1 ppm of 2-chlorophenylalanine, vortexed for 2 min, and incubated at −20°C for 30 min. The mixture was centrifu, ged at 12,000 rpm for 10 min at 4°C, and the supernatant was obtained for further analysis.

Sample extracts were analyzed using an LC–QTOF–MS/MS. The analytical conditions for the system were as follows: an Aglient 1,290 ultra-high performance liquid chromatography (UPLC) (Agilent Technologies, Inc., USA) connected to an Aglient 6,545 quadrupole time-of-flight (QTOF) mass spectrometer. The chromatographic separation was achieved on an ACQUITY UPLC HSS T3 C18 column (1.8 μm, 2.1 × 100 mm) at 40°C using a mobile phase of 0.1% formic acid (A) and acetonitrile (B). Elution gradients used were as follows: 0–11 min, 95% A; 11–12 min, 10% A; 12–12.1 min, 10% A; and 12.2–14 min, 95% A. The flow rate was 0.40 ml/min and the injection volume was 2 μl. The mass spectrometry was performed in positive and negative ion modes. The parameters of the heated electrospray ionization method were as follows: sheath flow rate of 11 L/min, gas flow rate of 8 L/min, spray voltage of 250 V, positive and negative ionization, fragmentation voltage of 135 V, gas temperature of 325°C, sheath temperature of 325°C, and nebulizer pressure of 40 psi.



Bioinformatic analysis and statistical analysis

The raw data were quality filtered using Trimmomatic (Version 0.33) (27), the primer sequences were identified and removed using Cutadapt (Version 1.9.1), followed by double-ended reads splicing and chimeric UCHIME (Version 8.1) removal using USEARCH (Version 10.0) (28), resulting in high-quality sequences for subsequent analysis. The sequences were clustered at a 97% similarity level (default) using USEARCH. Operational taxonomic units (OTUs) were filtered by default with a threshold of 0.005% of the number of all sequences sequenced. Raw data were uploaded to NCBI (ID: SUB12078416). The OTU sequences were obtained by splicing the filtered sequencing data with Qiime 2 software, and the abundance of each OTU was calculated and normalized for alpha analysis. Beta analysis was performed using the “FactoMineR” package in R software (Version 4.2.0), and a linear discriminant analysis was performed using the “lefseR” package (alpha analysis was performed using GraphPadPrism9 for statistical analysis and graphing, and linear discriminant analysis (linear discriminant analysis effect size, LEfSe) was performed using Mothur software and LEfSe software for detecting species differences between groups). Species with linear discriminant analysis (LDA) values >4 were considered to have statistically significant differences between groups.

Statistical analysis was performed in R. First, partial least squares discriminant (PLS-DA) analysis was performed using the “mixOmics” package and the “ropls” package, and model substitution tests were performed to screen out metabolites with intra-group differences from the metabolite summary table. The metabolites with RSD of ≤ 10% were subjected to Mfuzz clustering analysis (29). The subsequent analysis was mainly carried out around the metabolite clusters whose contents were shown trend of first rising and then falling or first falling and then rising in Control, Model and JSP group. These metabolites could be potential biomarkers for the treatment of heart failure.



Weighted gene co-expression network analysis (WGCNA)

Operational taxonomic units (OTUs) of the intestinal microbiome were divided into modules by using weighted gene co-expression network analysis (WGCNA), then correlated with the metabolome to find metabolites and microbes that performed key functions, identified potential mechanisms involved in specific biological processes, and explored candidate biomarkers (30).




Results


Establishment of chronic heart failure model in SD rats

After the model rats created by the left anterior descending coronary artery ligation for 4 weeks, the left ventricular of them were dilated and contractility was diminished. Rats showed symptoms of heart failure, such as hair and weight loss, feces rarefaction, reduction in activities, accidie, and extrados. The heart samples of each group were obtained by dissection, and the appearance is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 Representative images of the gross appearance of rat hearts.


The left ventricular ejection fraction (LVEF) of the control group, the model group, and the JSP gastric perfusion group are shown in Table 1. Before being treated with given JSP and CPT, the LVEF of rats in the model group was significantly lower than that in the control group but there was no significant difference among rats in the model group, the JSP group, and the CPT group. After giving JSP and CPT to treatment groups for 4 weeks, the LVEF of rats in the model group was not changed significantly compared to the data from 4 weeks ago, but those in JSP and CPT were higher than that before. The LVEF of the JSP group and the CPT group had no significant difference but were significantly higher than that of the model group. Therefore, as can be seen from this indicator, both JSP and CPT had a good effect on heart failure. Then, the intestinal contents of each treatment group rat were obtained on a sterile bench to study their intestinal microbiome.


TABLE 1 The LVEF of rats in different groups (mean ± SD, n = 6).
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Diversity analysis of intestinal microbiome

After extracting the DNA from the intestinal microbiome of the rats in each treatment group, their 16S rRNA sequence data were determined by high-throughput sequencing. After filtering and splicing these sequencing data, the sequence and abundance of 889 OTUs were obtained. The normalized abundance of OTUs was used to perform intestinal microbiota diversity analysis. In the alpha diversity-related indicators shown in Figures 2A, B, the Chao1 index and Shannon index were not significantly different (P > 0.05) in the species richness and evenness of each group. The between-group variability analysis of the four diversity indexes is detailed in Supplementary Table 1. It can be seen that there was no significant difference in the diversity of gut microbiota species between HF rats and normal rats.


[image: Figure 2]
FIGURE 2
 The structure of the intestinal microbiome in the control, model, and JSP groups. (A, B) Shannon and Chao1 indices of α diversity. (C, D) Analysis of β diversity of intestinal microbiome in each group's rats. PCoA analysis of intestinal microbiome based on the OTU data of the control, model, and JPS groups. Each point represents a sample. A clear separation is observed between the samples of control (n = 6), model (n = 6), and JPS (n = 6) groups. (E, F) Percentage of total bacteria presented at phyla and genus levels, respectively.


The results of the β diversity analysis (Figures 2C, D), based on the principal coordinate analysis of relative abundance (PCoA), showed that the community structures of intestinal microbiome were different among the control group, the model group, and the JSP group. According to the PERMANOVA analysis, the variance contributions to the difference in the bacterial structure were 10.09 and 24.98%. The intestinal microbiome structures of rats in each treatment group were significantly different, and the Pr-value (>F) was < 0.001.

The phylum-level species of gut microbes in this study are shown in Figure 2E. The largest average proportion of each bacterial community is Firmicutes, which accounts for 40–60%. Compared with the control group, the Bacteroidetes proportion was decreased in the model group and then increased in the JSP group. However, the proportion of Proteobacteria in the same treatment showed the opposite trend of change.

The genus-level species of gut microbes in this study are shown in Figure 2F. Compared with the control group and the JSP group, the proportions of Prevotella_9, Lactobacillus, and Lachnospiraceae_NK4A136_group were decreased in the model group, whereas the proportion of Allobaculum in the model group was increased compared to that in the control and the model groups.



Analysis of intestinal microbiome differences

Linear discriminant analysis effect size (LEfSe) was used to identify similar and dominant microbial species in the gut of rats in each treatment group. Compared with the control group, the abundance of Proteobacteria and their derivatives taxa were significantly higher in the model group (Figure 3A). The intestinal microorganisms of rats in the JSP group were rich in Bacteroides and their derivative taxa, including Bacteroidia, Bacteroidales, Prevotella, and Alloprevotella (Figure 3B). In addition, the results of LEfSe also indicated that the floras of Proteobacteria, Erysipelotrichia, and Gammaproteobacteria were key to the isolation of the model group from the other two groups (Figure 3C). The relative abundances of key differentiated bacterial genes in different groups are summarized in Figure 3D.


[image: Figure 3]
FIGURE 3
 LEfSe analysis for the gut microbiota alterations in different groups. (A, B) Microbial signatures for the model vs. control groups and JSP vs. model groups, respectively. (C) Overall gut microbiota community with different abundances. (D) Identified gut microbes with significant differences between groups. Data are shown as the means ± SEM (n = 6). Different lowercase letters indicated in the figure depict significant between-group variation (P < 0.05).




Determination of rat plasma metabolites and their function

Diseases and drugs often affect the intestinal microbiome, causing changes in their metabolites, which enter the bloodstream through the intestines and have a positive or negative effect on the host's physiology. Therefore, metabolomic analysis of plasma samples from rats of different treatment groups was performed by high-performance liquid chromatography-mass spectrometry (HPLC-MS) in this study. There were 6,565 and 9,203 peaks in total that were identified in negative and positive ion modes, respectively. Next, the peaks were clustered using partial least squares discriminant analysis (PLS-DA) to obtain more reliable metabolites with significant differences between treatment groups and to further test the validity of the method.

The results showed that the plasma metabolism data clusters under different treatments were separated from each other, indicating the presence of many different potential biomarkers (Figures 4A, B). The interpreted and validated values for the differences in the model were R2X = 0.374, R2Y = 0.999, Q2Y = 0.879 (control group vs. model group) and R2X = 0.325, R2Y = 0.990, Q2Y = 0.837 (control group vs. JSP group) in negative ion mode, and R2X = 0.362, R2Y = 0.999, Q2Y = 0.877 (control group vs. model group) and R2X = 0.304, R2Y = 0.993, Q2Y = 0.835 (control group vs. JSP group) in positive ion mode. This indicated that the model adequately explains the source of differences between the samples in each treatment group.


[image: Figure 4]
FIGURE 4
 The significant changes in plasma metabolic profiles in HF and treated rats. (A, B) Plots of PLS-DA scores of all peak features in positive and negative ion mode from the untargeted metabolomics analysis of plasma samples of the rats in control vs. model and model vs. JSP, respectively. (C) Clustering diagram of relative abundance patterns of the plasma metabolites based on the Mfuzz algorithm.


Many metabolites were identified by analyzing the peaks on the tandem mass spectrometry, combining the accurate relative molecular weight, and obtaining the structural information from the compound structure database. Based on the analysis method of fuzzy C-means clustering, we carried out the clustering analysis of metabolites whose relative average deviation within the selected group was < 10%. Therefore, these metabolites were clustered into six groups. The change trends of metabolite content in the same clusters were similar in different treatment groups. But there were significant differences in change trends among different cluster groups. As shown in Figure 4C, in Cluster 1, there was no change between control and model groups but was significantly increased in the JSP group. In Cluster 2, the metabolite content was the lowest in the model group. On the contrary, the metabolite content in Clusters 3 and 6 was the highest in the model group. The metabolite content of Clusters 4 and 5 also showed the opposite trend, which was gradually decreasing and gradually increasing in the control, model, and JSP groups, respectively.

Based on the trend of these metabolite content, we speculated that the metabolites in Clusters 2, 3, and 6 were involved in improving the physiological process of heart failure. Therefore, the function of metabolites in these three clusters was performed by metabolic pathway enrichment analysis. Based on ConsensusPathDB (http://ConsensusPathDB.org) analysis, these metabolites were enriched in the following pathways: heme biosynthesis from uroporphyrinogen-III, heme biosynthesis II, pyrimidine deoxyribonucleotides biosynthesis I, M phase, degradation of cysteine and homocysteine heme biosynthesis, cell cycle, metabolism of nucleotides, metabolism of vitamins and cofactors, interconversion of nucleotide di- and triphosphates, sulfur amino acid metabolism, tryptophan metabolism, ferroptosis, and inflammatory mediator regulation of TRP channels (Table 2). At the same time, eight key metabolites were obtained, including ferrous ion (C14818), protoporphyrin IX (C01079), dihydrofolic acid (C00415), deoxyuridine-5'-triphosphate (C00460), nicotinamide (C00153), 3-mercapto-2-oxopropionic acid (C00957), propionylcarnitine (C03017), acyclovir (C06810), and their contents in the control and JSP groups were higher than that in model group. There are seven metabolites that were reduced in the control and JSP groups: kynurenic acid (C01717), reduced L-glutathione (C00051), 5-hydroxyindolepyruvate (C05646), 2-oxohexanedioic acid (C00322), 1-stearoyl-2-hydroxy-sn- glycero-3-phosphoethanolamine (C21484), cinnamaldehyde (C00903), and icilin (C20171) (Table 2).


TABLE 2 Metabolic pathway of plasma metabolite enrichment in groups 2, 3, and 6.
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Intestinal microbiome combined with key metabolites WGCNA analysis

In this study, the WGCNA package in R software was used to construct a co-expression network. From the results of 16S rRNA sequencing of the intestinal microbiota of 16 rats, 483 OTUs with average relative abundance >1 and genus-level information were selected to construct the co-expression network. The data obtained earlier were used to construct the scale-free network. First, the adjacency matrix was calculated based on the expression value matrix, and then the topological overlap matrix reflected the similarity of the common expressions was derived. Based on the scale-free topology with R2 = 0.85, the Pearson correlation matrix of the 16S rRNA region OTUs was transformed into a strengthened adjacency matrix according to the power of r = 11 and r = 6, respectively. Then, the topological overlap matrix was used for hierarchical clustering to draw clustering trees that could jointly characterize the overall distribution of similarity. Finally, the generated clustering trees were cut by the dynamic cut tree algorithm. In this process, OTUs with high similarity in the common expression were clustered into the same branch, and different branches of the clustering tree represented different modules, each of which was assigned a specific color (Figures 5A–C). After constructing the co-expression network, 13 co-expression modules were obtained for intestinal bacterial OTUs (Table 3). Among them, the MEturquoise module had the highest number of OTUs with 128, while the MEtan module had the lowest number of OTUs with 13.


[image: Figure 5]
FIGURE 5
 WGCNA analysis of the intestinal microbiome co-expression network based on the relative abundance of OTUs. (A) Relative abundance correlation heat map of intestinal microbiome OTUs. (B) Connectivity and cluster analysis of OTUs' relative abundance in a different module, and the heatmap of connectivity of them. (C) Clustering dendrogram of OTUs, with dissimilarity based on the topological overlap, together with assigned module colors. The clustered branches represent different modules, and each line represents one OTU.



TABLE 3 Number of OTUs in each module.

[image: Table 3]

The results of the correlation analysis of metabolite content and the relative abundance of OTUs in Clusters 2, 3, and 6 are shown in Figures 6A, B, respectively. Evidently, as shown in Figure 6A, the content of C01079 and C00415 had significant positive correlations with MEblack and MEpurple modules, respectively. The content of C00415 and C00153 had significant negative correlations with MEturquoise and MEgreenyellow modules, respectively. As shown in Figure 6B, the content of C01717, C00051, and C21484 had significant positive correlations with MEturquoise and MEgreenyellow modules, respectively. The content of C01717 and C20171 had significant negative correlations with MEpink and MEpurple, respectively. The OTUs in the five modules were separately constructed as correlation networks, and the results are shown in Figure 6C. The number in each ball was the ID number of the OTU, as detailed in Supplementary Table 1.


[image: Figure 6]
FIGURE 6
 (A, B) Associations of different color modules and plasma metabolite from Clusters 2, 3, and 6. In the heatmap, each row corresponds to a module eigengene (ME) and each column to a trait. Each cell contains the corresponding correlation and p-value. The tables were color-coded by correlation according to the color legend. (C) Weighted correlation network of OTUs in five ME modules, including MEturquoise, MEgreenyellow, MEblack, MEpink, and MEpurple.


As shown in Figure 7, the heat map was constructed by the mean relative abundance of key flora OTUs identified from WGCNA analysis, in which the family and genus information of these OTUs are classified, as shown in Figure 7. Overall, these bacteria were mainly distributed in six families, which were Ruminococcaceae, Chritensenellaceae, Erysipelotrichaceae, Akkermansiaceae, Clostridiaceae-1 and Lachnospiraceae (Figure 7). After correlation analysis of seven key metabolites and identified OTUs (Supplementary Figures 2, 3), it was found that OTU1637, OTU2744, OTU404, OTU5887, and OTU597 at Ruminococcaceae_UCG-014 genus, and had a significantly positive correlation with C01079 content. C00153 and C00415 contents had a significantly negative correlation with OTU2536, OTU4547, OTU6344, OTU915, OTU1568, OTU1063, OTU159, OTU369, OTU374, OTU394, OTU465, and OTU549, which belonged to Ruminococcaceae_UCG-005, Christensenellaceae_R-7_group, and Erysipelotrichaceae. However, C21484 content had a significantly positive correlation with OTU1568, OTU2536, OTU4547, OTU6344, OTU374, OTU394, OTU465, OTU549, OTU159, and OTU369 at the three genera mentioned above. C01717 content had a significantly positive correlation with OTU177, OTU3344, OTU406, and OTU5849 which belonged to Ruminococcaceae (Supplementary Table 1).


[image: Figure 7]
FIGURE 7
 The heatmap of intestinal microbiome OTUs related to selected plasma metabolites from Clusters 2, 3, and 6.





Discussion

Mounting pieces of evidence have revealed an association between microbial composition and their metabolites in HF. Recent studies had focused on HF with changes in intestinal microbiome structure but ignored its connection with microbial metabolites. Thus, a systematic investigation of the relevance between the intestinal microbiome and its metabolites is greatly warranted. We valued the changing intestinal microbiome and potential metabolites associated with the development and prognosis of HF. Through clustering and metabolite pathway analysis, 15 metabolites with clear physiological functions were identified in the control, the heart failure model, and the JSP treatment group, using the pathways of biosynthesis from uroporphyrinogen-III, biosynthesis II, pyrimidine deoxyribonucleotides biosynthesis I, degradation of cysteine and homocysteine, metabolism of nucleotides, and metabolism of vitamins and cofactors. After combinedly analyzing the contents of these metabolites and the intestinal microorganism OTUs by WGCNA, 116 bacteria that were significantly related to the content change of these metabolites were identified. These associations highlighted potential interactions of microbe and metabolites, which helped to further reveal the effect process by JSP in vivo during the development and prognosis of HF.

There are no significant differences in intestinal microbial diversity among Control, Model, and JSP groups. We have identified some bacteria altered by JSP treatment through LEfSe analysis, such as Erysipelotrichia, Anaplasma, and Gammaproteobacteria. It was found that they were the key differentiators that distinguished the model group from the control and the JSP treatment groups (Figure 3D). The changes in the abundance or ratio of several bacteria could indicate whether the intestinal microbiome was in disorder. For instance, the ratio of Firmicutes to Bacteroides (F/B) was an important indicator of intestinal microbiome disorder (31). Compared with healthy people, F/B in the intestinal microbiome of patients with hypertension and heart failure was increased (32).

Among them, the bacteria of Erysipelotrichia under Firmicutes had the function of increasing the permeability of the intestinal mucosa and mediating the inflammatory response (33). In this study, JSP may repair the intestinal barrier by inhibiting the F/B ratio to promote HF prognosis. Some bacteria contained in Lachnospiraceae_NK4A136_group (34, 35), Alloprevotella (36), and Roseburia (37, 38) could produce some short-chain fatty acids in the host intestine to regulate colon movement, immune maintenance, and anti-inflammatory, which may be related to protection from the host's stress reaction, and increased continuously in the prognosis of HF. It was shown that serum TMAO levels were positively associated with an increased abundance of Ruminococcaceae_UCG_005 and Christensenellaceae_R-7_group (39). TMAO is a molecular metabolite derived from the gut microbiota, which may directly affect the heart by inducing myocardial hypertrophy and fibrosis, endothelial cell and vascular inflammation, as well as cardiac mitochondrial dysfunction, thereby aggravating the progress of HF (40–42). Prevotella-9 was negatively correlated with cardiac ejection fraction in rats with spontaneous hypertensive HF (43). In this study, we found that the abundance of several bacteria in Prevotella-9 increased after JSP treatment. We speculated that its function was related to improving the ejection fraction, but the specific mechanism was not clear.

To identify plasma metabolites in response to JSP gavage, we attempted to analyze the changes in the content of these metabolites in different treatment groups using fuzzy c-means clustering. Three change clustering modes that respond to JSP processing have been selected, namely Clusters 2, 3, and 6 (Figure 4C). Through the functional analysis of metabolites in these groups, seven metabolites were found, which were distributed in six pathways related to the development and prognosis of HF (Table 1). First, protoporphyrin IX (C01079) is the intermediate product of heme biosynthesis, which is a key metabolite used to bind oxygen and oxidize the guanidine nitrogen of L-arginine to form nitric oxide (NO), playing a role as a vasodilator, as well as the citrulline under the action of nitric oxide synthase (44). The anti-inflammatory carbon monoxide and bilirubin are produced by processes of heme metabolism, which further enhances the anti-inflammatory effect and ultimately relieves atherosclerosis (45). Heme is also an important component of antioxidant functional proteins and enzymes in cardiomyocytes (46). Heme has been shown to be protective against myocardial fibrosis and oxidative stress through inducting of heme oxygenase 1 and the activation of the phosphatidylinositol 3-kinase/AKT signaling pathway (47). In this study, there were 10 bacteria that were significantly related to protoporphyrin IX, which belong to Ruminococcaceae_UCG-014, Ruminiclostridium_6, Fournierella, Eubacterium xylanophilum_group, Roseburia, and Desulfovibrio. These bacteria may participate in the synthesis of protoporphyrin IX and indirectly affect the change of heme content under the influence of JSP, which could enhance the antioxidant function of myocardial cells, reduce the inflammatory reaction, and ultimately improve the effectiveness of heart failure (Figure 8).


[image: Figure 8]
FIGURE 8
 JSP modified heart failure by the effect on the intestinal microbiome and metabolites in the blood.


Then, in the metabolism pathway of vitamins and cofactors, nicotinamide (C00153) is the precursor of nicotinamide adenine dinucleotide (NAD), which is participated in the wide range of reactions, including regulation of cellular redox status, energy metabolism, and mitochondrial biogenesis (48). In several models of heart failure, myocardial NAD levels have been depressed disturbed mitochondrial function remodeled metabolism, and occurred inflammation. The emerging evidence has suggested that regulating NAD homeostasis by NAD precursor supplementation has therapeutic efficiency in improving myocardial bioenergetics and function (49). Under JSP treatment, the abundance of microbiota under 57 genera in rat intestines, including Ruminococcaceae_UCG-005, Christensenellaceae_R-7_group, Akkermansia, and Bacteroides, was significantly correlated with nicotinamide. These bacteria may directly or indirectly participate in the synthesis of nicotinamide so that it could achieve the purpose of alleviating heart failure symptoms (Figure 8). Dihydrofolate (C00415) is an intermediate for the conversion of folic acid to tetrahydrofolic acid, which is a member of the B-vitamin family, and is essential for amino acid metabolism (50). Folic acid and its active metabolite 5-methyl tetrahydrofolate improved nitric oxide (NO) bioavailability by increasing endothelial NO synthase coupling and NO production as well as by directly scavenging superoxide radicals. By improving NO bioavailability, folic acid may protect or improve endothelial function, thereby preventing or reversing the progression of CVD in those with overt disease or elevated CVD risk (51). After JSP gavage treatment, it was found that the abundance of 57 bacteria distributed in 29 families and 40 genera in the intestinal microbiome of rats was significantly correlated with the dihydrofolate content in plasma (Figure 8).

Dihydrofolate (C00415) and nicotinamide (C00153) are vitamin B derivatives, which are closely related to a variety of intestinal microbiomes (52, 53) and the development process of heart failure. In these intestinal microflorae related to dihydrofolate (C00415), the secondary metabolites produced by the degradation of Ruminococcaceae_UCG-014 need to be degraded by Bacteroidetes (54). As the main component of human and animal intestinal microflora, the normal growth of these bacteria depended on porphyrins, including protoporphyrin IX or heme with iron (55) (Figure 8).

Kynurenine (C01717), a metabolite of the L-tryptophan pathway, may mediate immunomodulation, oxidant defense, and apoptosis (56), which are considered pathogenic features in the development of heart failure, and has been shown to predict cardiovascular events (57, 58). Similarly, PE (18:0/0:0) (C21484) participated in the process of lipid peroxidation (LPO) in the pathway of ferroptosis. LPO which is one of their metabolites is involved in immune responses and cell deaths (58, 59). Kynurenine and PE (18:0/0:0) were significantly correlated with the abundance of 10 and 49 species of bacteria, respectively, in this research. It is speculated that these bacteria may, under the influence of JSP, regulate these two metabolites' contents directly or indirectly to alleviate the course of cardiovascular disease and increase the antioxidant capacity of cardiovascular cells (Figure 8).

Results of intestinal microbiome analysis revealed that JSP not only adjusted gut microbiota disturbances by enriching species diversity, reducing the abundance of pathogenic bacteria, such as Allobaculum, and Brevinema, as well as increasing the abundance of beneficial bacteria, including Lactobacillus, and Lachnospiraceae_NK4A136_group but also improved metabolic disorders by reversing metabolite plasma levels to normality. The results of the correlation analysis demonstrated a significant association between intestinal microbiota and plasma metabolic profile. The key relationships in our research would illustrate the underlying mechanism of JSP to treat heart failure by affecting intestinal microbiome and plasma metabolites as well as provide evidence for the interpretation of the mechanism in HF. But the physiological mechanism of these bacteria with the potential function of improving heart failure and how to regulate these endogenous metabolites are still unclear. In the future, we will conduct in-depth research on the function of these intestinal microbiomes to further improve the mechanism of JSP in treating heart failure.
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Background and aims: This study aimed to explore the risk factors of malnutrition in patients with heart failure and construct a novel nomogram model.



Methods and results: A cross-sectional study based on the STROBE checklist. Patients with heart failure from July 2020 to August 2021 were included. Patients were divided into a malnutrition group and a normal nutrition group based on the Society's recommended AND-ASPEN standard. Logistic regression was used to analyze the independent risk factors for malnutrition. A new prediction model of nomogram was constructed based on the risk factors, and its fit and prediction performance were evaluated. Of 433 patients, 66 (15.2%) had malnutrition and 367 (84.8%) had normal nutrition, Logistic regression analyses showed that the risk factors for malnutrition were total protein, hemoglobin, triglyceride, and glucose levels. The regression model based on the above four variables showed an area under the curve of 0.858. The novel nomogram model had a sensitivity of 78.5% and a specificity of 77.3%. After 2000 bootstrap resampling iterations, AUC was 0.852.



Conclusions: The novel nomogram model can predict the odds of malnutrition in patients with heart failure at the early stage of admission, and can provide a reference for nursing staff to optimize nutritional care for inpatient with heart failure and to develop a discharge nutritional care plan.
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Highlights


	•This is the first study to construct a novel nomogram model for predicting the odds of malnutrition among patients with heart failure in China.

	•Total protein, hemoglobin, triglyceride, and glucose are independent risk factors for malnutrition in patients with heart failure.

	•The model has a good fitting effect and discriminatory ability.

	•The nomogram model can help clinicians and nurses to predict the odds of malnutrition in patients with heart failure admitted to hospital, and it is helpful to optimize nursing strategies.





Introduction

Heart failure (HF) is considered an epidemic today, with more than 64 million cases of HF worldwide (1). The prevalence of HF is expected to increase by 46% by 2030 (2). In addition, patients with HF are characterized by high readmission and mortality rates (3, 4).

Malnutrition is a disease in which the intake of various nutrients is insufficient or imbalanced, leading to a decrease in body function and a deterioration in clinical outcomes (5). Malnutrition and severe alteration of the protein components of the body (protein disarrangements) are common conditions in patients with HF. A meta-analysis showed that the prevalence of malnutrition in patients with HF ranged from 16 to 90% (6). HF related malnutrition may be caused by the following mechanisms: low nutritional in-take due to intestinal edema and anorexia (7), hepatic dysfunction (8), cytokine-induced hyper catabolism (9), and insulin resistance(10).

Disease-related malnutrition significantly increases medical costs, and its importance in the course of the disease remains underappreciated (11). The malnutrition status in patients with HF is undoubtedly related to the quality of life, risk of re-hospitalization, prolonged hospitalization, complications, and increased risk of death during in-patient treatment (12, 13). Studies have confirmed that malnutrition is independently correlated with heart dysfunction, disease progression, and mortality, and it can lead to a series of negative consequences (14). Okoshi et al. found that malnourished hospitalized patients with HF had a worse prognosis than patients with normal nutritional status, and that malnutrition was significantly associated with increased readmission and mortality (15). In addition, malnutrition may also be a driver of disease progression as part of a vicious cycle associated with cytokine activation, autonomic dysfunction, and cachexia, leading patients with HF into enter a vicious cycle of malnutrition-inflammatory response-cachexia (16, 17). The most severe form of malnutrition in patients with HF is cardiac cachexia, a state of catabolic failure associated with inflammation and neurohormonal activation that can severely reduce the survival rate of patients with HF, and once a patient enters the cardiac cachexia stage, it is difficult to reverse the disease process even with treatments such as nutritional support (18, 19). Malnutrition also imposes a significant financial burden on patients with HF and health care organizations. Studies have shown that the average cost to the health care system for patients with HF diagnosed with malnutrition is twice than that of non-malnourished patients (20).

Malnutrition is a modifiable risk factor that clinicians and caregivers can act on (21). As the primary manager of nutritional care for patients with HF in the early stages of hospital admission, early identification of risks associated with malnutrition and interventions are critical. In addition, nutritional interventions can improve cardiopulmonary function and quality of life in patients with HF, thereby reducing mortality and risk of readmission (22). Therefore, early nutritional assessment, identification of malnutrition risk, and implementation of interventions are key components to prevent disease progression and improve poor outcomes in patients with HF.

Nutritional assessment to determine the nutritional status or nutritional risk of patients with heart failure is the first step in nutritional management. Current guidelines recommend timely assessment of the nutritional status of patients with HF (23). This study identifies malnutrition and normal nutrition patients for this study based on the definition of malnutrition by the Academy of Nutrition and the American Society for Parenteral and Enteral Nutrition, and on the AND-ASPEN criteria recommended by the Academy (24). Some studies have shown that this criterion is valid compared to with the subjective global assessment (SGA) (25). However, currently, the importance of on nutritional risk in patients with HF is often ignored. In fact, it is believed that malnutrition is currently underdiagnosed and therefore undertreated, resulting in a high prevalence of malnutrition in patients with HF. Early detection of metabolic abnormalities in malnutrition individuals with HF may have important public health implications. A first systematic review of blood biomarkers of malnutrition in adults found that some blood biochemical markers, such as hemoglobin, and total cholesterol, are useful biomarkers of malnutrition in adults (26). However, there are few studies on screening for nutritional risk in patients with HF, and specific tools are lacking. Therefore, it is important to explore a clinically applicable tool to predict the odds of malnutrition in patients with HF.

Medical nomogram prediction models are used to describe a statistical prognostic model using biological and clinical variables, which allow the model to be presented in a graphical manner (27). The nomogram-based clinical prediction model can help clinical healthcare professionals to calculate the odds of adverse risk for each patient conveniently, quickly, and efficiently, to better adapt to the cumbersome clinical environment, and to facilitate clinical dissemination and application (28–30). Therefore, this study aimed to construct a nomogram-based malnutrition risk prediction model by analyzing the factors influencing malnutrition in patients with HF to provide clinicians and caregivers with a malnutrition screening tool for patients with HF to help develop medical care plans and optimize care strategies.



Methods


Subjects and design

The study was a single-center cross-sectional study. Our cases were from patients who admitted to the department of cardiology in a hospital in Shandong, China from July 2020 to August 2021.

The inclusion criteria were as follows: (1) being older than 18 years, (2) HF was diagnosed according to the recommendations of the Chinese guidelines for the diagnosis and treatment of HF (31), (3) Patients with heart failure in NYHA class II-IV. The exclusion criteria were as follows: (1) severe chronic liver or kidney disease, (2) autoimmune or chronic inflammatory disease, (3) severe cognitive impairment such as Alzheimer's disease and psychiatric disorders, (4) Patients with acute heart failure due to other causes such as acute myocardial infarction.



Data collection

In this study, the purpose of the study and informed consent were explained to patients at the time of admission, and basic patient information was collected by questionnaire within 24 h after admission, while the first clinical laboratory indexes were collected in the hospital electronic case system, including (1) basic conditions: age, gender, New York Heart Association (NYHA), BMI; (2) disease conditions: heart rate, etiology of HF, the Charlson comorbidity index (CCI); (3) laboratory tests: serum albumin, glucose, NT-proBNP, serum sodium, hemoglobin, cholesterol, lymphocyte count, etc.; (4) ancillary tests: electrocardiogram, echocardiogram. All data were entered by 2 researchers, and the data set was validated and cleaned to prevent any further changes before statistical analysis was performed.

This study complied with the Declaration of Helsinki and was approved by the research ethics committee of hospital. Informed consent was obtained from all the participants prior to any study-related activities.



Definitions and criteria of related indicators

Body mass index (BMI) was calculated for all patients, defined as the body mass (in kilograms) divided by the square of the body height (in meters) (32).

Charlson Comorbidity Index (CCI), a weighted index that explains the presence of 17 co-morbidities (33).



Outcome

This study identifies malnutrition patients based on the AND-ASPEN criteria recommended by the Society, which include energy intake, weight loss, and physical findings from a nutrition focused physical examination (NFPE). We defined nutritionally normal as patients who did not meet the criteria for moderate or severe malnutrition, and malnutrition patients as those who met the criteria for moderate or severe malnutrition.



Data analysis

All the statistical analyses were performed using IBM SPSS/WIN version 26.0 and R 4.1.1. Measures conforming to a normal distribution were expressed as [mean ± SD], and group comparisons were made using Independent Student's t-test; Measures that did not conform to a normal distribution were expressed as median [M (P25, P75)], and the Mann-Whitney U test was used for comparison between groups; categorical data are expressed as [n (%)], The chi-square test was used to compare proportions between groups.

The tolerance and variance inflation factor (VIF) were used to analyze the multicollinearity of the samples, and all the variables in this study had VIF <5, which is considered to indicate a lack of collinearity problem between the variables. Univariate logistic regression was used to examine the relationship between each risk factor and the nutritional normal group and the malnutrition group. Variables that were significant in the univariate analysis were included in the multifactorial logistic regression model. Models were constructed based on the results of multifactorial logistic regression to facilitate the use of the nomogram in clinical practice. The nomogram-based risk prediction model was established using R4.1.1 software. Model performance was validated by the area under the receiver operating characteristic curve (AUC), Hosmer-Lemeshow statistic, sensitivity, and specificity. The closer these metrics are to 1, the better is the model performance. A 2000-fold bootstrap resampling method was used for internal validation of results. The AUC was used to test the performance of the prediction model. The model was assessed for clinical utility using decision curve analysis (DCA). All P values were two sided, and values <0.05 were considered significant.




Results


Demographic data and univariate analysis results

A total of 433 patients with HF were enrolled in this study. Most patients in the study population were male and elderly, with a mean age of 62.09 ± 13.65 years, of which 66.1% were male. The median NT-proBNP was 5,229 (48-63990) ng/L. More than 70% of patients had severe symptoms (NYHA class III/IV). 66 (15.2%) of the 433 patients had malnutrition and 367 (84.8%) were nutritionally normal. There was a statistically significant difference between the malnutrition group and the normal nutrition group in terms of etiology of HF, CCI, and type of admission (P < 0.05). The differences in age, gender, sedentary hours, smoking history, drinking history, and NHYA classification were not statistically significant (all Ps > 0.05) (Table 1).


TABLE 1 Univariate analysis of the malnutrition in patients with heart failure.
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For the clinical characteristics and biochemical indicators during hospitalization malnutrition group compared with normal nutrition group, univariate results showed that HR (P = 0.044), HGB (P < 0.001), LYM (P < 0.001), BUN (P = 0.001), TP (P < 0.001), TG (P < 0.001), HDL (P = 0.020), GLU (P = 0.026), NA (P = 0.011), NT-proBNP (P < 0.001) may be associated with increased the odds of malnutrition. In addition, there was no statistically significant difference between the two groups for BMI, RDW, BUN, LVEF, and CTNI (P > 0.05) (Table 1).



Multivariate analysis

Variables with P < 0.05 in the univariate analysis were included in the multivariate analysis, including etiology of HF, CCI, type of admission, admission heart rate, HGB, LYM, BUN, TP, TG, HDL, GLU, NA, and NT-proBNP. A stepwise method was used to select variables. The results of the multifactorial analysis showed that TP (OR,0.765;95% CI, 0.711–0.824), TG (OR, 0.509;95% CI, 0.304–0.852), HGB (OR, 0.979;95% CI, 0.966–0.992), GLU (OR, 1.177; 95% CI, 1.045–1.326) were an independent risk factor (Table 2). We established a risk prediction model for malnutrition on the afore-mentioned four predictors, which independently associated with the odds of malnutrition as assessed by logistic regression analysis.


TABLE 2 Multivariate logistic regression analysis for malnutrition in patients with heart failure.
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Risk prediction model


Model development

The risk prediction model equation is as follows, P(malnutrition) = e(17.429 + −0.268 × TP + −0.022 × HGB + −0.676 × TG + 0.161 ×  GLU)/ (1 + e(17.429 + −0.268 × TP + −0.022 × HGB + −0.676 × TG + 0.161 × GLU)).



Evaluation of the prediction model

We drew AUC, The AUC was 0.856[95% CI:0.804, 0.908; P < 0.001]. The results showed that the Hosmer-Lemeshow test P = 0.098, and the optimal cut-off value of AUC was 0.174 based on the maximum principle of Youden index, where it yielded an accuracy of 77.3%, a sensitivity of 78.5%. This indicates that the model fits better and performs better with the data of this study (Figure 1). After 2000 bootstrap resampling iterations, AUC was 0.852, which indicates that the model has good discriminatory ability.


[image: Figure 1]
FIGURE 1
Receiver operation characteristic curve (AUC) of the logistic regression model. The AUC was used to test the performance of the prediction model.


The Decision curve analysis (DCA) for the model revealed that when the threshold probability of an individual was between 20% and 95%, application of this model to predict the odds of malnutrition would add net benefit than applying either the treat-all or treat-none strategies (Figure 2).


[image: Figure 2]
FIGURE 2
Decision curve analysis (DCA). The model was assessed for clinical utility using decision curve analysis (DCA).






Discussion

In this study, the general demographic data, and clinical laboratory biochemical indices of 433 hospitalized patients with HF were analyzed. Malnutrition and normal nutrition patients for this study were identified according to the AND-ASPEN criteria recommended by the Society. In our study, the prevalence of malnutrition was as high as 15.2%. After logistic regression analyses, total protein, hemoglobin, triglyceride, and glucose levels were found to be independent risk factors for malnutrition in patients with HF. A risk prediction model for malnutrition in patients with HF based on risk factors was constructed and presented in the form of a line graph (Figure 3). The nomogram model was shown to have good fitting and discriminatory ability and could help clinicians and nurses to predict the odds of malnutrition in hospitalized patients with HF. The best critical value of the model is 0.174. When the score is ≥0.174, it suggests that the patient is at a high odds of malnutrition, and the nursing staff should systematically assess the patient's condition and causative factors to implement targeted interventions. When the score is close to 0.174, the nursing staff need to educate the patient on importance of malnutrition, develop a prospective care plan for the patient, and provide the patient with adequate nutritional support. When the patient's condition changes between the time of hospitalization and discharge, nursing staff are advised to reassess the patient's odds of malnutrition, and adjust the nutritional care plan in a timely manner to avoid malnutrition.


[image: Figure 3]
FIGURE 3
Risk prediction model for malnutrition. A risk prediction model for malnutrition in patients with HF based on risk factors was constructed and presented in the form of a line graph.


This study found that for each unit of elevation in total protein, hemoglobin, and triglyceride, there was a corresponding decrease in the odds of malnutrition in patients with HF. In clinical practice, clinicians prefer the advantages provided by blood metabolic indicators in patients with HF who are malnutrition or at a the odds for malnutrition. Zhang et al. (26) conducted the first systematic evaluation of many blood biomarkers associated with malnutrition in adults to determine their relationship with malnutrition odds. They showed that albumin, hemoglobin, total cholesterol, and total serum protein, were useful biochemical markers of malnutrition. However, the study did not have sufficient evidence to include erythrocyte pressure, triglycerides, and creatinine as markers of malnutrition.

The normal range of serum total protein is usually between 6.0–8.3 g/dl, and studies have found that serum total protein levels <6 g/dl serve as a useful biomarker for malnutrition in adults (34). We did not categorize the levels of total protein and other biochemical markers in this study because we felt that using the variables as continuous variables would better reflect the true levels of these indicators in real patients. Analysis of serum albumin as a continuous variable revealed that patients with HF who had higher serum albumin levels were at a lower odds of malnutrition. This observation is consistent with a recent study of post-acute care elderly patients with lower serum total protein levels regardless of the diagnosis of malnutrition or skeletal muscle reduction (35). The mechanism underlying the association between serum albumin levels and malnutrition in patients with HF may be related to the fact that serum total protein is primarily synthesized by the liver and has functions such as nutrition, buffering and maintenance of colloid osmotic pressure (8). It has been shown that patients with HF are often at risk for malnutrition due to impaired cardiac function, leading to hemodynamic disorders, which cause abnormal liver function and lower serum total protein levels, thereby affecting the nutritional status of patients with HF (36). In addition, it has been found that dysfunction of the gastrointestinal tract has an important impact on the nutritional status of patients with HF (37). In fact, this disorder may lead to malabsorption and subsequently to malnutrition. Gut-liver system disorders are known to typically aggravate malnutrition in patients with HF (38). A systematic review indicated that total nutritional interventions can increase albumin and serum total protein levels in patients (26). Therefore, caregivers should monitor patients' serum total protein levels, administer liver and gastrointestinal medications as prescribed, and instruct patients to consume foods that are rich in high-quality proteins and easy to digest.

Normal hemoglobin range is generally defined as 13.5–17.5 g/dl for men and 12.0–15.5 g/dl for women (39), The World Health Organization defines the lower limit of normal hemoglobin for adults as (13 g/dl for men and 12 g/dl for women). Hemoglobin is often used as an important biochemical indicator of anemia. It has been shown that low albumin levels are associated with anemia and that anemic patients have an increased risk of hypoalbuminemia, which is further enhanced in malnutrition patients (40). As mentioned earlier, hypoproteinemia significantly increases the odds of malnutrition in patients. Therefore, nursing staff are prompted to pay attention to the occurrence of anemia in patients with HF during clinical care and to develop a timely and reasonable dietary nutrition plan to reduce the odds of hypoproteinemia and malnutrition. Few studies have evaluated other blood biomarkers, such as creatinine, triglycerides, iron, and red blood cell pressure in patients with HF (26). Our study found that triglyceride is a valid biological predictor of malnutrition odds in patients with HF. Cholesterol indicated in predicting the odds of malnutrition in patients with HF. Triglycerides and cholesterol are often used together as the main components of the lipid quadruple, and although few relevant studies exist, they reflect to some extent the value of this biochemical indicator in predicting the odds of malnutrition. Further investigation is needed to determine whether triglyceride is a valid indicator of malnutrition odds.

Another finding of our study was that each unit increase in glucose resulted in a 0.177-fold increase in the odds of malnutrition. There is often a relationship between glucose levels and malnutrition. Poor glucose tolerance is a feature of protein-energy malnutrition, and the prevalence of malnutrition-related gestational diabetes syndrome was found to be high in several hypothetical studies of pregnant women in the prenatal and postnatal periods. In addition to these prenatal effects, postnatal malnutrition may lead to sustained impairment of insulin secretion and glucose tolerance, leading to an increased chance of diabetes prevalence later in life (41–43). Elevated glucose levels can lead not only to an increased odds of malnutrition in patients, but also to an increased odds of HF in adults. One study found a significant association between diabetes and several cardiovascular disease risk factors (44). Blood glucose care has always been the focus of clinical nursing work, and it is particularly important to pay attention to the changes of blood glucose levels in patients with HF. Nurses should place emphasis on, carefully monitoring blood glucose levels at appropriate times. For patients with HF with large changes in blood glucose levels, timely measures should be taken to educate patients to exercise and appropriately control their diet to maintain more stable blood glucose levels and reduce the odds of malnutrition.

The traditional logistic prediction model is an equation that requires formula conversion to obtain predictive values, and nurses using such a tool in a tedious clinical environment may often miss the best time to intervene. Nomogram prediction models, which are visual presentations, allow nurses to screen patients with HF who are at a high odds of malnutrition, more easily and quickly and is more suitable in a clinical setting. For patients who are judged to be at an increased odds for malnutrition by this approach, nursing staff should develop detailed, individualized care plans to ensure that the patients receive the necessary nutrients in a timely manner to avoid causing malnutrition. In addition, although age and other variables may not be a factor in the nomogram prediction model in this study, we believe that these variables are also clinically important. We tried to include these variables, which were not statistically significant in the univariate analysis but were considered clinically significant, in the final model and found no significant increase in the predictive efficacy of the model. To present a fast and efficient tool, we decided to only include four variables. We believe that in addition to applying the model to identify patients with HF with malnutrition in a clinical setting, nurses should also pay some attention to factors such as age and co-morbidities in actual clinical work, which can provide more information for the overall health management of patients and reduce the occurrence of malnutrition in patients with HF, thus reducing the occurrence of poor prognostic outcomes.


Limitations

The conditions of data collection in this study led to a relatively homogeneous perspective of the prediction model. However, we believe that including serum biochemicals as a part of routine blood tests to identify patients with HF at the odds for malnutrition is a quicker and more convenient means for carrying out predictions. This study was a single-center study with a limited sample size, and only internal validation of the nomogram model was needed for external validation. We will expand the sample size in future studies and prospectively explore changes in malnutrition over time in patients with HF to assess the predictive validity of the model.




Conclusions

Total protein, hemoglobin, triglyceride, and glucose levels are independent risk factors for malnutrition in patients with HF; based on the four risk factors, a new nomogram model was constructed to predict the odds of malnutrition in patients with HF. The model demonstrated good fitting effect and discriminatory ability. The model can help clinicians and nurses to complete the screening for nutritional risk at an early stage of patient admission and predict the odds of malnutrition in patients with HF. Moreover, with our findings nursing staff can implement early interventions and precise management strategies based on these risk factors, and provide a basis for optimizing effective nursing strategy.
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Background: Type 2 diabetes mellitus (T2DM) is a clinical metabolic syndrome characterized by persistent hyperglycemia. Patients with T2DM are more likely to have carotid atherosclerosis (CAS), which can lead to dizziness, amaurosis or even stroke. Chinese herbal medicine (CHM) has shown possible efficacy and safety in treating T2DM patients with CAS. However, the existing evidence was not robust enough and the results were out of date.
Objective: This meta-analysis aimed to summarize the current evidence and systematically evaluate the effects of CHM on carotid plaque, glucose and lipid metabolism and vascular endothelial parameters in T2DM patients with CAS, providing a reference for subsequent research and clinical practice.
Methods: This study was registered in PROSPERO as CRD42022346274. Both Chinese and English databases were searched from their inceptions to 16 July 2022. All retrieved studies were screened according to inclusion and exclusion criteria. Randomized controlled trials (RCTs) using oral CHM to treat T2DM patients with CAS were included. The literature quality was assessed using the risk of bias assessment tool in the Cochrane Handbook. Data extraction was conducted on the selected studies. Review Manager 5.4 and Stata 16.0 were used for meta-analysis. Sources of heterogeneity were explored by meta-regression or subgroup analysis. Funnel plot and Egger’s test were used to assess publication bias and the evidence quality was assessed by Grading of Recommendations Assessment, Development and Evaluation (GRADE).
Results: 27 eligible studies, involving 2638 patients, were included in this study. Compared with western medicine (WM) alone, the addition of CHM was significantly better in improving carotid intima-media thickness (CIMT) [mean difference (MD) = -0.11mm, 95% confidence interval (CI): −0.15 to −0.07, p < 0.01], carotid plaque Crouse score [MD = −1.21, 95%CI: −1.35 to −1.07, p < 0.01], total cholesterol (TC) [MD = −0.34 mmol/L, 95%CI: −0.54 to −0.14, p < 0.01], triglyceride (TG) [MD = −0.26 mmol/L, 95%CI: −0.37 to −0.15, p < 0.01], low-density lipoprotein cholesterol (LDL-C) [MD = −0.36 mmol/L, 95%CI: −0.47 to −0.25, p < 0.01], high-density lipoprotein cholesterol (HDL-C) [MD = 0.22 mmol/L, 95%CI: 0.13 to 0.30, p < 0.01], glycated hemoglobin (HbA1c) [MD = −0.36%, 95%CI: −0.51 to −0.21, p < 0.01], fasting blood glucose (FBG) [MD = −0.33 mmol/L, 95%CI: −0.50 to −0.16, p < 0.01], 2-h postprandial glucose (2hPG) [MD = −0.52 mmol/L, 95%CI: −0.95 to −0.09, p < 0.01], homeostasis model assessment of insulin resistance (HOMA-IR) [standardized mean difference (SMD) = −0.88, 95%CI: −1.36 to −0.41, p < 0.01] and homeostasis model assessment of beta-cell function (HOMA-β) [MD = 0.80, 95%CI: 0.51 to 1.09, p < 0.01]. Due to the small number of included studies, it is unclear whether CHM has an improving effect on nitric oxide (NO), endothelin-1 (ET-1), peak systolic velocity (PSV) and resistance index (RI). No serious adverse events were observed.
Conclusion: Based on this meta-analysis, we found that in the treatment of T2DM patients with CAS, combined with CHM may have more advantages than WM alone, which can further reduce CIMT and carotid plaque Crouse score, regulate glucose and lipid metabolism, improve insulin resistance and enhance islet β-cell function. Meanwhile, CHM is relatively safe. However, limited by the quality and heterogeneity of included studies, the efficacy and safety of CHM remain uncertain. More high-quality studies are still needed to provide more reliable evidence for the clinical application of CHM.
Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/, identifier CRD42022346274
Keywords: type 2 diabetes mellitus, carotid atherosclerosis, Chinese herbal medicine, Systematic review, meta-analysis
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a chronic progressive metabolic disease characterized by persistent hyperglycemia, insulin resistance and islet β-cell dysfunction (Roden and Shulman, 2019; Galicia-Garcia et al., 2020). With changes in lifestyle and dietary structure, the prevalence of T2DM continues to increase (Zheng et al., 2018; Wang et al., 2021a). In 2021, there were about 573 million adults with diabetes worldwide, of whom about 90% had T2DM (IDF, 2021). In the process of T2DM, pathological factors such as glucose and lipid metabolism disorders, inflammatory stimulation or oxidative stress impair vascular endothelial cells, causing vascular endothelial dysfunction and subintimal lipid accumulation, eventually atherosclerosis (La Sala et al., 2019; Poznyak et al., 2020; Ye et al., 2022a). The carotid arteries are the earliest involved blood vessels in the development of atherosclerosis (Beckman et al., 2002), which initially manifests as thickening of carotid intima-media. As the disease progresses, carotid plaques gradually form, resulting in carotid stenosis or occlusion. Carotid atherosclerosis (CAS) is a significant risk factor for ischemic cerebrovascular diseases such as stroke or transient ischemic attack (Kamtchum-Tatuene et al., 2020; Bos et al., 2021). In addition, CAS indirectly reflects the overall atherosclerotic burden of large and medium arteries, and its severity is positively correlated with cardiovascular events (Nonin et al., 2017; Polak et al., 2017; Sillesen et al., 2018). More than 70% of T2DM patients suffer from CAS (Mostaza et al., 2015). Chinese Atherosclerosis Risk Evaluation study has shown that T2DM patients are more likely to have carotid plaque with calcification and lipid-rich necrotic cores than people without T2DM, suggesting that T2DM patients may develop more severe atherosclerotic disease (Gao et al., 2019). Moreover, T2DM patients have about twice the risk of stroke as those without T2DM and have a worse prognosis after stroke (Chen et al., 2016; Pikula et al., 2018). Therefore, early intervention for T2DM patients with CAS plays an important role in delaying the occurrence and development of cardiovascular and cerebrovascular events.
The current treatment for T2DM patients with CAS mainly focuses on controlling blood glucose, regulating lipids, stabilizing plaque and anti-platelet aggregation (CSN, 2017; CDS, 2021). For patients with severe carotid artery stenosis and apparent symptoms, surgical treatment such as carotid endarterectomy or carotid artery stenting can be considered (CSN, 2017; Naylor et al., 2018). Statins are important drugs for regulating blood lipids and stabilizing plaques. However, these may cause adverse effects such as liver function damage, myopathy or hyperglycemia (Auer et al., 2016; Wang et al., 2022b). Hypoglycemic drugs such as biguanides, sodium-glucose cotransporter-2 (SGLT-2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists may have potential effects on atherosclerosis when lowering blood glucose (Liu et al., 2021; Jonik et al., 2022; Poznyak et al., 2022). However, there may be adverse effects such as gastrointestinal discomfort, decreased vitamin B12 concentration or urinary tract infection (Baye et al., 2021). Although surgical intervention could relieve severe carotid stenosis, it cannot prevent the formation and development of atherosclerosis from the source (Copur et al., 2021; Yao et al., 2022). Considering the high risk during surgery and postoperative vascular restenosis, whether interventional therapy can bring sufficient benefit to patients is still controversial (Naylor et al., 2018; Wangqin et al., 2019; Achim et al., 2022; Reiff et al., 2022). Thus, there is an urgent need to find safer and more effective treatments for T2DM patients with carotid atherosclerosis.
Chinese herbal medicine (CHM), one of the important therapeutic methods in traditional Chinese medicine (TCM), has a complete theoretical system and has long been used in combination with Western medicine (WM) to treat various diseases (Wang et al., 2013; Zhou et al., 2022). CHM is mainly derived from traditional botanicals, animals and minerals, of which botanicals are the most common. Over the years, researchers have explored the effects of CHM in treating T2DM patients with CAS. Results from case reports, retrospective studies and randomized controlled trials (RCTs) suggest that CHM may be able to reduce the atherosclerosis degree, regulate glucose and lipid metabolism, improve vascular endothelial cell function and relieve clinical symptoms in T2DM patients with CAS (Yang, 2007; Zhou et al., 2011; He, 2013; Zhang et al., 2014; Cheng, 2016; Lu et al., 2022). However, the clinical efficacy remains uncertain due to limited sample size, inconsistent trial design and uneven trial quality. A previous meta-analysis showed that CHM is relatively safe and effective in treating T2DM patients with CAS (Huang, 2015). However, this study could not provide reliable results due to methodological flaws such as lack of registration, incomplete database searches and neglect on heterogeneity analysis. Some new clinical studies have been conducted since the publication of this study, making it necessary to update the evidence. Therefore, we collected RCTs rigorously and systematically evaluated the clinical efficacy and safety of CHM in treating T2DM patients with CAS, aiming to summarize the latest evidence and provide reference for subsequent research and clinical practice.
MATERIALS AND METHODS
Study registration
This systematic review and meta-analysis were performed under the guidance of the Cochrane Handbook for Systematic Reviews of Interventions version 6.3 (updated 2022) (Cochrane, 2022) and the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 2020 Statement (Moher et al., 2009; Page et al., 2021). The PRISMA 2020 checklist is provided in Supplementary Material S1. Before starting, this study was registered in the International Prospective Register of Systematic Reviews (PROSPERO) (Registration number: CRD42022346274). Data were derived from published clinical studies.
Database and search strategies
We conducted a comprehensive search of eight electronic databases, including PubMed, EMBASE, Cochrane Library, Web of Science (WOS), China National Knowledge Infrastructure (CNKI), Wan Fang Database, China Science and Technology Journal Database (VIP) and the China Biomedical Medicine database (CBM), from their inceptions to July 2022. The clinical trials evaluating the efficacy and safety of CHM in treating T2DM patients with CAS were retrieved using a combination of subject terms and text words. The search terms mainly included: “Medicine, Chinese Traditional”, “Chung I Hsueh”, “Zhong Yi Xue”, “Chinese Herbal Drugs”, “Type 2 Diabetes Mellitus”, “Diabetes Mellitus, Type 2”, “Type 2 Diabetes”, “Non-insulin-Dependent Diabetes Mellitus”, “Carotid Artery Diseases”, “Carotid Atherosclerosis”, “Carotid Atherosclerotic Plaque” and “Carotid Intima-Media Thickness”. The detailed search strategies containing more search terms are provided in Supplementary Material S2. To understand ongoing studies, the ClinicalTrials.gov database and Chinese Clinical Trial Registry (CHiCTR) were also retrieved. Additionally, references of related reviews and meta-analyses were also screened to discover literature that may be missed in online searches. All literature was selected according to inclusion criteria and exclusion criteria.
Inclusion criteria
Type of studies
RCTs were included without restriction on countries or publication language.
Type of participants
Adults (≥18 years old) with a definite diagnosis of T2DM with CAS were included, and there were no restrictions on age, race or gender.
Type of interventions and comparisons
The intervention was any orally administered CHM, including Chinese herbal compounds, Chinese patent medicine, single herb or Chinese herbal extracts, without limit to dosage form (decoction, pills, granules or capsules), dosage or treatment duration. The patients in the experimental group were treated with CHM combined with WM, and the control group received the same WM alone or in combination with placebo. WM included hypoglycemic drugs, lipid-lowering drugs, anti-platelet aggregation drugs and drugs for other underlying diseases. These drugs must be consistently recommended by experts.
Type of outcome measures
To comprehensively evaluate the efficacy and safety of CHM in the treatment of T2DM patients with CAS, RCTs assessing any of the following outcomes were included.
1) Primary Outcomes
Carotid intima-media thickness (CIMT), Carotid plaque Crouse score.
2) Secondary Outcomes
Lipid metabolism index: Total Cholesterol (TC), Triglyceride (TG), High-Density Liptein Cholesterol (HDL-C), Low-Density Lipoprotein Cholesterol (LDL-C).
Glucose metabolism index: Fasting blood glucose (FBG), 2-h postprandial glucose (2hPG), Glycated hemoglobin (HbA1c).
Vascular endothelial function and vascular resistance: Nitric oxide (NO), Endothelin-1 (ET-1), Peak systolic velocity (PSV), Resistance index (RI).
Insulin resistance index: Homeostasis model assessment of insulin resistance (HOMA-IR).
Pancreatic islet function index: Homeostasis model assessment of beta-cell function (HOMA-β).
If a study reported multiple time points, the result with the longest time point was included in the analysis.
3) Safety Outcomes
Any adverse events that occurred during the study should be recorded, such as the incidence of gastrointestinal reactions, the incidence of abnormal liver function, the incidence of hypoglycemia, the incidence of adverse events and the incidence of serious adverse events.
Exclusion criteria
Type of studies

1) Studies designed as non-RCTs, such as cohort studies, case-control studies, cross-sectional studies, case reports and reviews.
2) Basic studies, such as experiments on animals, cells or tissues.
3) Meeting abstracts were excluded if no relevant data were provided.
4) Studies were excluded if the full text could not be obtained by searching online or contacting the authors.
Type of participants

1) Indicators related to CAS were reported, while the study subjects were not T2DM patients with CAS.
2) Carotid ultrasound showed complete occlusion of the bilateral carotid lumen.
3) Patients with acute metabolic disorders, such as diabetic ketoacidosis or infections.
4) Patients with severe hepatic and renal impairment, severe cardiovascular or cerebrovascular diseases, pregnancy or lactation were excluded.
Type of interventions and comparisons

1) The interventions used TCM treatments other than CHM, such as acupuncture, moxibustion, massage or acupoint injection.
2) The control group used measures other than WM.
Type of outcome measures
Studies with obvious data errors, incomplete data, questionable authenticity and lack of required indicators were excluded. Obvious errors refer to inconsistent descriptions of data in the context, articles published before the completion of trial, incorrect choice in statistical method or random grouping method.
Study selection and data extraction
The search results were imported into EndNote X9 software in the form of bibliography to establish a database. Two researchers independently screened the literature according to the inclusion and exclusion criteria. Firstly, duplicate literature was deleted. Secondly, the literature that did not meet the criteria was excluded by reading the title and abstract. The literature that was uncertain in the preliminary screening was read in full. After reading the full text, literature that still did not meet the criteria was excluded. If there was any difference, it was determined after discussion or consultation with XF. Two researchers independently extracted data from included studies according to the pre-designed data extraction table. If some additional data were needed, we contacted the authors by email. The research data extracted mainly included: first author, publication year, study design, study period, sample size, gender, average age, course of disease, body mass index (BMI), treatment duration, intervention measures, outcome indicators, comorbidity, adverse events and was cross-checked. If the same RCT has published several articles successively, the one published first was selected.
Risk of bias assessment
The quality of the literature was assessed using the bias risk assessment tool in Review Manager 5.4. The assessment content consists of seven domains, including random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other bias. The bias risk assessment was carried out for each included study from these seven domains. The judgment of each domain was divided into “high risk”, “low risk” and “unclear risk”. ZZ and YL performed independently and examined each other. If there were different opinions on the evaluation results, it was determined after discussion or consultation with XF.
Statistical analysis
Review Manager 5.4 and Stata 16.0 were used for meta-analysis. For binary variables, the relative risk (RR) and 95% confidence interval (CI) were used to express the effect size. For continuous variables, when the same outcome indicator used the same unit, the mean difference (MD) and 95% CI were used to represent the effect size; otherwise, the standardized mean difference (SMD) and 95% CI were used. Heterogeneity was evaluated according to χ2 test and I2 test. If p > 0.1, I2<50%, it indicated that the heterogeneity between studies was small, and the fixed effect model was used to calculate the pooled effect size. If p ≤ 0.1, I2 ≥ 50%, it suggested significant statistical heterogeneity among the studies; therefore, the random effect model was used. If more than 10 studies were included for a study indicator, meta-regression was used to analyze sources of heterogeneity; otherwise, subgroup analysis was used. Sensitivity analysis was performed to judge the stability of the research results. Meanwhile, we performed funnel plot and Egger’s test to evaluate publication bias for indicators that included more than 10 studies. p > 0.05 indicated no obvious publication bias, and p < 0.05 indicated possible publication bias. Finally, we used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) method to assess the evidence quality.
Subgroup analysis and meta-regression
Subgroup analyses or meta-regressions were performed according to the following factors to explore the sources of heterogeneity and to discover the factors that might influence the effect: Average age (≤60 years old or >60 years old); Treatment duration (<6 months or ≥6 months); CHM dosage form (decoction or other dosage form).
Identification of commonly used Chinese herbal medicines
We summarized the CHMs used in all included studies and sorted CHMs according to occurrence frequency to explore the commonly used CHMs.
RESULTS
Database search results
A total of 1096 articles were obtained by searching PubMed, EMBASE, Cochrane Library, WOS, CNKI, Wan Fang Database, VIP and the CBM. Five hundred and ten articles were removed due to duplication. Of the remaining 586 articles, 495 articles were excluded after reading titles and abstracts. By reading the full text of the remaining 91 articles, 64 articles were excluded according to the inclusion and exclusion criteria. No additional studies were identified by screening references of relevant reviews and meta-analyses. A total of 27 studies were included after removing duplicates published by the same study. Literature excluded after reading the full text and reasons is listed in Supplementary Material S3. A detailed flowchart for screening eligible studies is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Flowchart of study selection and identification.
Characteristics of included studies
A total of 27 RCTs were included in this study, all completed in China and published between 2011 and 2021 (Sun and Fan, 2011; Zhou et al., 2011; Deng et al., 2012; Shao, 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Zuo et al., 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Lu et al., 2016; Lyu et al., 2016; Shi and Lu, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Bu et al., 2018; Fan et al., 2020; Guo, 2020; Mao, 2020; Wang et al., 2021c; Jiao et al., 2021). A total of 2638 T2DM patients with CAS were included in this study, including 1324 in experimental group and 1314 in control group. The sample size of each study ranged from 50 to 268, the average age ranged from 43.52 to 81.13 years old and the treatment duration ranged from 1 to 12 months. In the control group, 26 studies (Sun and Fan, 2011; Zhou et al., 2011; Deng et al., 2012; Shao, 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Zuo et al., 2013; Fu, 2014; Li et al., 2014; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Lu et al., 2016; Lyu et al., 2016; Shi and Lu, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Bu et al., 2018; Fan et al., 2020; Guo, 2020; Mao, 2020; Wang et al., 2021c; Jiao et al., 2021) used WM alone and 1 study (Luo, 2015) used WM plus placebo. The intervention in the experimental group was a combination with CHM based on the WM. 25 studies used Chinese herbal compounds or Chinese patent medicine (Sun and Fan, 2011; Zhou et al., 2011; Deng et al., 2012; Shao, 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Zuo et al., 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Cong, 2016; Lu et al., 2016; Lyu et al., 2016; Shi and Lu, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Bu et al., 2018; Fan et al., 2020; Mao, 2020; Wang et al., 2021c; Jiao et al., 2021), all composed of multiple herbs. The remaining two studies used a single herb (Yang et al., 2016b; Guo, 2020). CHM was taken in the form of decoction in 13 studies (Sun and Fan, 2011; Deng et al., 2012; Li, 2013; Wang, 2013; Yang, 2013; Cong, 2016; Lu et al., 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Bu et al., 2018; Wang et al., 2021c; Jiao et al., 2021), capsule in nine studies (Zhou et al., 2011; Fang et al., 2013; Zuo et al., 2013; Li et al., 2014; Luo, 2015; Sun et al., 2015; Lyu et al., 2016; Shi and Lu, 2016; Mao, 2020), granule in two studies (Fu, 2014; Yang et al., 2016b), powder in two study (Shao, 2012; Guo, 2020) and pill in 1 study (Fan et al., 2020). The basic characteristics of the included studies are shown in Table 1 and the detailed components of CHM are shown in Table 2.
TABLE 1 | The characteristics of the included studies.
[image: Table 1]TABLE 2 | Detailed components of CHM.
[image: Table 2]Risk of bias assessment
The risk of bias was assessed using the Cochrane Risk of Bias tool. Of the included studies, 12 studies (Sun and Fan, 2011; Deng et al., 2012; Wang, 2013; Cong, 2016; Lu et al., 2016; Shi and Lu, 2016; Chen et al., 2017; Yang, 2017; Fan et al., 2020; Guo, 2020; Wang et al., 2021c; Jiao et al., 2021) used a random number table and 1 study (Fang et al., 2013) used a computer-generated random sequence, and these studies were marked as low risk. Other studies claimed to have performed randomization but did not report the specific methods used in the process, and these studies were marked as unclear risk. All studies did not report information about allocation concealment and were therefore marked as unclear risk. Only 1 study (Luo, 2015) blinded participants and researchers with an appropriate placebo and was assessed as low risk. In the remaining studies, the control group was treated with WM alone, and the treatment group was treated with CHM combined with WM. The number and dosage form of medications were different between the two groups, so the participants and researchers were not blinded, and these studies were evaluated as high risk. None of the studies stated whether outcome assessors were blinded and were marked as unclear risk. Concerning the outcome data completeness, 1 study (Chen et al., 2017) was rated as high risk due to the imbalance in the number and reasons of missing data between groups and the exclusion of missing data from the analysis. 1 study (Yang et al., 2016b) did not report the missing data and was rated as unclear risk. The remaining studies had no incomplete data. In terms of selective reporting, four studies (Zuo et al., 2013; Fu, 2014; Li et al., 2014; Lyu et al., 2016) did not report some indicators stated in the methods section, such as CIMT, glucose metabolism indicators, hemodynamic indicators or adverse events, and were therefore judged as high risk. All studies were marked as low risk for other biases because we did not find other important biases such as conflict of interest, baseline imbalance or pharmaceutical company funding. In general, the methodological quality of the included studies was not high. The risk of bias assessment results for included studies are shown in Figure 2.
[image: Figure 2]FIGURE 2 | Risk of bias assessment for included studies: (A) Risk of bias graph; (B) Risk of bias summary.
Primary Outcomes
CIMT
Twenty-five studies including 2383 patients compared CHM plus WM with WM (Sun and Fan, 2011; Zhou et al., 2011; Deng et al., 2012; Shao, 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Zuo et al., 2013; Li et al., 2014; Luo, 2015; Yang et al., 2016b; Cong, 2016; Lu et al., 2016; Lyu et al., 2016; Shi and Lu, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Bu et al., 2018; Fan et al., 2020; Guo, 2020; Mao, 2020; Wang et al., 2021c; Jiao et al., 2021). According to the heterogeneity test (p < 0.01, I2 = 93%), a random effect model was selected for statistical analysis. The pooled result showed that compared with WM, the combination with CHM could reduce the CIMT level, and the difference was statistically significant (MD = −0.11mm, 95%CI: −0.15 to −0.07, p < 0.01) (Figure 3). We performed meta-regression on average age, treatment duration and dosage form to identify possible sources of heterogeneity. The results showed that the dosage form might be one reason for the heterogeneity (p = 0.027, Adj R2 = 20.32%). We further analyzed the regression scatter plot and found that CHM in other dosage forms may have better effects on CIMT than in form of decoction (Supplementary Material S4). The reason may be that the efficacy of CHM in decoction is closely related to the standard of production process. There are strict requirements on the heat, time and water amount in the decoction process. Once the process does not meet the requirements, the efficacy may be affected. In contrast, the granule or capsule form is produced by qualified enterprises which process CHM in a specific method and concentrate them into standard doses. It could effectively control the factors which may result in changes in herb properties during storage, thus ensuring the quality and safety of CHM. At the same time, it is more convenient to take medicine, thus patients may have better compliance and the rate of medicine taking is guaranteed. We further performed a subgroup analysis on dosage form to explore which formulation is more effective for patients. The results showed that CHM may be more effective when taken in the form of pill (MD = −0.30 mm, 95%CI: −0.40 to −0.20, p < 0.01) or capsule (MD = −0.17 mm, 95%CI: −0.29 to −0.05, p < 0.01) than decoction (MD = −0.06 mm, 95%CI: −0.09 to −0.02, p < 0.01) (Supplementary Material S4). In addition, average age (p = 0.206, Adj R2 = 3.35%) and treatment duration (p = 0.618, Adj R2 = −3.84%) were not the sources of heterogeneity for CIMT (Supplementary Material S4). Sensitivity analysis showed that the pooled effect sizes were similar and the result was robust (Figure 4A; Supplementary Material S5).
[image: Figure 3]FIGURE 3 | Forest plot of CIMT.
[image: Figure 4]FIGURE 4 | Sensitivity analysis: (A) CIMT; (B) Crouse score; (C) TC; (D) TG; (E) LDL-C; (F) HDL-C; (G) FBG; (H) 2hPG; (I) HbA1c; (J) NO; (K) ET-1; (L) HOMA-IR.
Crouse score
Four studies including 486 patients evaluated the effectiveness of CHM plus WM with WM alone (Wang, 2013; Li et al., 2014; Lu et al., 2016; Mao, 2020). According to the heterogeneity test (p = 0.43, I2 = 0%), a fixed effect model was selected for statistical analysis. The result showed that combined with CHM could significantly reduce Crouse score, and the difference was statistically significant (MD = −1.21, 95%CI: −1.35 to −1.07, p < 0.01) (Figure 5). Subgroup analyses according to average age, treatment duration and dosage form were performed to explore the effect of these factors on the result. The results showed that combination treatment could reduce the Crouse score in T2DM patients with CAS of different average age, treatment duration and dosage form (Supplementary Material S6). Sensitivity analysis showed that the pooled effect sizes were similar and the result was relatively stable (Figure 4B, Supplementary Material S5).
[image: Figure 5]FIGURE 5 | Forest plot of Crouse score.
Secondary Outcomes
TC
Twenty-one studies including 2201 patients compared CHM plus WM with WM (Sun and Fan, 2011; Deng et al., 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Zuo et al., 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Lu et al., 2016; Lyu et al., 2016; Shi and Lu, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Guo, 2020; Mao, 2020). According to the heterogeneity test (p < 0.01, I2 = 91%), a random effect model was selected for statistical analysis. The pooled result showed that when compared with WM, the combination with CHM could significantly reduce the TC level (MD = −0.34 mmol/L, 95%CI: −0.54 to −0.14, p < 0.01) (Figure 6A). Meta-regression was performed to explore possible sources of heterogeneity. In general, the average age (p = 0.922, Adj R2 = −5.70%), the treatment duration (p = 0.342, Adj R2 = −0.26%) and the dosage form (p = 0.466, Adj R2 = −2.42%) were not the sources of heterogeneity for the TC (Supplementary Material S4). Sensitivity analysis showed that the pooled effect sizes were similar and the result was robust (Figure 4C; Supplementary Material S5).
[image: Figure 6]FIGURE 6 | Forest plot of lipid metabolism index: (A) TC; (B) TG; (C) LDL-C; (D) HDL-C.
TG
Twenty-one studies including 2201 patients compared CHM plus WM with WM (Sun and Fan, 2011; Deng et al., 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Zuo et al., 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Lu et al., 2016; Lyu et al., 2016; Shi and Lu, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Guo, 2020; Mao, 2020). According to the heterogeneity test (p < 0.01, I2 = 89%), a random effect model was selected for statistical analysis. The pooled result showed that combined with WM might reduce TG in T2DM patients with CAS, and the difference was statistically significant (MD = −0.26 mmol/L, 95%CI: −0.37 to −0.15, p < 0.01) (Figure 6B). According to the meta-regression of average age, the scatters distribution showed a linear regularity, and the Tau2 decreased from 0.050 to 0.028, which suggested that age may be the source of heterogeneity and could explain 41.53% of the variation between studies (p = 0.006, Adj R2 = 41.53%) (Supplementary Material S4). We further analyzed the regression scatter plot and found that the efficacy on TG decreased with age, which means that the efficacy for young people may be better. We considered that the reason might be related to the simpler condition, fewer comorbidities and better response to herbs in young people. In addition, the treatment duration (p = 0.269, Adj R2 = 2.52%) and the dosage form (p = 0.052, Adj R2 = 20.13%) showed no significant difference on TG (Supplementary Material S4). Sensitivity analysis showed that the pooled effect sizes were similar and the result was robust (Figure4D; Supplementary Material S5).
LDL-C
Twenty-one studies including 2208 patients evaluated LDL-C levels (Sun and Fan, 2011; Deng et al., 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Zuo et al., 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Lyu et al., 2016; Shi and Lu, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Fan et al., 2020; Guo, 2020; Mao, 2020). According to the heterogeneity test (p < 0.01, I2 = 89%), a random effect model was selected for statistical analysis. The pooled result showed a significant lowering effect of CHM plus WM treatment on LDL-C (MD = −0.36 mmol/L, 95%CI: −0.47 to −0.25, p < 0.01) (Figure 6C). Meta-regression was performed to explore possible sources of heterogeneity. Altogether, the average age (p = 0.910, Adj R2 = −5.59%), the treatment duration (p = 0.098, Adj R2 = 9.76%) and the dosage form (p = 0.940, Adj R2 = −5.95%) were not the sources of heterogeneity for LDL-C (Supplementary Material S4). Sensitivity analysis showed that the pooled effect sizes were similar and the result was relatively stable (Figure 4E; Supplementary Material S5).
HDL-C
Seventeen studies including 1764 patients reported a comparison of HDL-C between combination treatment group and WM group (Sun and Fan, 2011; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Zuo et al., 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Lyu et al., 2016; Xu, 2016; Yang, 2017; Guo, 2020; Mao, 2020). According to the heterogeneity test (p < 0.01, I2 = 91%), a random effect model was selected for statistical analysis. The pooled result showed that compared with patients who only received WM treatment, the patients in the combination treatment group had higher HDL-C levels, and the difference was statistically significant (MD = 0.22 mmol/L, 95%CI: 0.13 to 0.30, p < 0.01) (Figure 6D). Meta-regression was performed to explore possible sources of heterogeneity. Meta-regression according to average age (p = 0.067, Adj R2 = 17.50%), the treatment duration (p = 0.217, Adj R2 = 4.43%) and the dosage form (p = 0.266, Adj R2 = 1.89%) showed no significant difference on HDL-C (Supplementary Material S4). Sensitivity analysis showed that the pooled effect sizes were similar and the result was relatively stable (Figure 4F; Supplementary Material S5).
FBG
Twenty-two studies including 2243 patients compared the FBG levels between combination treatment group and WM group (Deng et al., 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Lu et al., 2016; Lyu et al., 2016; Shi and Lu, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Bu et al., 2018; Fan et al., 2020; Guo, 2020; Wang et al., 2021c; Jiao et al., 2021). According to the heterogeneity test (p < 0.01, I2 = 71%), a random effect model was selected for statistical analysis. The pooled result illustrated that the combination treatment was remarkable for lowering FBG compared with WM (MD = −0.33 mmol/L, 95%CI: −0.50 to −0.16, p < 0.01) (Figure 7A). Meta-regression was performed to explore possible sources of heterogeneity. In general, the average age (p = 0.638, Adj R2 = −6.15%), the treatment duration (p = 0.992, Adj R2 = −7.23%) and the dosage form (p = 0.626, Adj R2 = −5.76%) were not significant sources of heterogeneity for FBG (Supplementary Material S4). Sensitivity analysis showed that the pooled effect sizes were similar and the result was robust (Figure 4G; Supplementary Material S5).
[image: Figure 7]FIGURE 7 | Forest plot of glucose metabolism index: (A) FBG; (B) 2hPG; (C) HbA1c.
2hPG
Fifteen studies including 1408 patients reported a comparison of 2hPG between combination treatment group and WM group (Deng et al., 2012; Li, 2013; Yang, 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Cong, 2016; Lyu et al., 2016; Shi and Lu, 2016; Yang, 2017; Bu et al., 2018; Guo, 2020; Wang et al., 2021c; Jiao et al., 2021). According to the heterogeneity test (p < 0.01, I2 = 88%), a random effect model was selected for statistical analysis. The pooled result showed that compared with WM, combination with CHM could significantly reduce the 2hPG level (MD = −0.52 mmol/L, 95%CI: −0.95 to −0.09, p = 0.02) (Figure 7B). Meta-regression was performed to explore possible sources of heterogeneity. Meta-regression according to average age (p = 0.306, Adj R2 = 0.54%), the treatment duration (p = 0.561, Adj R2 = −4.08%) and the dosage form (p = 0.276, Adj R2 = 5.87%) showed no significant difference on 2hPG (Supplementary Material S4). Sensitivity analysis showed that the pooled effect sizes were similar and the result was relatively stable (Figure 4H; Supplementary Material S5).
HbA1c
Twenty studies including 2133 patients compared the HbA1c levels between combination treatment group and WM group (Deng et al., 2012; Fang et al., 2013; Wang, 2013; Yang, 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Lu et al., 2016; Lyu et al., 2016; Shi and Lu, 2016; Chen et al., 2017; Yang, 2017; Bu et al., 2018; Fan et al., 2020; Guo, 2020; Wang et al., 2021c; Jiao et al., 2021). According to the heterogeneity test (p < 0.01, I2 = 78%), a random effect model was selected for statistical analysis. The pooled result revealed that CHM plus WM was more effective in reducing HbA1c than WM, and the difference was statistically significant (MD = −0.36%, 95%CI: −0.51 to −0.21, p < 0.01) (Figure 7C). Meta-regression was performed to explore possible sources of heterogeneity. In general, the average age (p = 0.484, Adj R2 = −3.73%), the treatment duration (p = 0.835, Adj R2 = −10.52%) and the dosage form (p = 0.398, Adj R2 = −5.73%) were not the sources of heterogeneity for HbA1c (Supplementary Material S4). Sensitivity analysis showed that the pooled effect sizes were similar and the result was robust (Figure 4I; Supplementary Material S5).
NO
Four studies including 297 patients evaluated the effectiveness of CHM plus WM to WM on NO (Zhou et al., 2011; Li, 2013; Yang, 2013; Luo, 2015). According to the heterogeneity test (p < 0.01, I2 = 85%), a random effect model was used. The pooled result found statistical significance between combination treatment and WM in NO (MD = 6.84 μmol/L, 95%CI: 1.16 to 12.53, p = 0.02) (Figure 8A). Due to the small number of included studies, there were only 1 or two articles within each subgroup, which may lead to poor representation. So, subgroup analysis to explore sources of heterogeneity cannot be performed well. We speculated that the reason for the heterogeneity might be related to the different disease stages of the patients between studies, resulting in different impairment degrees of vascular endothelial function. This is partly responsible for differences in baseline levels and drug responsiveness between study points. Sensitivity analysis showed that Yang, 2013 was highly sensitive. After excluding it, the pooled result was reversed and no statistical significance (MD = 6.42 μmol/L, 95%CI: −1.27 to 14.11, p = 0.10) (Figure 4J, Supplementary Material S5), indicating that the result is not robust. Yang, 2013 had a partial weight in the pooled result due to its moderate sample size and small standard deviation. Therefore, we are more convinced of the pooled effect size involved in this study, considering that the improvement of NO with combination treatment may be better than that of WM alone. However, due to the small number of included studies and limited sample size, this finding is not fully conclusive and further high-quality studies are needed to confirm it.
[image: Figure 8]FIGURE 8 | Forest plot of vascular endothelial function index: (A) NO; (B) ET-1.
ET-1
Four studies including 297 patients compared the ET-1 levels between combination treatment group and the WM group (Zhou et al., 2011; Li, 2013; Yang, 2013; Luo, 2015). According to the heterogeneity test (p = 0.39, I2 = 1%), a fixed effect model was used. The pooled result revealed a significant decrease in ET-1 with combination treatment than with WM (MD = −4.44 pg/mL, 95%CI: −5.80 to −3.08, p < 0.01) (Figure 8B). Sensitivity analysis showed the result was robust (Figure 4K, Supplementary Material S5).
PSV
Two studies including 307 patients reported a comparison of PSV between combination treatment group and WM group (Fu, 2014; Chen et al., 2017). One study (Fu, 2014) including 50 patients reported that compared with WM alone, there were no significant differences on PSV in both left common carotid artery (MD = 4.28 cm/s, 95%CI: −0.45 to 9.01, p = 0.08) and right common carotid artery (MD = 1.61 cm/s, 95%CI: −4.07 to 7.30, p = 0.58) after 6 months combination treatment. However, another study (Chen et al., 2017) including 257 patients reported a significant improvement in mean PSV of bilateral common carotid arteries after 3 months combination treatment (MD = 5.91 cm/s, 95%CI: 2.53 to 9.29, p < 0.01). We speculated that the reason for the different study results may be related to the sample size. The former has a smaller sample size and may not have sufficient power to detect differences. Due to the small number of included studies, the efficacy of combination treatment on PSV is still unclear, and more high-quality and large-sample studies are still needed to explore it.
RI
Two studies including 307 patients evaluated RI outcomes (Fu, 2014; Chen et al., 2017). One study (Fu, 2014) including 50 patients reported that compared with WM, combined with CHM could reduce RI in both left common carotid artery (MD = −0.03, 95%CI: −0.06 to −0.00, p = 0.03) and right common carotid artery (MD = −0.02, 95%CI: −0.05 to −0.00, p = 0.04) after 6 months treatment, with a statistically significant difference. Another study (Chen et al., 2017), including 257 patients, similarly reported a significant reduction in mean RI of bilateral common carotid arteries after 3 months combination treatment (MD = −0.11, 95%CI: −0.12 to −0.10, p < 0.01). Due to the small sample size and large variation in results between studies, the efficacy of combination treatment on RI still needs more high-quality and large-sample studies to clarify.
HOMA-IR
Six studies including 854 patients reported a comparison of HOMA-IR between combination treatment group and WM group (Fang et al., 2013; Fu, 2014; Li et al., 2014; Sun et al., 2015; Lyu et al., 2016; Xu, 2016). According to the heterogeneity test (p < 0.01, I2 = 90%), a random effect model was used. The pooled result illustrated that combination with CHM was remarkable for reducing HOMA-IR compared with WM alone (SMD = −0.88, 95%CI: −1.36 to −0.41, p < 0.01) (Figure 9). Subgroup analyses according to average age, treatment duration and dosage form showed no significant reduction in heterogeneity within each subgroup, so these factors cannot be considered sources of heterogeneity at present (Supplementary Material S6). We speculated that the heterogeneity might be due to the large individual differences on HOMA-IR in T2DM patients with CAS, resulting in different HOMA-IR baseline levels and herb responsiveness between studies. It may also be related to measurement bias caused by different insulin detection methods. Sensitivity analysis showed that the pooled effect sizes were similar and the result was relatively stable (Figure 4L, Supplementary Material S5).
[image: Figure 9]FIGURE 9 | Forest plot of HOMA-IR.
HOMA-β
Only 1 study including 205 patients evaluated HOMA-β outcomes. The result showed that compared with WM, the combination with CHM could improve HOMA-β, and the difference was statistically significant (MD = 0.80, 95%CI: 0.51 to 1.09, p < 0.01) (Sun et al., 2015).
Adverse events
A total of 17 studies reported adverse events (Shao, 2012; Fang et al., 2013; Li, 2013; Wang, 2013; Yang, 2013; Fu, 2014; Li et al., 2014; Luo, 2015; Sun et al., 2015; Yang et al., 2016b; Cong, 2016; Xu, 2016; Chen et al., 2017; Yang, 2017; Fan et al., 2020; Guo, 2020; Mao, 2020). Among them, eight studies indicated that there were no adverse events occurred in both group during study period (Shao, 2012; Li, 2013; Wang, 2013; Fu, 2014; Yang et al., 2016b; Cong, 2016; Fan et al., 2020; Guo, 2020), and the remaining nine studies reported adverse events (Fang et al., 2013; Yang, 2013; Li et al., 2014; Luo, 2015; Sun et al., 2015; Xu, 2016; Chen et al., 2017; Yang, 2017; Mao, 2020). A total of 44/657 adverse events were reported in the experimental group and 38/655 in the control group. The meta-analysis showed that the incidence of adverse events in the combination treatment group was not significantly different from that in the control group (RR = 1.12, 95%CI: 0.75 to 1.69, p = 0.58) (Figure 10). As presented in Table 3, the most common adverse events were gastrointestinal reactions, including gastrointestinal discomfort, nausea, vomiting, diarrhea, abdominal distension and anorexia. Other adverse events such as abnormal liver function, dizziness, headache, skin itching, hypoglycemia, abnormal renal function and fatigue were also reported in these studies. These adverse reactions were all mild and can be relieved spontaneously or after symptomatic treatment. No serious adverse events or deaths were reported in the included studies. In general, CHM is relatively safe as an add-on treatment to Western medicine.
[image: Figure 10]FIGURE 10 | Forest plot of adverse events.
TABLE 3 | Summary of adverse events.
[image: Table 3]Publication bias
Funnel plot and Egger’s test were performed to assess publication bias. For TC, LDL-C and HDL-C, the funnel plots showed left-right asymmetric distribution between study points (Figures 11A–C), and Egger’s test indicated possible publication bias (p = 0.011, 0.016 and 0.047, respectively) (Supplementary Material S7). For CIMT, TG, FBG, 2hPG and HbA1c, the funnel plots showed roughly inverted symmetrical distributions among study points (Figures 11D–H). Egger’s test showed no significant statistical difference (p = 0.190, 0.441, 0.910, 0.808 and 0.232, respectively) (Supplementary Material S7), suggesting there was no obvious publication bias.
[image: Figure 11]FIGURE 11 | Funnel plots of (A) TC, (B) LDL-C, (C) HDL-C, (D) CIMT, (E) TG, (F) FBG, (G) 2hPG and (H) HbA1c.
Assessment of evidence quality
The GRADE method was used to assess the evidence quality. The overall evidence quality for each outcome was moderate to very low. The decrease in the evidence certainty was mainly attributed to the high risk of bias, inconsistency between studies, imprecision in results and publication bias. Therefore, the results of this study should be applied with caution, and more high-quality studies are still needed to assess efficacy. Supplementary Material S8 showed a summary of the overall evidence for each outcome.
Frequency distribution analysis of Chinese herb medicines
A total of 95 single CHMs were used in the included studies. We sorted the CHMs according to the occurrence frequency and listed the ones that appeared more than 5 times in Table 4. These CHMs could be further considered in the prescription for T2DM patients with CAS. The top four were Danshen Root (Danshen, Salvia miltiorrhiza Bunge), Milkvetch Root (Huangqi, Astragalus mongholicus Bunge), Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC.) and Leech (Shuizhi, Hirudo).
TABLE 4 | Frequency of CHMs (more than 5 times).
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Main results of this research
The occurrence and development of T2DM patients with CAS are closely related to various pathological factors such as glucose and lipid metabolism disorder, inflammatory response, oxidative stress, insulin resistance and vascular endothelial dysfunction (La Sala et al., 2019; Yuan et al., 2019; Poznyak et al., 2020). For T2DM patients with CAS, early intervention is of great significance in preventing cardiovascular and cerebrovascular events. CHM has played an important role in treating various diseases for its advantages in multi-component and multi-target synergistic regulation. Some clinical studies have shown that the application of CHM in the treatment of T2DM patients with CAS may achieve better efficacy.
Hence, we collected the latest evidence and updated a meta-analysis on the efficacy and safety of CHM in treating T2DM patients with CAS. We conducted a detailed and comprehensive search of Chinese and English databases and analyzed the effectiveness from multiple perspectives. Meta-regression and subgroup analysis were also performed to explore sources of heterogeneity, and GRADE was conducted to assess the evidence quality.
A total of 1096 articles were retrieved, and 27 studies including 2638 patients were included for analysis. The risk of bias assessment revealed that most studies needed to be concerned about the risk of bias, which was mainly related to the lack of detailed reporting on specific methods of random sequence generation and allocation concealment, and the absence of blinding.
Our main finding was that combined CHM with WM can significantly reduce the degree of carotid atherosclerosis in T2DM patients. Compared with WM alone, the combination with CHM could significantly reduce CIMT (MD = −0.11 mm, 95%CI: −0.15 to −0.07, p < 0.01), carotid plaque Crouse score (MD = −1.21, 95%CI: −1.35 to −1.07, p < 0.01), TC (MD = −0.34 mmol/L, 95%CI: −0.54 to −0.14, p < 0.01), TG (MD = −0.26 mmol/L, 95%CI: −0.37 to −0.15, p < 0.01), LDL-C (MD = −0.36 mmol/L, 95%CI: −0.47 to −0.25, p < 0.01) and improve HDL-C (MD = 0.22 mmol/L, 95%CI: 0.13 to 0.30, p < 0.01). Studies have shown that increased CIMT correlates well with ischemic stroke in the setting of T2DM (Kota et al., 2013). Each 0.1 mm increment in CIMT increased the risk of ischemic stroke by 17% (van den Oord et al., 2013). It can be seen that the combination treatment can achieve better efficacy in receding plaques and regulating blood lipids without increasing adverse effects, which means that CHM can be considered as a beneficial supplementary treatment for T2DM patients with CAS. In addition, we found that there was large heterogeneity in the results of CIMT, TC, TG, LDL-C and HDL-C, and meta-regression was used to explore the source of heterogeneity. The results revealed that the dosage form may be responsible for the heterogeneity of CIMT, and CHM may have a better efficacy on CIMT when it was not used in the form of decoction. This suggested that, in the future, in the long course of treatment, CHM can be considered made into granules, capsules or other convenient dosage forms to improve compliance and ensure the rate of medicine taking. Average age may be responsible for the heterogeneity of TG and CHM may be more effective in lowering TG in young people. Meta-regression did not find heterogeneity sources for TC, LDL and HDL. We speculated that, on the one hand, heterogeneity may be related to the uneven methodological quality of the included studies. On the other hand, CHM intervention’s specificity should also be considered. Syndrome differentiation and treatment is one of the characteristics of traditional Chinese medicine. For patients with different constitutions and pathogenesis, different CHMs will be selected to target the patient’s condition better, resulting in different herbal compositions and dosages for each formula. Moreover, different degrees of carotid atherosclerosis, such as carotid intima-media thickening, carotid atherosclerotic plaque or carotid stenosis, may respond differently to CHM treatment. The above factors may contribute to methodological as well as clinical heterogeneity, and further to statistical heterogeneity.
In terms of glucose metabolism, combined with CHM could reduce HbA1c (MD = −0.36%, 95%CI: −0.51 to −0.21, p < 0.01), FBG (MD = −0.33 mmol/L, 95%CI: −0.50 to −0.16, p < 0.01) and 2hPG (MD = −0.52 mmol/L, 95%CI: −0.95 to −0.09, p = 0.02) in T2DM patients with CAS. The improvement on HbA1c benefited from the decrease in both FBG and 2hPG. HbA1c can reflect the average blood glucose level over the last 2–3 months and is an important criterion for evaluating glycemic control. The United Kingdom Prospective Diabetes Study (UKPDS) suggested that the risk of various complications in diabetic patients is positively related to the level of glycemic control. Each 1% reduction in HbA1c reduced the risk of all diabetes-related endpoints by 21%, the risk of diabetes-related death by 21% and the risk of stroke by 12% (Stratton et al., 2000). Therefore, the reduction of blood glucose under the combination treatment will also benefit patients in preventing cardiovascular and cerebrovascular events. At the same time, we also found that the combination treatment was better than WM alone in reducing HOMA-IR (SMD = −0.88, 95%CI: −1.36 to −0.41, p < 0.01) and improving HOMA-β (MD = 0.80, 95%CI: 0.51 to 1.09, p < 0.01), and the difference was statistically significant.
In addition, we used the indexes about vascular endothelial cell function and vascular resistance to reflect the carotid artery condition in diabetic patients. Vascular endothelial dysfunction is an important pathological mechanism of T2DM patients with CAS (Gimbrone and García-Cardeña, 2016; Maruhashi and Higashi, 2021). NO and ET-1 are important markers reflecting vascular endothelial function, both produced by vascular endothelial cells. NO has the functions of dilating blood vessels, resisting platelet aggregation, limiting the proliferation of vascular smooth muscle, reducing vascular permeability and anti-inflammatory (Förstermann et al., 2017), while ET-1 could constrict blood vessels and promote vascular smooth muscle migration (Wang et al., 2022a). In the setting of diabetes, endothelial cell dysfunction leads to decreased synthesis and release of NO and excessive secretion of ET-1, resulting in pathological vasoconstriction, reduced diastolic function and smooth muscle cell proliferation (Rajendran et al., 2013), eventually vascular resistance increases. In this meta-analysis, NO, ET-1, PSV and RI were analyzed to explore the effects of CHM on vascular conditions. However, the efficacy remains uncertain due to the small number of included studies and large differences between study points. In the future, more high-quality and large-sample studies focusing on vascular conditions are still needed to explore the efficacy.
Of the 27 included studies, 17 reported adverse effects. Eight of them reported no adverse effects occurred during the study period. The remaining nine studies reported adverse reactions, most of which were gastrointestinal reactions, suggesting that clinicians should pay attention to the protection of gastrointestinal function while using CHM. Other adverse events, such as skin itching, dizziness, headache, abnormal liver function and hypoglycemia, were also reported. These adverse reactions were mild and resolved spontaneously or after symptomatic treatment. No serious adverse events or deaths occurred in these studies. The results showed that combination treatment did not increase the incidence of adverse events compared with WM (RR = 1.12, 95%CI: 0.75 to 1.69, p = 0.58), suggesting that combined with CHM was generally safe and tolerable.
From Table 4, it is worth noting that in the treatment of T2DM patients with CAS, some CHMs with the effect of activating blood and resolving stasis are often used, such as Danshen Root (Danshen, Salvia miltiorrhiza Bunge), Leech (Shuizhi, Hirudo), Red Peony Root (Chishao, Paeonia lactiflora Pall.), Szechwan Lovage Rhizome (Chuanxiong, Ligusticum striatum DC.), Earthworm (Dilong, Pheretima) and Safflower (Honghua, Carthamus tinctorius L.), which are consistent with the pathogenesis of blood stasis; however, there may be potential bleeding risks. None of the included studies monitored coagulation indexes during the trial, and none reported whether patients had bleeding symptoms. This suggests that when prescribing, the CHM should be selected reasonably and the dosage should be determined scientifically according to patient’s pathogenesis. Meanwhile, during treatment, close attention should be paid to the presence of bleeding, such as whether the patients have subcutaneous ecchymosis, petechiae, gingival bleeding or other suspicious bleeding symptoms. Blood routine, urine routine, stool routine and coagulation function should also be monitored. Once a possible bleeding condition is considered, the prescription should be stopped immediately and appropriate treatment should be carried out according to the severity of bleeding.
Possible mechanism of Chinese herbal medicines for T2DM patients with CAS
The core Chinese herbal Medicines for T2DM patients with CAS are Danshen Root (Danshen, Salvia miltiorrhiza Bunge), Milkvetch Root (Huangqi, Astragalus mongholicus Bunge), Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC.) and Leech (Shuizhi, Hirudo). Danshen Root (Danshen, Salvia miltiorrhiza Bunge), which is most frequently used, contains various chemical components such as tanshinones, salvianolic acids and lactones (Wan et al., 2020). Pharmacological studies have shown that tanshinone IIA has the functions of inhibiting inflammatory factors secretion (Li et al., 2015; Li et al., 2017), reducing adhesion molecules expression (Chang et al., 2014; Yang et al., 2016a), resisting vascular endothelial cells apoptosis (Zhu et al., 2017), inhibiting oxidative stress (Zhang et al., 2017a) and regulating lipid metabolism and immune function (Chen et al., 2019; Ye et al., 2022b), thereby protecting the function and structure of vascular endothelial and anti-atherosclerosis. Salvianolic acid A could reduce lipid deposition in vascular intima by inhibiting oxidative stress and inflammatory response and regulating lipid metabolism (Song et al., 2019). Salvianolic acid B also has the effects of relieving diabetes symptoms, regulating glucose and lipid metabolism, reducing hepatic gluconeogenesis gene expression and improving insulin resistance (Huang et al., 2015; Huang et al., 2016). The components of Milkvetch Root (Huangqi, Astragalus mongholicus Bunge) include polysaccharides, saponins, flavonoids, amino acids and various trace elements. Studies have shown that astragaloside IV could induce autophagy in macrophages by regulating the phosphatidylinositol 3-kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR) signaling pathway, thereby inhibiting inflammatory responses and stabilizing atherosclerotic plaques. It can also promote cholesterol efflux from macrophages and reduce foam cell production (Zhang et al., 2017b; Qin et al., 2018; Ge et al., 2021). Astragalus polysaccharides could lower blood glucose, increase insulin sensitivity, improve insulin resistance and inhibit islet β-cell apoptosis (Zheng et al., 2020). The mechanism may be related to its potential to inhibit α-amylase activity, activate the AMP-activated protein kinase (AMPK) pathway, regulate endoplasmic reticulum stress signal and modulate apoptotic gene expression (Zhou, 2015; Wei et al., 2018; Zhang et al., 2018; Chen et al., 2020). Catalpol, one of the iridoid glycosides, is an important active ingredient of Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC.) and an index component for controlling quality in Chinese Pharmacopoeia (ChPC, 2020; Wang et al., 2021b; Chen et al., 2021). Catalpol can lower blood glucose, reduce hepatic gluconeogenesis, increase glycogen synthesis and improve insulin resistance. It could also downregulate the expression of monocyte chemotactic protein-1 and vascular cell adhesion molecule-1, resist oxidative stress and inflammatory response and inhibit endothelial proliferation (Liu et al., 2016; Yan et al., 2018; Lin et al., 2019). This suggests that catalpol has a positive effect on diabetes and its associated vascular disease. The Leech (Shuizhi, Hirudo) is the dried whole body of the Whitmania pigra Whitman, Hirudo nipponica Whitman or Whitmania acranulata Whitman (ChPC, 2020). The Leech and its extracts can exert anti-atherosclerotic effects by regulating lipid metabolism, reducing oxidative stress, inhibiting inflammatory response and smooth muscle proliferation (Gao et al., 2014; Wu et al., 2017; Xu et al., 2019). All of the above CHMs exhibit the typical multi-target and multi-component regulation effects on T2DM patients with CAS.
Agreement and disagreement with previous studies
Currently, there is a meta-analysis on this topic published a few years ago (Huang, 2015); however, it has serious methodological flaws. The protocol was not registered, which makes it less transparent and we cannot know if there was a deviation from the pre-study design. Meanwhile, the database search was not comprehensive and some important articles may be missed. The evaluation indicators were also incomplete; for example, lipid metabolism, the important parameter affecting atherosclerosis, was not assessed. Heterogeneity was not described and the evidence certainty could not be known. Seven years have passed since its publication, and whether its conclusions are applicable today needs to be considered. Our meta-analysis used a more rigorous methodology, carried out protocol registration in advance, conducted a comprehensive search of both Chinese and English databases and included newly published literature to ensure timeliness. Our updated systematic review included 27 RCTs, 14 of which were published after 2015. The efficacy was also evaluated from multiple perspectives to provide a comprehensive and reliable reference for subsequent studies. For indicators with heterogeneity, meta-regression or subgroup analysis was used to explore the source of heterogeneity, which was not available in the previous study. The previous study (Huang, 2015) found that combination treatment had better effects on CIMT and HbA1c in T2DM patients with CAS. Our study also found this, which is encouraging; however, due to the heterogeneity between studies, we think that high-quality studies are still needed to confirm this. Meanwhile, similar to the previous study, we found that there are still only a few studies evaluating vascular function. Given the important role of vascular function in T2DM patients with CAS, more studies are needed to explore the efficacy of CHM in this regard. More diverse indicators for evaluating vascular function can be considered, such as flow-mediated vasodilation (FMD), peripheral arterial tonometry (PAT) or pulse wave velocity (PWV).
Limitation of this research
This study comprehensively collected clinical RCTs and provided the latest evidence for the efficacy and safety of CHM in treating T2DM patients with CAS. The results suggested that CHM may have great potential in treating this disease. However, this study still has some limitations. Firstly, the methodological quality of the included studies was not high. None of the studies registered trial protocols. Most studies had unclear randomization methods and a lack of blinding. Only one study used the placebo, and the remaining studies did not use double-blinding. These may affect the accuracy and reliability of the results. Because we could not get enough information from the authors, many items were assessed as uncertain risk in terms of risk of bias assessment. Secondly, some indicators have high heterogeneity. Although we have performed subgroup analysis or meta-regression, the source of heterogeneity cannot be completely determined. Heterogeneity may be due to various factors, such as the uneven study quality, the disease severity and the composition and dosage of CHM prescriptions. Thus, the results should be interpreted with caution. Thirdly, the most important purpose of treating T2DM patients with CAS is to prevent cardiovascular and cerebrovascular endpoint events. However, none of the studies conducted long-term follow-up observations and none of them reported endpoint events. Therefore, there is still a lack of evidence for CHM on long-term cardiovascular and cerebrovascular endpoints in T2DM patients with CAS. Fourthly, there are differences in the selection of evaluation indicators among included studies, and there is no uniform standard. Some parameters are less reported, such as NO, ET1, PSV and RI, and our exploration of the efficacy on these indicators is limited. Fifthly, some studies did not report adverse effects, which affected the evaluation of safety. Finally, although there is no restriction on publication language, all the articles that meet the criteria are in Chinese, and all of them are single-center and small-sample studies. The promotion and application of CHM are affected to a certain extent due to potential publication bias and possible ethnic and regional limitations.
Implication for clinical practice and future research
Based on above findings and limitations, the following suggestions are provided for future research and practice. Firstly, improve study protocol rigor and strengthen quality control. Register the protocol in advance to ensure information transparency. Pay attention to the proper implementation of center randomization, allocation concealment and double-blinding to ensure study quality. Secondly, the design and reporting of RCTs should be conducted strictly following the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) statement, the Consolidated Standards of Reporting Trials (CONSORT) statement and the CONSORT Extension for Chinese Herbal Medicine Formulas 2017. Study characteristics such as age, course of disease, disease severity, treatment duration and dosage should be clearly recorded for further analysis. Thirdly, long-term follow-up studies should be encouraged to clarify the efficacy of CHM on cardiovascular and cerebrovascular endpoint events in T2DM patients with CAS. Fourthly, discover the core outcome set about T2DM patients with CAS, especially the indicators reflecting the characteristics of traditional Chinese medicine. In clinical research, attention should be paid to the selection of evaluation indicators to make the use of indicators more standardized, representative and convincing. Fifthly, attach importance to observing and monitoring adverse events and establish a strict adverse events handling and reporting process. For T2DM patients with CAS, CHMs with the effect of activating blood and resolving stasis may be involved, which may have potential bleeding risks. Therefore, patients’ self-reported symptoms should be noted, and blood routine, urine routine, stool routine, liver and kidney function and coagulation indexes should also be monitored. Sixthly, calculate the sample size reasonably and conduct multi-center, double-blind and high-quality research to make the results more reliable. Both positive and negative results should be reported truthfully to reduce publication bias. Seventhly, Danshen Root (Danshen, Salvia miltiorrhiza Bunge), Milkvetch Root (Huangqi, Astragalus mongholicus Bunge), Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC.) and Leech (Shuizhi, Hirudo) were the most frequently used CHMs in the included studies. These could be further studied as the core CHMs in treating T2DM patients with CAS. Finally, the material basis and mechanism of CHM for T2DM patients with CAS have not been clarified, and it should be revealed from the cellular, molecular and gene levels. Given the close relationship between T2DM and CAS, efforts to identify biomarkers and predictors of disease progression may help to identify patients at high risk of developing these conditions and allow for earlier and more effective intervention.
CONCLUSION
The current evidence suggests that CHM treatment has great potential in reducing CIMT and carotid plaque Crouse score, regulating glucose and lipid metabolism, improving insulin resistance and enhancing islet β-cell function for T2DM patients with CAS. However, the current evidence is insufficient to clarify the effects of CHM on vascular conditions. Meanwhile, CHM is relatively safe. We have identified commonly used CHMs, which could be considered for further research and clinical application. Given the uneven methodological quality of the included studies, limited sample size and CHM heterogeneity, the results of this study should be interpreted and applied with caution. In the future, RCTs with larger samples and higher quality are still needed to provide more accurate and reliable information on the efficacy and safety of CHM in treating T2DM patients with CAS.
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Background: This study aimed to evaluate the efficacy of Chinese patent medicines (CPMs) combined with dexrazoxane (DEX) against anthracycline-induced cardiotoxicity (AIC) and further explore their pharmacological mechanism by integrating the network meta-analysis (NMA) and network pharmacology approach.



Methods: We searched for clinical trials on the efficacy of DEX + CPMs for AIC until March 10, 2023 (Database: PubMed, Embase, Cochrane Library, Chinese National Knowledge Infrastructure, China Science and Technology Journal and China Online Journals). The evaluating outcomes were cardiac troponin I (cTnI) level, creatine kinase MB (CK-MB) level, left ventricular ejection fraction (LVEF) value, and electrocardiogram (ECG) abnormal rate. Subsequently, the results of NMA were further analyzed in combination with network pharmacology.



Results: We included 14 randomized controlled trials (RCTs) and 1 retrospective cohort study (n = 1,214), containing six CPMs: Wenxinkeli (WXKL), Cinobufotalin injection (CI), Shenqifuzheng injection (SQFZ), Shenmai injection (SM), Astragalus injection (AI) and AI + CI. The NMA was implemented in Stata (16.0) using the mvmeta package. Compared with using DEX only, DEX + SM displayed the best effective for lowering cTnI level (MD = −0.44, 95%CI [−0.56, −0.33], SUCRA 93.4%) and improving LVEF value (MD = 14.64, 95%CI [9.36, 19.91], SUCRA 98.4%). DEX + SQFZ showed the most effectiveness for lowering CK-MB level (MD = −11.57, 95%CI [−15.79, −7.35], SUCRA 97.3%). And DEX + AI + CI has the highest effectiveness for alleviating ECG abnormalities (MD = −2.51, 95%CI [−4.06, −0.96], SUCRA 96.8%). So that we recommended SM + DEX, SQFZ + DEX, and DEX + AI + CI as the top three effective interventions against AIC. Then, we explored their pharmacological mechanism respectively. The CPMs' active components and AIC-related targets were screened to construct the component-target network. The potential pathways related to CPMs against AIC were determined by KEGG. For SM, we identified 118 co-targeted genes of active components and AIC, which were significantly enriched in pathways of cancer pathways, EGFR tyrosine kinase inhibitor resistance and AGE-RAGE signaling pathway in diabetic complications. For SQFZ, 41 co-targeted genes involving pathways of microRNAs in cancer, Rap1 signaling pathway, MAPK signaling pathway, and lipid and atherosclerosis. As for AI + CI, 224 co-targeted genes were obtained, and KEGG analysis showed that the calcium signaling pathway plays an important role except for the consistent pathways of SM and SQFZ in anti-AIC.



Conclusions: DEX + CPMs might be positive efficacious interventions from which patients with AIC will derive benefits. DEX + SM, DEX + SQFZ, and DEX + AI + CI might be the preferred intervention for improving LVEF value, CK-MB level, and ECG abnormalities, respectively. And these CPMs play different advantages in alleviating AIC by targeting multiple biological processes.



KEYWORDS
anthracycline-induced cardiotoxicity, Chinese patent medicines, network meta-analysis, network pharmacology, comparative efficacy, pharmacological mechanism





1. Introduction

Anthracyclines, representative drugs such as doxorubicin, daunorubicin, and epirubicin, are the cornerstone in treating various cancers. However, dose-dependent cardiotoxicity always significantly limited the clinical application of anthracyclines (1). Research reported that cumulative doxorubicin doses of 400, 550, and 700 mg/m2 could increase the incidence of congestive heart failure by 4.7%, 26%, and 48% (2). The cumulative toxic effect on the heart will affect oncology patients' prognosis of seriously (3). Thus, the treatment and prevention of AIC is a significant challenge and cannot be ignored. So far, dexrazoxane (DEX) remains the only drug that works as a cardioprotective agent against AIC, which has been approved by the U.S. Food and Drug Administration (4, 5). But DEX inevitably induces adverse effects, such as myelosuppression and secondary malignancies (6). Hence, optimizing the clinical treatment of AIC to improve patient's quality of life deserves further exploration.

Several scholars have tried to explore some profitable ways against AIC from the perspective of the combination of traditional Chinese medicine (TCM) and western medicine. The concept of integrated TCM and western medicine originated in the 17th century (7). Long-term historical experiences show that the cooperation of TCM and western medicine may be more efficient for the cure and prevention of disease than each of them separately. Numerous studies reported the potential benefits of combined TCM and western medicine in improving tumor prognosis, reducing adverse reactions, and enhancing life quality (8–12). Recent clinical evidence indicates that the cooperation of Chinese patent medicines (CPMs) and DEX had a good effect on lowing cardiotoxicity and improving the anti-tumor efficiency of anthracyclines (13). There are kinds of CPMs commonly selected, such as Wenxinkeli (WXKL), Cinobufotalin injection (CI), Shenqifuzheng injection (SQFZ), Shenmai injection (SM), Astragalus injection (AI) and so on. However, the comparative efficacy of these CPMs in treating AIC remains unknown. And their clinical improvement characteristics, active components, and potential targets still need to be well clarified.

Therefore, for comprehensive information for clinicians to determine the optimal combination of CPMs and DEX for patients with AIC, a network meta-analysis was performed in the present study to evaluate the efficacy of different CPMs and rank their effectiveness. All of these CPMs are authorized by the China State Food and Drug Administration. At the same time, network pharmacology will further analyze the more effective CMPs with a high evidence grade to explore their anti-AIC mechanism.



2. Methods


2.1. The network meta-analysis of the combination of CPMs and DEX against AIC


2.1.1. Protocol registration and search strategies

This study protocol has been registered in the international prospective register of systematic reviews (PROSPERO) (https://www.crd.york.ac.uk/PROSPERO) (14). The registration number is CRD42022297523. We searched PubMed, Embase, Cochrane Library, Chinese National Knowledge Infrastructure (CNKI), China Science and Technology Journal (CSTJ) and China Online Journals (COJ) from inception to March 10, 2023. The initial search items were “anthracycline”, “cardiotoxicity” (title/abstract) and “randomized controlled trial” (title/abstract). The search was conducted using a combination of medical subject headings (MeSH) and free-text words, and the detailed search terms were listed in Supplementary Table S1.



2.1.2. Eligibility criteria

The inclusion criteria were: (1) Clinical trials related to AIC. (2) Patients: All included patients were diagnosed with tumors and received anthracyclines, such as epirubicin, pirarubicin, or doxorubicin. The dose and duration of drug treatment and the gender and age of patients were unlimited. (3) Interventions: before chemotherapy, the experiment group used the combination of CPMs and DEX to counteract the AIC, and the control groups only used DEX. (4) Outcomes: cardiac troponin I (cTnI), creatine kinase MB (CK-MB) or left ventricular ejection fraction (LVEF) at baseline and after chemotherapy, and the rate of abnormal electrocardiogram (ECG). (5) The language of the literature is not limited.

The exclusion criteria were: (1) Repetitive published studies. (2) Non-clinical trials. (3) Cardiotoxicity due to non-anthracycline chemotherapy. (4) Studies with incomplete or incorrect data. (5) Animal experiments, literature review, and conference abstracts.



2.1.3. Data extraction

Two investigators assessed all trials for eligibility and extracted data by screening the titles and abstracts independently. If disagreements occurred, the third investigator judged by retrieving the full articles and discussion. Data extracted included: (1) Basic information, including title, source, author, and year. (2) Baseline characteristics of the study population, containing the number of trial participants, age, and disease type. (3) Intervention details and follow-up time. (4) Key elements of the risk of bias evaluation. (5) Data on outcome indicators and outcome measures of cnTI, CK-MB or LVEF at baseline and after chemotherapy, and the rate of abnormal ECG.



2.1.4. Quality assessment

We considered the following aspects for quality assessment: random sequence generation, allocation concealment, blinding, incomplete outcome data, selective reporting, and other biases. Quality assessment was performed using Review Manager (version 5.3; The Cochrane Collaboration, London, United Kingdom). Disagreements between the two investigators were resolved by consensus.



2.1.5. Statistical analysis

We applied Stata 16 software (StataCorp, College Station, TX, United States) to perform the network meta-analyses. The normalized mean difference (MD) was calculated for continuous variables, the odds ratios (ORs) were used as the effect analysis statistic for dichotomous variables. All results were provided with its 95% confidence interval (95%CI), I2 statistics and chi-square tests were used to assess statistical heterogeneity. Fixed effects were used if there was no heterogeneity between studies (I2 < 50%, P > 0.1). If there was heterogeneity (I2 > 50%, P < 0.1), the source of heterogeneity was analyzed, and a meta-analysis was performed with random effects after excluding the influence of heterogeneity.

The mvmeta package was used for preprocessing data and drawing the network relationship of different intervention measures. Network meta-analysis (multiple treatments meta-analysis, mixed treatment comparisons) allows the comparison of any two treatments within the network even a direct comparison from a trial is not available.

Such as combine the information from direct evidence (pairwise comparisons) and indirect evidence (comparing B–C from comparisons of A–B and A–C). The outcome indicators for each intervention were ranked by plotting the surface under the cumulative ranking curve (SUCRA), which expressed a percentage of the efficacy or safety of every intervention relative to an imaginary intervention (15). A larger SUCRA score was considered to indicate a more effective or safer intervention. Comparison-adjusted funnel plots were used to assess publication bias and the effects of the small sample in included studies.




2.2. The network pharmacology analysis of CPMs against AIC


2.2.1. Acquisition of AIC-related targets

AIC-related targets were obtained from the Genecards database (https://www.genecards.org/) and the DisGeNET database (http://www.disgenet.org/) (16). The search phrases contained “anthracycline-induced cardiotoxicity”, “anthracycline-induced heart failure”, “anthracycline-induced cardiomyopathy”, “adriamycin-induced heart failure”, “doxorubicin-induced cardiotoxicity”, and “doxorubicin-induced cardiomyopathy”. The database of AIC-related targets was established after removing repetitions.



2.2.2. Screen of CPMs-related targets

The basic information of the effective components and compounds of CMPs were obtained through various literature search. The related targets of CPMs components were obtained from the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP, http://tcmspw.com/tcmsp.php) and the SwissTargetPrediction database (STP, http://www.swisstargetprediction.ch/) (17, 18). The canonical SMILES information of each ingredient was obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov/) and was imported into the STP to predict the potential targets (19). Only the targets with probability >0.11 were retained. Then, the Uniprot Knowledgebase (http://www.uniprot.org/) was used for gene standardization (20). The overlapping part of the AIC-related targets and CPMs-related targets are the targets of this article that we researched. VENNY2.1 (https://bioinfogp.cnb.csic.es/tools/venny/) was used to obtain the Venn diagram and their intersection targets (21).



2.2.3. Construction of protein-protein interaction network

To further identify the core regulatory targets, The protein-protein interaction (PPI) network was performed by submitting the overlapping targets of active ingredients to the STRING database (https://string-db.org/) (22), which is used for searching known and predicted interactions between proteins. The species were selected as “Homo sapiens”, and score >0.4 was set as statistically significant. The obtained protein interaction relationship results were exported in TSV format, and the acquired data were imported into Cytoscape 3.8.2 (23). Then, the topological analysis was performed, and targets with a degree value greater than the median were selected as the high correlation targets for further research.



2.3.4. Analysis of functional enrichment

To clarify the role of core targets in gene function, Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis were performed via R packages (24). Bubbles and histograms were used to visualize the result. Pathways with adjusted P < 0.01 were considered statistically significant. The terms were selected for visualization according to the P-value.





3. Results


3.1. The network meta-analysis of the combination of CPMs and DEX against AIC

We searched a total of 2,977 articles. After the movement of 537 duplicate references and the deletion of 2,196 irrelevant studies, the full text of the remaining 244 references was scanned. Then, we excluded 227 studies with inconsistent intervention, 1 conference abstract, and 1 literature without qualitative outcomes. Finally, the remaining 15 published studies comprised 14 RCTs and 1 retrospective cohort study, including 1,214 participants and 7 therapy regimens, were available for the network meta-analysis (25–39). The study selection flow chart is shown in Figure 1.
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FIGURE 1
Flow chart of study selection.



3.1.1. Study characteristics

We selected DEX as the control to compare the effects of different DEX + CPMs interventions on AIC. Six DEX + CPMs interventions include DEX + WXKL, DEX + CI, DEX + SQFZ, DEX + SM, DEX + AI, DEX + AI + CI. Among included 15 RCTs, 12 studies reported the improvement of LVEF value, 8 studies reported a reduction in cTnI level, 7 studies reported a decrease in CK-MB level and 11 studies reported the rate of abnormal ECG in patients. Levels of cTnI and CK-MB as early predictive markers for AIC, which could significantly increase after cardiac injury and reflect the sensitive change of abnormal myocardial status (40). LVEF is an indicator for monitoring cardiac function, the LVEF value with a drop of 10% from the baseline to an absolute value of <50% is commonly used in identifying ACT (41). ECG is also widely used as an initial screening tool for AIC (42). ECG can display a variety of non-specific abnormalities, covering ST-T segment elevation, sinus tachycardia, atrioventricular block and malignant premature beat (43). The comparative efficacy of these DEX + CPMs in treating AIC was performed by network meta-analysis. Detailed characteristics of all included studies are shown in Table 1. The information of main CMPs were shown in the Supplementary Table S2.


TABLE 1 General characteristics in a network meta-analysis of the therapy of anthracycline-induced cardiotoxicity patients.
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3.1.2. Quality assessment

Two investigators independently assessed the risk of bias in the included studies and cross-checked the results. Data were collated from 15 published articles comprising 14 RCTs and 1 retrospective cohort study. 14 RCTs were all assigned in random group. Concretely, 5 RCTs performed the “random number table” method, 1 RCT used the “treatment order” method, 1 RCT employed the “medication method”, and the rest studies failed to specify the randomization method. All studies did not report allocation concealment. Blinding was assessed as an unclear source of bias because of insufficient information. Regarding data completeness, selective reporting and other aspects showed a low risk of bias. The results of a detailed bias evaluation are shown in Figure 2.


[image: Figure 2]
FIGURE 2
Results of risk of bias assessment.




3.1.3. Outcome of cTnI level

As shown in Figure 3A, 7 studies containing 5 therapeutic regimens (DEX + CI, DEX + SQFZ, DEX + SM, DEX + AI, DEX + AI + CI) reported the cTnI level. The network meta-analysis results in the cTnI level are displayed in Figure 4A. The cTnI level in different DEX + CPMs treatments were significantly decreased compared with DEX treatment. The detailed comparative statistics were DEX + CI vs. DEX (MD = −0.22, 95% CI [−0.41, −0.03]), DEX + SQFZ vs. DEX (MD = −0.16, 95% CI [−0.38, 0.06]), DEX + SM vs. DEX (MD = −0.44, 95% CI [−0.56, −0.33]), DEX + AI vs. DEX (MD = −0.09, 95% CI [−0.42, 0.24]), DEX + AI + CI vs. DEX (MD = −0.33, 95% CI [−0.68, 0.02]).
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FIGURE 3
Network map for all outcomes. (A) cTnI. (B) CK-MB. (C) LVEF. (D) Rate of abnormal of ECG. (E) ST-T change abnormal. (F) Sinus tachycardia. (G) Atrioventricular block. (H) Premature beat. (DEX, Dexrazoxane; DEX + WXKL, Dexrazoxane combined with Wenxinkeli; DEX + CI, Dexrazoxane combined with Cinobufotalin injection; DEX + SQFZ, Dexrazoxane combined with Shenqifuzheng injection; DEX + SM, Dexrazoxane combined with Shenmai injection; DEX + AI, Dexrazoxane combined with Astragalus injection; DEX + AI + CI, Dexrazoxane combined with Astragalus with Cinobufotalin injection). The size of every node is proportional to the number of participants (sample size). Lines represent the available direct comparisons between pairs of treatments. Their width is proportional to the number of trials comparing every pair of treatments.
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FIGURE 4
Forest plot of the studies included. (A) cTnI. (B) CK-MB. (C) LVEF. (D) Rate of abnormal of ECG. (E) ST-T change abnormal. (F) Sinus tachycardia. (G) Atrioventricular block. (H) Premature beat (DEX, Dexrazoxane; DEX + WXKL, Dexrazoxane combined with Wenxinkeli; DEX + CI, Dexrazoxane combined with Cinobufotalin injection; DEX + SQFZ, Dexrazoxane combined with Shenqifuzheng injection; DEX + SM, Dexrazoxane combined with Shenmai injection; DEX + AI, Dexrazoxane combined with Astragalus injection; DEX + AI + CI, Dexrazoxane combined with Astragalus with Cinobufotalin injection).


Among these 5 DEX + CPMs therapeutic regimens, the larger SUCRA indicated the better effect in reducing the cTnI level. According to Figures 5A, 6A, the rank of effective medication regimen was DEX + SM (SUCRA = 93.4%), DEX + AI + CI (SUCRA = 72.7%), DEX + CI (SUCRA = 54.8%), DEX + SQFZ (SUCRA = 42.6%), DEX + AI (SUCRA = 28.1%). These data indicate that the patients treated with DEX + SM had the highest probability of reducing the cTnI level.
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FIGURE 5
The surface under the cumulative ranking curve (SUCRA) is shown for each treatment. (A) cTnI. (B) CK-MB. (C) LVEF. (D) Rate of abnormal of ECG. (E) ST-T change abnormal. (F) Sinus tachycardia. (G) Atrioventricular block. (H) Premature beat (DEX, Dexrazoxane; DEX + WXKL, Dexrazoxane combined with Wenxinkeli; DEX + CI, Dexrazoxane combined with Cinobufotalin injection; DEX + SQFZ, Dexrazoxane combined with Shenqifuzheng injection; DEX + SM, Dexrazoxane combined with Shenmai injection; DEX + AI, Dexrazoxane combined with Astragalus injection; DEX + AI + CI, Dexrazoxane combined with Astragalus with Cinobufotalin injection).
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FIGURE 6
SUCRA rank of each intervention. (A) cTnI. (B) CK-MB. (C) LVEF. (D) Rate of abnormal of ECG. (E) ST-T change abnormal. (F) Sinus tachycardia. (G) Atrioventricular block. (H) Premature beat (DEX, Dexrazoxane; DEX + WXKL, Dexrazoxane combined with Wenxinkeli; DEX + CI, Dexrazoxane combined with Cinobufotalin injection; DEX + SQFZ, Dexrazoxane combined with Shenqifuz)heng injection; DEX + SM, Dexrazoxane combined with Shenmai injection; DEX + AI, Dexrazoxane combined with Astragalus injection; DEX + AI + CI, Dexrazoxane combined with Astragalus with Cinobufotalin injection).




3.1.4. Outcome of CK-MB level

From Figure 3B, 7 studies containing 5 therapeutic regimens (DEX + CI, DEX + SQFZ, DEX + SM, DEX + AI, DEX + AI + CI) reported the CK-MB level. The network meta-analysis results in Figure 4B showed that the cTnI level in different DEX + CPMs treatments were lower than in the DEX treatment. The detailed comparative statistics were DEX + CI vs. DEX (MD = −2.63, 95% CI [−5.40, 0.15]), DEX + SQFZ vs. DEX (MD = −11.57, 95% CI [−15.79, −7.35]), DEX + SM vs. DEX (MD = −8.12, 95% CI [−10.44, −5.80]), DEX + AI vs. DEX (MD = −2.46, 95% CI [−5.57, 0.65]), and DEX + AI + CI vs. DEX (MD = −6.96, 95% CI [−10.67, −3.25]).

From the Figures 5B, 6B, SQFZ + DEX was the most effective treatment in reducing the CK-MB level for its SUCRA value of 97.3%, followed by DEX + SM (75.5%), DEX + AI + CI (66.6%), DEX + CI (30.4%), DEX + AI (28.2%), and DEX (1.9%). The above results demonstrate that the patients with DEX + SQFZ treatment had the highest probability of decreasing the CK-MB level.



3.1.5. Outcome of LVEF value

In Figure 3C, 12 studies covering six therapeutic regimens (DEX + CI, DEX + SQFZ, DEX + SM, DEX + AI, DEX + AI + CI, and DEX + WXKL) assessed the change in LVEF value. The network meta-analysis results in Figure 4C showed that DEX + SM administration (MD = 14.64, 95% CI [9.36, 19.91]) could significantly increase the LVEF value more than the DEX treatment. At the same time, the other five therapeutic regimens all had no significant differences in the LVEF value from the DEX treatment. And their detailed comparative statistics were DEX + WXKL vs. DEX (MD = 3.19, 95% CI [−7.28, 13.66]), DEX + CI vs. DEX (MD = 3.71, 95% CI [−2.28, 9.69]), DEX + SQFZ vs. DEX (MD = 3.76, 95% CI [−2.37, 9.90]), DEX + AI vs. DEX (MD = 2.19, 95% CI [−5.03, 9.41]), DEX + AI + CI vs. DEX (MD = 5.88, 95% CI [−3.59, 15.34]).

As shown in Figures 5C, 6C, the highest SUCRA value of DEX + SM treatment (98.4%) meant the effective improvement of LVEF, followed by DEX + AI + CI (61.0%), DEX + CI (48.4%), DEX + SQFZ (48.2%), DEX + WXKL (43.8%), DEX + AI (35.8%), and DEX (14.6%). These data indicate that the patients with DEX + SM treatment had the highest probability of improving LVEF value.



3.1.6. Outcome of the abnormal rate of ECG

As displayed in Figure 3D, 11 studies, including 6 therapeutic regimens (DEX + CI, DEX + SQFZ, DEX + SM, DEX + AI, DEX + AI + CI, and DEX + WXKL), calculated the abnormal rate of ECG. The network meta-analysis results in Figure 4D exhibited that intervention protocols of DEX + WXKL, DEX + CI, DEX + SM, DEX + AI, and DEX + AI + CI all had significant improvement in the abnormal rate of ECG when compared with DEX treatment (MD = −1.42, 95% CI [−2.36, −0.48]; MD = −0.20, 95% CI [−0.92, 0.52]; MD = −1.15, 95% CI [−1.72, −0.58]; MD = −0.47, 95% CI [−1.26, 0.31]; MD = −2.51, 95% CI [−4.06, −0.96], respectively), whereas DEX + SQFZ administration (MD = −0.20, 95% CI [−1.43, 1.03]) showed no apparent alleviation in the abnormal rate of ECG.

According to Figures 5D, 6D, the DEX + AI + CI administration displayed the most effective reduction in the abnormal rate of ECG with a SUCRA value of 96.8%, followed by treatment of DEX + WXKL (77.4%), DEX + SM (69.7%), DEX + AI (40.1%), DEX + SQFZ (27.7%), and DEX + CI (25.3%), and DEX (13.2%). These data imply that the patients with DEX + AI + CI treatment had the highest probability of alleviating the abnormal rate of ECG.



3.1.7. Outcome of ST-T segment alteration rates

From Figure 3E, 10 studies covering 6 therapeutic regimens (DEX + CI, DEX + SQFZ, DEX + SM, DEX + AI, DEX + AI + CI, and DEX + WXKL) compared the ECG ST-T segment alteration rates. The network meta-analysis results in Figure 4E showed that intervention protocols of DEX + WXKL, DEX + CI, DEX + SM, DEX + AI, and DEX + AI + CI all significantly decreased the ST-T segment alteration rates when compared with DEX treatment (MD = −1.79, 95% CI [−3.37, −0.22]; MD = −0.29, 95% CI [−1.43, 0.86]; MD = −0.70, 95% CI [−1.83, 0.42]; (MD = −0.29, 95% CI [−1.52, 0.94]; MD = −1.50, 95% CI [−3.71, 0.71], respectively), whereas DEX + SQFZ administration (MD = −0.77, 95% CI [−2.55, 1.01]) had no obvious effect in reducing the ST-T segment (ECG Change) alteration rates.

As shown in Figures 5E, 6E, the DEX + WXKL administration displayed the most effective reduction in the ST-T segment alteration rates with a SUCRA value of 85.1%, followed by DEX + AI + CI (74.4%), DEX + SM (52.6%), DEX + SQFZ (52.0%), DEX + CI (34.5%), DEX + AI (33.9%), and DEX (17.5%). These data suggest that the patients with DEX + WXKL treatment had the highest probability of reducing the ST-T segment alteration rates.



3.1.8. Outcome of sinus tachycardia

As shown in Figure 3F, 6 studies including 5 therapeutic regimens (DEX + CI, DEX + SM, DEX + AI, DEX + AI + CI, and DEX + WXKL), reported the improvement of sinus tachycardia. The network meta-analysis results in Figure 4F displayed that only three therapeutic regimens of CPMs and DEX showed a potent effect in improving sinus tachycardia than DEX treatment, including DEX + CI (MD = −0.39, 95% CI [−1.67, 0.89]), DEX + AI (MD = −0.88, 95% CI [−2.21, 0.44]), and DEX + AI + CI (MD = −2.33, 95% CI [−5.28, 0.62]). And there were no evident differences in sinus tachycardia improvement observed in WXKL + DEX (MD = −1.14, 95% CI [−3.44, 1.16]), DEX + SM (MD = −0.49, 95% CI [−2.61, 1.64]) when compared with DEX treatment.

The SUCRA in Figures 5F, 6F exhibited that the DEX + AI + CI administration had the most potent in improving sinus tachycardia with a SUCRA value of 84.3%, followed by DEX + WXKL (60.9%), DEX + AI (57.1%), DEX + SM (42.0%), DEX + CI (36.9%) and DEX (18.7%). These data indicate that the patients with DEX + AI + CI treatment had the highest probability of sinus tachycardia improvement.



3.1.9. Outcome of atrioventricular block

From Figure 3G, 6 studies, involving 3 therapeutic regimens (DEX + WXKL, DEX + CI, DEX + SM), reported the improvement of the atrioventricular block. The network meta-analysis results in Figure 4G revealed that only DEX + SM administration (MD = −1.33, 95% CI [−2.67, 0.01]) could more significantly ameliorate atrioventricular block than DEX treatment. And other arms, such as DEX + WXKL (MD = −0.43, 95% CI [−2.26, 1.41]) and DEX + CI (MD = −0.21, 95% CI [−3.00, 2.58]), showed no significant differences in atrioventricular block improvement compared with DEX treatment. At the same time, the SUCRA value of DEX + SM administration (83.8%) also indicates that the patients with DEX + SM treatment had the highest probability of relieving atrioventricular block.



3.1.10. Outcome of premature beat

As shown in Figure 3H, 5 studies covering 5 therapeutic regimens (DEX + CI, DEX + SM, DEX + AI, DEX + AI + CI, and DEX + WXKL) reported the improvement of premature beat. The network meta-analysis results in Figure 4H showed that all five therapeutic regimens could improve the premature beat more than the DEX treatment, including DEX + WXKL (MD = −0.76, 95% CI [−2.20, 0.69]), DEX + CI (MD = −0.43, 95% CI [−1.64, 0.79]), DEX + SM (MD = −1.10, 95% CI [−2.21, 0.00]), DEX + AI (MD = −1.07, 95% CI [−2.46, 0.31]), DEX + AI + CI (MD = −1.73, 95% CI [−3.92, 0.47]).

Additionally, as shown in Figures 5H, 6H, the SUCRA of DEX + AI + CI (79.6%) demonstrates that patients had the highest probability of relieving premature beat with DEX + AI + CI treatment, followed by DEX + SM (64.5%), DEX + AI (62.3%), DEX + WXKL (49.8%), DEX + CI (33.0%), and DEX (10.8%).



3.1.11. Publication bias

The abnormal rate of ECG was set as an outcome indicator for publication bias which is plotted in Figure 7. From symmetry in the funnel plot, the studies are roughly symmetrically distributed on either side of the midline, indicating that a small sample effect is less likely to exist. There is insufficient evidence to support the publication bias.
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FIGURE 7
Comparison-correction funnel plot. (A, Dexrazoxane; B, Dexrazoxane combined with Wenxinkeli; C, Dexrazoxane combined with Cinobufotalin injection; D, Dexrazoxane combined with Shenqifuzheng injection; E, Dexrazoxane combined with Shenmai injection; F, Dexrazoxane combined with Astragalus injection; G, Dexrazoxane combined Astragalus with Cinobufotalin injection with).





3.2. The network pharmacology analysis of CPMs against AIC


3.2.1. Effective interventions

We analyzed the characteristics of the 6 different DEX + CPMs interventions against AIC from the network meta-analysis. DEX + SM, DEX + SQFZ and DEX + AI + CI are the top three recommended interventions. Subsequently, the pharmacological mechanism of SM, SQFZ, and AI + CI against AIC was performed separately with the network pharmacology.



3.2.2. Targets screen

Through searching the prescribed database, we screened out 2,205 AIC-related targets. For SM, 232 herb targets were obtained from reported literature, and 118 co-targets from herb and AIC were intersected in Figure 8A. For SQFZ, 93 herb targets were acquired, and 41 co-targets from herb and AIC were intersected in Figure 9A. As for AI + CI, 521 herb targets were received, and 224 co-targets from herb and AIC were crossed in Figure 10A.
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FIGURE 8
Analysis of target genes about shenmai injection. (A) Venn diagram of component target genes and disease target genes. The green circle stands for effective component target genes. The red circle stands for AIC target genes, and the intersection genes are shown in the middle. (B) The PPI network of the intersection genes. (C) Network topology analysis to screen the hub targets. (D) Component-Target Network of the active components and the target genes. (E) KEGG enrichment analysis of hub genes.
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FIGURE 9
Analysis of target genes about shenqifuzheng injection. (A) Venn diagram of component target genes and disease target genes. The green circle stands for effective component target genes. The red circle stands for AIC target genes, and the intersection genes are shown in the middle. (B) The PPI network of the intersection genes. (C) Network topology analysis to screen the hub targets. (D) Component-Target Network of the active components and the target genes. (E) KEGG enrichment analysis of hub genes.
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FIGURE 10
Analysis of target genes about Astragalus with cinobufotalin injection. (A) Venn diagram of component target genes and disease target genes. The green circle stands for effective component target genes. The red circle stands for AIC target genes, and the intersection genes are shown in the middle. (B) The PPI network of the intersection genes. (C) Network topology analysis to screen the hub targets. (D) Component-Target Network of the active components and the target genes. (E) KEGG enrichment analysis of hub genes.




3.2.3. PPI network

As shown in Figures 8B, 9B, 10B, the co-targets of selected CPMs (SM, SQFZ, AI + CI) and AIC were respectively imported into the String platform. The PPI network of SM against AIC contains 118 nodes and 1,283 edges, and the median degree value screened out 60 core targets. Its top 10 hub genes are shown in Figure 8C: TP53, ESR1, EGFR, STAT3, AKT1, CCND1, MTOR, ERBB2, TNF, and PIK3CA. The PPI network of SQFZ against AIC contains 41 nodes and 147 edges, and the median degree value screened out 20 core targets. Its top 10 hub genes are shown in Figure 9C: GAPDH, EGFR, EZH2, MCL1, TNF, MAPK14, MAPK1, IL2, PTGS2 and ABL1. The PPI network of AI + CI contains 224 nodes and 2,908 edges, and the median degree value screened out 121 core targets. Its top 10 hub genes are shown in Figure 10C: GAPDH, EGFR, CASP3, TNF, CTNNB1, VEGFA, ESR1, HSP90AA1, MTOR and CCND1.



3.2.4. Component-target network

As shown in Figures 8D, 9D, 10D, the core ingredients and targets of selected CPMs (SM, SQFZ, AI + CI) against AIC were imported into Cytoscape 3.8.2 to establish the component-target (C-T) network. The C-T network of SM against AIC contains 14 active compounds and 176 targets, and its active components include beta-elemene, uridine, stigmasterol, ruscogenin, Parisaponin I, orchinol, ophiopogonin D, ophiopogonanone E, n-trans-feruloyltyramine, Notoginsenoside R1, guanosine, ginsenoside Rg1, ginsenoside Rf, diosgenin. The C-T network of SQFZ against AIC contains 9 active compounds and 55 targets, and its active components include uridine, ononin, lobetyolin, guanosine, cytidine, astragaloside VI, astragaloside II, adenine and adenosine. The C-T network of AI + CI against AIC contains 53 active compounds and 651 targets, and its active components mainly include isoastragaloside II, adenosine, uridine, cycloastragenol, ethenzamide, cholesterol, formononetin, glycine, calycosin and phenylalanine.



3.2.5. KEGG enrichment analysis

KEGG enrichment analysis was performed with the co-targets of selected CPMs (SM, SQFZ, AI + CI) and AIC respectively.

The KEGG pathway annotation indicated that 267 pathways were yielded. The top 10 KEGG pathways in Figure 8E except some abnormal transcription of cancers, were mainly including EGFR tyrosine kinase inhibitor resistance and AGE-RAGE signaling pathway in diabetic complications. And their detailed characteristics were listed in Supplementary Table S3.

The KEGG pathway annotation indicated that 205 pathways were yielded. The top 10 KEGG pathways in Figure 9E were mainly including lysine degradation, microRNAs in cancer, Rap1 signaling pathway, MAPK signaling pathway, C-type lectin receptor signaling pathway and lipid and atherosclerosis, and their characteristics were listed in Supplementary Table S4.

The KEGG pathway annotation indicated that 276 pathways were yielded. The top 10 KEGG pathways in Figure 10E were mainly including AGE-RAGE signaling pathway in diabetic complications, EGFR tyrosine kinase inhibitor resistance, MicroRNAs in cancer, calcium signaling pathway, and serotonergic synapse and Rap1 signaling pathway except some abnormal transcription of cancers, and their characteristics were listed in Supplementary Table S5.





4. Discussion

AIC clinically encompasses any cardiac complications containing early myocardial injury that can lead to acute or chronic left ventricular dysfunction and, subsequently, irreversible heart failure (44). From a contemporary cohort of 2,625 anthracycline-treated patients, AIC incidence was up to 9% after a median time of 5.2 years (45). Several studies have reported favorable advantages of combining CPMs and western medicine treatments in alleviating AIC (46, 47). To evaluate the efficacy of CPMs combined with DEX against AIC, and further explore their effective pharmacological mechanism, we adopted a combination of network meta-analysis and network pharmacological approach.


4.1. The network meta-analysis of the combination of CPMs and DEX against AIC

Network meta-analysis could compare multiple treatments simultaneously and consider other potential sources of heterogeneity (48), which could better identify the best approach for against AIC. According to the network meta-analysis results, all DEX + CPMs treatments could significantly relieve the AIC when compared with the DEX alone. The leading evaluating indicators include cTnI level, CK-MB level, LVEF value, and ECG abnormal rate. cTnI and CK-MB are the representative indexes of myocardial zymograms, and always as blood biomarkers identified to detect cardiac damage (49). The elevated levels of cTnI and CK-MB could reflect the changes in myocardial injury degree in different periods (50, 51). Our results revealed that five DEX + CPMs interventions (DEX + CI, DEX + SQFZ, DEX + SM, DEX + AI, and DEX + AI + CI) could significantly decrease the levels of cTnI and CK-MB. Among those effective interventions, DEX + SM treatment has higher advantages in lowering the cTnI level, and DEX + SQFZ treatment has higher advantages in reducing the CK-MB level. LVEF is the common index in assessing left ventricular systolic function and is usually employed in the early detection of cardiotoxicity (52). It is worth noting that DEX + SM treatment also has significant advantages over other therapies in improving LVEF value. ECG could reflect various states of the subject's heart, such as the origin of the rhythm, beat frequency, myocardial ischemia or not, and electrolyte changes in the body (53). The abnormal ECG related to suspicion of cardiotoxicity includes ST-T segment change, sinus tachycardia, atrioventricular block, and premature beat. Depression or elevations of the ST-T segment was the best indicator of myocardial blood supply, premature beat could trigger sustained arrhythmias and cause cardiomyopathies (54), and atrioventricular block and sinus tachycardia were also the most common myocarditis complication (55). Our results exhibited that DEX + WXKL treatment was the most effective in improving the ST-T segment, DEX + SM treatment was the best intervention in mitigating atrioventricular block, and DEX + AI + CI treatment was the best intervention in relieving both sinus tachycardia and premature beat.

In general, DEX + SM, DEX + SQFZ, and DEX + AI + CI were the top three recommended interventions against AIC from the network meta-analysis in the present study. Subsequently, we conducted network pharmacological analysis on the top three interventions to explore their potential mechanism of anti-AIC respectively.



4.2. The network pharmacology analysis of CPMs against AIC

Network pharmacology is a promising way to understand disease mechanisms and medication action mechanisms in the context of larger biological networks (56), which is conducive to exploring the target research of DEX + CPMs against AIC. However, DEX as a western medicine with a single component, which mechanism and targets have been clearly reported. That both chelate iron and target topoisomerase 2 alpha (top2α) (57). Therefore, the multi-component and multi- target of CMPs became the core content of our exploration under the network pharmacology.

SM, a commonly used CPMs for treating cardiovascular diseases in the clinic, consists of extractions from Red Ginseng (Chinese name: Hongshen) and Radix Ophiopogonis (Chinese name: Maidong) (58, 59). It was widely used in cardiovascular diseases and has a certain synergistic effect when combined with chemotherapy drugs, which could reduce the side effects caused by chemotherapy drugs. Some studies have shown that SM can reduce AIC by regulating inflammation and restoring cardiac dysfunction (60). The network pharmacological analysis collected 14 components and 176 potential targets of SM against AIC. Several identified components in SM have been reported with therapeutic effects on cardiac diseases, which supported our results of network prediction. For example, beta-elemene could alleviate heart failure by blocking lipid-induced inflammatory pathways (61). The cardiovascular protection effects of stigmasterol have been widely documented (62–64). Saponins, including ginsenosides, ophiopogonin, and diosgenin, are regarded as effective options for anti-AIC (65–67). From target prediction and pathway analysis, EGFR tyrosine kinase inhibitor resistance may play a vital role in the pharmacological mechanism of SM against AIC. As we all know, the abnormal cardiomyocyte homeostasis induced by autophagy is essential for AIC occurrence, and EGFR tyrosine kinase inhibitor has been reported could induce autophagy in cancer cells (68, 69). Meanwhile, literature reported that EGFR tyrosine kinase inhibitor could activate mitochondrial apoptosis, which is also a crucial factor for AIC (70). All evidence implied that the anti-AIC effect of SM may relate with inhibiting autophagy and mitochondrial apoptosis through regulating the EGFR tyrosine kinase inhibitor resistance pathway. In addition, the AGE-RAGE signaling pathway in diabetic complications may be another important pathway for SM against AIC from our results. Literature showed that AGE-RAGE signaling activation could stimulate inflammation response to exaggerate inflammatory cell influx into the susceptible myocardium (71), while targeting the AGE-RAGE pathway is a potential therapeutic strategy for ameliorating myocardial injury (72). And AGE-RAGE signaling cascade could result in numerous profibrotic growth factors secretion and collagen deposition, which may contribute to the left ventricle stiffness, one of the clinical manifestations of AIC (73, 74). Thus, the AGE-RAGE signaling pathway in diabetic complications might be the critical pathway of SM in improving anthracycline-induced left ventricular dysfunction.

SQFZ is concocted from Radix Astragali (Chinese name: Huangqi) and Radix Codonopsis (Chinese name: Dangshen), and is clinically suggested as a complementary treatment of chemotherapy, and clinical practices suggest that SQFZ has therapeutic effects on cardiovascular diseases (75, 76). Intensive researches reported that SQFZ exerts protective through improving myocardial energy metabolism, inhibiting cell adhesion and inflammatory reaction, and reducing myocardial apoptosis and avoiding ventricular remodel (77). The network pharmacological analysis collected 9 components and 55 potential targets of SQFZ against AIC. Among anti-AIC components of SQFZ, several members have been recognized by published studies. For instance, ononin, a natural isoflavone glycoside, could alleviate endoplasmic reticulum stress in AIC by modulating apoptosis-related signaling pathways (78). Astragaloside is reported as an active agent for AIC inhibition by inhibiting autophagy and oxidative stress (79–81). From target prediction and pathway analysis, the pharmacological mechanism of SQFZ against AIC may associate with microRNAs in cancer, Rap1 signaling pathway, MAPK signaling pathway and lipid and atherosclerosis. MicroRNAs play an essential role in gene regulation associated with cardiotoxicity-related cell death, apoptosis, and differentiation (82). Several miRNAs were identified as biomarkers of AIC, such as miR-1, miR-126, and miR-210 (83). Recently studies also indicated that the targeted therapy of microRNA could alleviate AIC (84, 85) Moreover, research shows that inhibition of the MAPK signaling pathway could effectively alleviate AIC by regulating apoptosis (86). And the lipid-lowering drugs were confirmed as promising cardioprotective agents in AIC patients (87). In the next step, experimental validation could be carried out for a more confirmed mechanism of SQFZ against AIC.

AI is the extraction of Radix Astragali, and is generally used in viral myocarditis, enteritis, and hepatitis (88). CI is the extraction of cinobufotalin (Chinese name: Huachansu), which is the major anti-tumor component isolated from toad venom and has been used clinically for various cancers (89). These were both seen to be commonly used CPMs in clinical practice, as complementary treatment to recommended Western therapies. AI could enhance myocardial contractility, improve circulation, protect myocardial cells and regulate immunity (90). CI has a shortening effect on action potential duration and an inhibitory effect on Na+, K (+)-ATPase activity along with its cardiotonic effect (91). The network pharmacological analysis collected 53 components and 651 potential targets of AI + CI against AIC. The top 10 components identified from the C-T network of AI + CI against AIC have shown anti-cardiotoxicity activity in published studies, indicating their potentiality in anti-ACT (92). From target prediction and pathway analysis, there are several co-pathways of AI + CI, SM, and SQFZ in treating AIC. For the anti-AIC mechanism of AI + CI and SM, pathways of EGFR tyrosine kinase inhibitor resistance and the AGE-RAGE signaling pathway in diabetic complications both play important roles. As for the anti-AIC mechanism of AI + CI and SQFZ, microRNAs in cancer and the Rap1 signaling pathway were significantly enriched. It may relate to some same ingredients of herbs in these CPMs. Notably, the calcium signaling pathway is the unique enrichment pathway of AI + CI against AIC, compared with SM and SQFZ. Calcium ion overload is well known to be vital in the pathogenesis of heart dysfunctions, especially arrhythmia. The pathological cellular Ca2+ overload could lead to an accelerated beating rhythm in ventricular myocytes and caused arrhythmia (93). Moreover, the doxorubicin metabolite could target calsequestrin type 2, increasing cytoplasmic Ca2+ concentration, and triggering an arrhythmogenic state (94). These results might explain why AI + CI treatment has advantages in improving ECG abnormalities of cardiotoxic substances.




5. Limitations

Inevitably, there are some limitations in our study. Firstly, the effectiveness of DEX + CPMs treatments against AIC still needs further validation with more long-term and high-quality population samples. Secondly, it is inevitable to choose multiple-drug chemotherapy schemes considering the complex condition of tumor patients in clinically, RCTs that use only anthracycline chemotherapy regimens need to be included as much as possible in the future, in order to eliminate interference from other factors. Thirdly, included studies had inadequate descriptions of randomization, allocation concealment, and blinding method, which may lead to baseline wander. Finally, this study was based on data analysis only, and further in vivo and in vitro experiments are necessary to support our results.



6. Conclusion

We conducted a network meta-analysis integrated with network pharmacology analysis to compare the efficacy of different DEX + CPMs treatments against AIC, and explore their potential pharmacological mechanisms. Multifaceted evidence revealed that DEX + CPMs treatments have obvious advantages over DEX alone in anti-AIC. DEX + SM, DEX + SQFZ, and DEX + AI + CI might be the preferred intervention for improving LVEF value, CK-MB level, and ECG abnormalities. And network pharmacology discovered that CPMs has the characteristics of multiple pathways, multiple components, and multiple targets in alleviating AIC. Collectively, the present study will provide clinicians and researchers with detailed comparisons of therapeutic strategies and references.



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

BZ conceived the study. YR, YW, and XD independently extracted data. YY and ZL checked the accuracy of the data and assessed the quality of the included studies. YR and YW wrote the manuscript. XZ and ZL revised the manuscript. All authors read and approved the final manuscript.



Funding

This study was supported by the National Natural Science Foundation of China (No. 82274117).



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.



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/fcvm.2023.1126110/full#supplementary-material.



References

1. Narezkina A, Nasim K. Anthracycline cardiotoxicity. Circ Heart Fail. (2019) 12:e005910. doi: 10.1161/CIRCHEARTFAILURE.119.005910

2. Wang Y, Rao Y, Lin Z, Sa R, Yin Y, Zhang X, et al. Current status and trends of research on anthracycline-induced cardiotoxicity from 2002 to 2021: a twenty-year bibliometric and visualization analysis. Oxid Med Cell Longev. (2022) 2022:6260243. doi: 10.1155/2022/6260243

3. Henriksen PA. Anthracycline cardiotoxicity: an update on mechanisms, monitoring and prevention. Heart. (2018) 104:971–7. doi: 10.1136/heartjnl-2017-312103

4. Cai F, Luis MAF, Lin X, Wang M, Cai L, Cen C, et al. Anthracycline-induced cardiotoxicity in the chemotherapy treatment of breast cancer: preventive strategies and treatment. Mol Clin Oncol. (2019) 11:15–23. doi: 10.3892/mco.2019.1854

5. Zhang H, Wang Z, Liu Z, Du K, Lu X. Protective effects of dexazoxane on rat ferroptosis in doxorubicin-induced cardiomyopathy through regulating HMGB1. Front Cardiovasc Med. (2021) 8:685434. doi: 10.3389/fcvm.2021.685434

6. Zamorano JL, Lancellotti P, Muñoz DR, Aboyans V, Asteggiano R, Galderisi M, et al. 2016 ESC position paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC committee for practice guidelines. Kardiol Pol. (2016) 74:1193–233. doi: 10.5603/KP.2016.0156

7. Shin SS. Development of integrated traditional Chinese and western medicine and change of medical policy in China. Uisahak. (1999) 8:207–32.

8. Lampe H, Halle B, Freund M. Western and Chinese medicine in oncology and hematology. Forsch Komplementmed. (2011) 18:185–91. doi: 10.1159/000330935

9. Guo XY, Liu J, Liu J, Li HJ, Qi Y, Qin LP, et al. Use of traditional Chinese medicine in Chinese patients with coronary heart disease. Biomed Environ Sci. (2013) 26:303–10. doi: 10.3967/0895-3988.2013.04.009

10. Gao J, Wang X, Li L, Zhang H, He R, Han B, et al. Block matching pyramid algorithm-based analysis on efficacy of shexiang baoxin pills guided by echocardiogram (ECG) on patients with angina pectoris in coronary heart disease. J Healthc Eng. (2021) 6:3819900. doi: 10.1155/2021/3819900

11. Liu Z, Li G, Ma Y, Lin L. The effects of aspirin with combined compound danshen dropping pills on hemorheology and blood lipids in middle-aged and elderly patients with CHD: a systematic review and meta-analysis. Front Public Health. (2021) 9:664841. doi: 10.3389/fpubh.2021.664841

12. Wang WJ, Zhang T. Integration of traditional Chinese medicine and western medicine in the era of precision medicine. J Integr Med. (2017) 15:1–7. doi: 10.1016/S2095-4964(17)60314-5

13. Chen T, Shen HM, Deng ZY, Yang ZZ, Zhao RL, Wang L, et al. A herbal formula, SYKT, reverses doxorubicin-induced myelosuppression and cardiotoxicity by inhibiting ROS-mediated apoptosis. Mol Med Rep. (2017) 15:2057–66. doi: 10.3892/mmr.2017.6272

14. Sideri S, Papageorgiou SN, Eliades T. Registration in the international prospective register of systematic reviews (PROSPERO) of systematic review protocols was associated with increased review quality. J Clin Epidemiol. (2018) 100:103–10. doi: 10.1016/j.jclinepi.2018.01.003

15. Salanti G, Ades AE, Ioannidis JP. Graphical methods and numerical summaries for presenting results from multiple-treatment meta-analysis: an overview and tutorial. J Clin Epidemiol. (2011) 64:163–71. doi: 10.1016/j.jclinepi.2010.03.016

16. He S, Wang T, Shi C, Wang Z, Fu X. Network pharmacology-based approach to understand the effect and mechanism of Danshen against anemia. J Ethnopharmacol. (2022) 282:114615. doi: 10.1016/j.jep.2021.114615

17. Ru J, Li P, Wang J, Zhou W, Li B, Huang C, et al. TCMSP: a database of systems pharmacology for drug discovery from herbal medicines. J Cheminform. (2014) 6:13. doi: 10.1186/1758-2946-6-13

18. Daina A, Michielin O, Zoete V. Swisstargetprediction: updated data and new features for efficient prediction of protein targets of small molecules. Nucleic Acids Res. (2019) 47(W1):W357–64. doi: 10.1093/nar/gkz382

19. Kim S, Chen J, Cheng T, Gindulyte A, He J, He S, et al. Pubchem in 2021: new data content and improved web interfaces. Nucleic Acids Res. (2021) 49(D1):D1388–95. doi: 10.1093/nar/gkaa971

20. Consortium U. Uniprot: the universal protein knowledgebase in 2021. Nucleic Acids Res. (2021) 49:D480–9. doi: 10.1093/nar/gkaa1100

21. Jia A, Xu L, Wang Y. Venn diagrams in bioinformatics. Brief Bioinform. (2021) 22:bbab108. doi: 10.1093/bib/bbab108

22. Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, et al. The STRING database in 2021: customizable protein-protein networks, and functional characterization of user-uploaded gene/measurement sets. Nucleic Acids Res. (2021) 49:D605–12. doi: 10.1093/nar/gkaa1074

23. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al. Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res. (2003) 13:2498–504. doi: 10.1101/gr.1239303

24. Zhu Y, Yu J, Zhang K, Feng Y, Guo K, Sun L, et al. Network pharmacology analysis to explore the pharmacological mechanism of effective Chinese medicines in treating metastatic colorectal cancer using meta-analysis approach. Am J Chin Med. (2021) 49(8):1839–70. doi: 10.1142/S0192415X21500877

25. Ren JL, Wu S, Jia HY. Clinical treatment of dextramine combined with wenxinkeli to reduce the cardiotoxicity of anthracycline induced breast cancer patients. Chin J Integr Med on Cardio Cerebrovasc Dis. (2020) 16:2747–9. doi: 10.12102/j.issn.1672-1349.2020.16.051

26. Wang SY, Wang XC, Chen SY, Wang WL, Lv JY, Gao WB. A multicenter prospective clinical study of shenqi fuzheng injection in preventing and treating anthracycline cardiotoxicity in elderly patients. J Inner Mongolia Minzu Univer (Nat Sci). (2020) 4:336–9. doi: 10.14045/j.cnki.15-1220.2020.04.011

27. Jiang ZH, Zhang GJ, Xu LL, Cao ZY. Effect of dexamethasone combined with astragalus injection on cardiac toxicity after Adriamycin chemotherapy. Int J Lab Med. (2018) 11:1383–5. doi: 10.3969/j.issn.1673-4130.2018.11.029

28. Lv ZH, Jiang SQ. Influence of combined treatment of dexrazoxane and shenmai injection on reducing cardiotoxicity in the acute leukemia chemotherapy. J Trop Med. (2017) 5:633–6. doi: 10.3969/j.issn.1672-3619.2017.05.021

29. Wang X, Fang JF, Mu XM. Clinical study of dexrazoxane combined with shen mai injection for protecting the heart before chemotherapy of hematological neoplasms. Chin Comm Doctors. (2017) 13:69–70. doi: 10.3969/j.issn.1007-614x.2017.13.43

30. Chen SZ, Qi XM, Qian DY, Yuan BJ. Clinical observation on shenqi fuzheng injection in preventing cardiotoxicity of anthracycline. J Clin Med Pract. (2017) 9:163–164+167. doi: 10.7619/jcmp.201709049

31. Lin WB. Observation on protective effect of dexrazoxane combined with shenmai injection on cardiac toxicity induced by anthracyclines drugs. Clin Med Eng. (2016) 12:1661–2. doi: 10.3969/j.issn.1674-4659.2016.12.1661

32. Zhang ZJ. The value of dexrazoxane and shenmai injection in reducing the central organ toxicity of chemotherapy in patients with acute leukemia. Contemp Med Symp. (2016) 20:99–100. CNKI:SUN:QYWA.0.2016-20-073

33. Zhang GW. Influences of dexrazoxane monotherapy combined with huachansu injection on Adriamycin induced cardiotoxicity in malignant tumor patients. Pract J Cancer. (2016) 7:1202–6. doi: 10.3969/j.issn.1001-5930.2016.07.050

34. Yu W, Guo ZQ, Xie RX, Fan F. Clinical observation of the reduction of anthracycline-induced cardiotoxicity in patients with breast cancer by dexrazoxane combined with shenmai injection. China Pharm. (2015) 32:4562–4. doi: 10.6039/j.issn.1001-0408.2015.32.35

35. Wang X. Study of dexrazoxane combined with shenmai injection in treatment of cardiotoxicity for patients with acute leukemia during chemotherapy. Med J Chin People’s Health. (2015) 12:86–8. doi: 10.3969/j.issn.1672-0369.2015.12.048

36. Luo RF, Liu M, Zhang SC. Protective effects of Astragalus injection/huachansu injection combined with dexrazoxane against Adriamycin related cardiac toxicity. Chin J Hosp Pharm. (2015) 7:629–32. doi: 10.13286/j.cnki.chinhosppharmacyj.2015.07.18

37. Feng Q. Clinical study on the reduction of cardiotoxicity in breast cancer patients treated with FAC chemotherapy regimen by dexrazoxane combined with shenqi fuzheng injection. Jilin J Tradit Chin Med. (2014) 3:256–9. doi: 10.13463/j.cnki.jlzyy.2014.03.014

38. Wang X. Clinical study on dextrimide combined with shenmai to reduce the cardiotoxicity of anthracycline. Med J Chin People’s Health. (2014) 5:47–8. doi: 10.3969/j.issn.1672-0369.2014.05.022

39. Zhuang HF, Zhang Y, Cai JH, Shen JP. Clinical study on anthracycline cardiotoxicity reduction by dexrazoxane combined with shen mai injection. Chin J Clin Oncol. (2012) 6:348–51. doi: 10.3969/j.issn.1000-8179.2012.06.013

40. Stachowiak P, Milchert-Leszczyńska M, Falco M, Polakowska M, Wojtarowicz A, Kaliszczak R, et al. The role of biochemical markers with special regard to troponin, CK-MB, NT-proBNP as early biomarkers of cardiotoxicity among women after chemotherapy due to breast cancer. Przegl Lek. (2016) 73:359–63.9668198

41. Cardinale D, Iacopo F, Cipolla CM. Cardiotoxicity of anthracyclines. Front Cardiovasc Med. (2020) 7:26. doi: 10.3389/fcvm.2020.00026

42. Kinoshita T, Yuzawa H, Natori K, Wada R, Yao S, Yano K, et al. Early electrocardiographic indices for predicting chronic doxorubicin-induced cardiotoxicity. J Cardiol. (2021) 77:388–94. doi: 10.1016/j.jjcc.2020.10.007

43. Buttà C, Zappia L, Laterra G, Roberto M. Diagnostic and prognostic role of electrocardiogram in acute myocarditis: a comprehensive review. Ann Noninvasive Electrocardiol. (2020) 25:e12726. doi: 10.1111/anec.12726

44. Totzeck M, Schuler M, Stuschke M, Heusch G, Rassaf T. Cardio-oncology—strategies for management of cancer-therapy related cardiovascular disease. Int J Cardiol. (2019) 280:163–75. doi: 10.1016/j.ijcard.2019.01.038

45. Cardinale D, Colombo A, Bacchiani G, Tedeschi I, Meroni CA, Veglia F, et al. Early detection of anthracycline cardiotoxicity and improvement with heart failure therapy. Circulation. (2015) 131:1981–8. doi: 10.1161/CIRCULATIONAHA.114.013777

46. Shi J, Li J, Li J, Li R, Wu X, Gao F, et al. Synergistic breast cancer suppression efficacy of doxorubicin by combination with glycyrrhetinic acid as an angiogenesis inhibitor. Phytomedicine. (2021) 81:153408. doi: 10.1016/j.phymed.2020.153408

47. Qu J, Ke F, Yang X, Wang Y, Xu H, Li Q, et al. Induction of P-glycoprotein expression by dandelion in tumor and heart tissues: impact on the anti-tumor activity and cardiotoxicity of doxorubicin. Phytomedicine. (2022) 104:154275. doi: 10.1016/j.phymed.2022.154275

48. Hayden JA, Ellis J, Ogilvie R, Stewart SA, Bagg MK, Stanojevic S, et al. Some types of exercise are more effective than others in people with chronic low back pain: a network meta-analysis. J Physiother. (2021) 67:252–62. doi: 10.1016/j.jphys.2021.09.004

49. Yuan M, Zang L, Xu A, Gong M, Liu Q, Huo B, et al. Dynamic changes of serum heart type-fatty acid binding protein in cancer patients treated with immune checkpoint inhibitors. Front Pharmacol. (2021) 12:748677. doi: 10.3389/fphar.2021.748677

50. Kim J, Hashim IA. The clinical utility of CK-MB measurement in patients suspected of acute coronary syndrome. Clin Chim Acta. (2016) 456:89–92. doi: 10.1016/j.cca.2016.02.030

51. Ananthan K, Lyon AR. The role of biomarkers in cardio-oncology. J Cardiovasc Transl Res. (2020) 13:431–50. doi: 10.1007/s12265-020-10042-3

52. Posch F, Niedrist T, Glantschnig T, Firla S, Moik F, Kolesnik E, et al. Left ventricular ejection fraction and cardiac biomarkers for dynamic prediction of cardiotoxicity in early breast cancer. Front Cardiovasc Med. (2022) 9:933428. doi: 10.3389/fcvm.2022.933428

53. John AD, Fleisher LA. Electrocardiography: the ECG. Anesthesiol Clin. (2006) 24:697–715. doi: 10.1016/j.atc.2006.08.005

54. Bagliani G, Della Rocca DG, De Ponti R, Capucci A, Padeletti M, Natale A. Ectopic beats: insights from timing and morphology. Card Electrophysiol Clin. (2018) 10:257–75. doi: 10.1016/j.ccep.2018.02.013

55. Atallah-Yunes SA, Kadado AJ, Kaufman GP, Hernandez-Montfort J. Immune checkpoint inhibitor therapy and myocarditis: a systematic review of reported cases. J Cancer Res Clin Oncol. (2019) 145:1527–57. doi: 10.1007/s00432-019-02927-x

56. Niu M, Zhang S, Zhang B, Yang G, Li Y. Interpretation of “guidelines for web-based pharmacologic evaluation methods. Chin Herb Med. (2021) 52:4119–29. doi: 10.7501/j.issn.0253-2670.2021.14.001

57. Rao VA. Iron chelators with topoisomerase-inhibitory activity and their anticancer applications. Antioxid Redox Signal. (2013) 18:930–55. doi: 10.1089/ars.2012.4877

58. Liu WY, Zhang JW, Yao XQ, Jiang C, He JC, Ni P, et al. Shenmai injection enhances the cytotoxicity of chemotherapeutic drugs against colorectal cancers via improving their subcellular distribution. Acta Pharmacol Sin. (2017) 38:264–76. doi: 10.1038/aps.2016.99

59. Li L, Li J, Wang Q, Zhao X, Yang D, Niu L, et al. Shenmai injection protects against doxorubicin-induced cardiotoxicity via maintaining mitochondrial homeostasis. Front Pharmacol. (2020) 11:815. doi: 10.3389/fphar.2020.00815

60. Zhang S, You ZQ, Yang L, Li LL, Wu YP, Gu LQ, et al. Protective effect of shenmai injection on doxorubicin-induced cardiotoxicity via regulation of inflammatory mediators. BMC Complement Altern Med. (2019) 19:317. doi: 10.1186/s12906-019-2686-2

61. Shao M, Wang M, Ma L, Wang Q, Gao P, Tian X, et al. β-elemene blocks lipid-induced inflammatory pathways via PPARβ activation in heart failure. Eur J Pharmacol. (2021) 910:174450. doi: 10.1016/j.ejphar.2021.174450

62. Kukreja RC, Salloum FN, Das A. Cyclic guanosine monophosphate signaling and phosphodiesterase-5 inhibitors in cardioprotection. J Am Coll Cardiol. (2012) 59:1921–7. doi: 10.1016/j.jacc.2011.09.086

63. Morgan LV, Petry F, Scatolin M, de Oliveira PV, Alves BO, Zilli GAL, et al. Investigation of the anti-inflammatory effects of stigmasterol in mice: insight into its mechanism of action. Behav Pharmacol. (2021) 32:640–51. doi: 10.1097/FBP.0000000000000658

64. Choudhary SP, Tran LS. Phytosterols: perspectives in human nutrition and clinical therapy. Curr Med Chem. (2011) 18:4557–67. doi: 10.2174/092986711797287593

65. Wan Y, Wang J, Xu JF, Tang F, Chen L, Tan YZ, et al. Panax ginseng and its ginsenosides: potential candidates for the prevention and treatment of chemotherapy-induced side effects. J Ginseng Res. (2021) 45:617–30. doi: 10.1016/j.jgr.2021.03.001

66. Li C, Gou X, Gao H. Doxorubicin nanomedicine based on ginsenoside Rg1 with alleviated cardiotoxicity and enhanced antitumor activity. Nanomedicine (Lond). (2021) 16:2587–604. doi: 10.2217/nnm-2021-0329

67. Chen CT, Wang ZH, Hsu CC, Lin HH, Chen JH. In vivo protective effects of diosgenin against doxorubicin-induced cardiotoxicity. Nutrients. (2015) 7:4938–54. doi: 10.3390/nu7064938

68. Dirks-Naylor AJ. The role of autophagy in doxorubicin-induced cardiotoxicity. Life Sci. (2013) 93:913–6. doi: 10.1016/j.lfs.2013.10.013

69. Fung C, Chen X, Grandis JR, Duvvuri U. EGFR tyrosine kinase inhibition induces autophagy in cancer cells. Cancer Biol Ther. (2012) 13:1417–24. doi: 10.4161/cbt.22002

70. Sereno M, Brunello A, Chiappori A, Barriuso J, Casado E, Belda C, et al. Cardiac toxicity: old and new issues in anti-cancer drugs. Clin Transl Oncol. (2008) 10:35–46. doi: 10.1007/s12094-008-0150-8

71. Yan SF, Ramasamy R, Schmidt AM. The RAGE axis: a fundamental mechanism signaling danger to the vulnerable vasculature. Circ Res. (2010) 106:842–53. doi: 10.1161/CIRCRESAHA.109.212217

72. Kumar R, Bhargava P, Suchal K, Bhatia J, Arya DS. Targeting AGE-RAGE signaling pathway by saxagliptin prevents myocardial injury in isoproterenol challenged diabetic rats. Drug Dev Res. (2021) 82:589–97. doi: 10.1002/ddr.21779

73. Zhao J, Randive R, Stewart JA. Molecular mechanisms of AGE/RAGE-mediated fibrosis in the diabetic heart. World J Diabetes. (2014) 5:860–7. doi: 10.4239/wjd.v5.i6.860

74. Burr SD, Jr SJ. Extracellular matrix components isolated from diabetic mice alter cardiac fibroblast function through the AGE/RAGE signaling cascade. Life Sci. (2020) 250:117569. doi: 10.1016/j.lfs.2020.117569

75. Dong J, Su SY, Wang MY, Zhan Z. Shenqi fuzheng, an injection concocted from Chinese medicinal herbs, combined with platinum-based chemotherapy for advanced non-small cell lung cancer: a systematic review. J Exp Clin Cancer Res. (2010) 29:137. doi: 10.1186/1756-9966-29-137

76. Zhang H, Chen T, Shan L. Shenqi FuZheng injection as an adjunctive treatment to chemotherapy in breast cancer patients: a meta-analysis. Pharm Biol. (2019) 57:612–24. doi: 10.1080/13880209.2019.1660383

77. Liao J, Hao C, Huang W, Shao X, Song Y, Liu L, et al. Network pharmacology study reveals energy metabolism and apoptosis pathways-mediated cardioprotective effects of shenqi fuzheng. J Ethnopharmacol. (2018) 227:155–65. doi: 10.1016/j.jep.2018.08.029

78. Zhang H, Weng J, Sun S, Zhou J, Yang Q, Huang X, et al. Ononin alleviates endoplasmic reticulum stress in doxorubicin-induced cardiotoxicity by activating SIRT3. Toxicol Appl Pharmacol. (2022) 452:116179. doi: 10.1016/j.taap.2022.116179

79. Qu PR, Jiang ZL, Song PP, Liu LC, Xiang M, Wang J. Saponins and their derivatives: potential candidates to alleviate anthracycline-induced cardiotoxicity and multidrug resistance. Pharmacol Res. (2022) 182:106352. doi: 10.1016/j.phrs.2022.106352

80. Luo LF, Qin LY, Wang JX, Guan P, Wang N, Ji ES. Astragaloside IV attenuates the myocardial injury caused by Adriamycin by inhibiting autophagy. Front Pharmacol. (2021) 12:669782. doi: 10.3389/fphar.2021.669782

81. Lin J, Fang L, Li H, Li Z, Lyu L, Wang H, et al. Astragaloside IV alleviates doxorubicin induced cardiomyopathy by inhibiting NADPH oxidase derived oxidative stress. Eur J Pharmacol. (2019) 859:172490. doi: 10.1016/j.ejphar.2019.172490

82. Pellegrini L, Sileno S, D'Agostino M, Foglio E, Florio MC, Guzzanti V, et al. MicroRNAs in cancer treatment-induced cardiotoxicity. Cancers (Basel). (2020) 12:704. doi: 10.3390/cancers12030704

83. Pereira JD, Tosatti JAG, Simões R, Luizon MR, Gomes KB, Alves MT. microRNAs associated to anthracycline-induced cardiotoxicity in women with breast cancer: a systematic review and pathway analysis. Biomed Pharmacother. (2020) 131:110709. doi: 10.1016/j.biopha.2020.110709

84. Zhao L, Qi Y, Xu L, Tao X, Han X, Yin L, et al. MicroRNA-140-5p aggravates doxorubicin-induced cardiotoxicity by promoting myocardial oxidative stress via targeting Nrf2 and Sirt2. Redox Biol. (2018) 15:284–96. doi: 10.1016/j.redox.2017.12.013

85. Han D, Wang Y, Wang Y, Dai X, Zhou T, Chen J, et al. The tumor-suppressive human circular RNA CircITCH sponges miR-330-5p to ameliorate doxorubicin-induced cardiotoxicity through upregulating SIRT6, survivin, and SERCA2a. Circ Res. (2020) 127:e108–25. doi: 10.1161/CIRCRESAHA.119.316061

86. Zhang L, Feng M, Wang X, Zhang H, Ding J, Cheng Z, et al. Peptide szeto-schiller 31 ameliorates doxorubicin-induced cardiotoxicity by inhibiting the activation of the p38 MAPK signaling pathway. Int J Mol Med. (2021) 47:63. doi: 10.3892/ijmm.2021.4896

87. Haybar H, Goudarzi M, Mehrzadi S, Aminzadeh A, Khodayar MJ, Kalantar M, et al. Effect of gemfibrozil on cardiotoxicity induced by doxorubicin in male experimental rats. Biomed Pharmacother. (2019) 109:530–5. doi: 10.1016/j.biopha.2018.10.101

88. Liu K, Wan G, Jiang R, Zou L, Wan D, Zhu H, et al. Astragalus injection ameliorates lipopolysaccharide-induced cognitive decline via relieving acute neuroinflammation and BBB damage and upregulating the BDNF-CREB pathway in mice. Pharm Biol. (2022) 60:825–39. doi: 10.1080/13880209.2022.2062005

89. Qi J, Zulfiker AHM, Li C, Good D, Wei MQ. The development of toad toxins as potential therapeutic agents. Toxins (Basel). (2018) 10:336. doi: 10.3390/toxins10080336

90. Fu S, Zhang J, Menniti-Ippolito F, Gao X, Galeotti F, Massari M, et al. Huangqi injection (a traditional Chinese patent medicine) for chronic heart failure: a systematic review. PLoS One. (2011) 6:e19604. doi: 10.1371/journal.pone.0019604

91. Hirai Y, Morishita S, Ito C, Sakanashi M. Effects of bufadienolides and some kinds of cardiotonics on Guinea pig hearts. Nihon Yakurigaku Zasshi. (1992) 100:127–35. doi: 10.1254/fpj.100.127

92. Lu X, Lu L, Gao L, Wang Y, Wang W. Calycosin attenuates doxorubicin-induced cardiotoxicity via autophagy regulation in zebrafish models. Biomed Pharmacother. (2021) 137:111375. doi: 10.1016/j.biopha.2021.111375

93. Sun GB, Sun H, Meng XB, Hu J, Zhang Q, Liu B, et al. Aconitine-induced Ca2+ overload causes arrhythmia and triggers apoptosis through p38 MAPK signaling pathway in rats. Toxicol Appl Pharmacol. (2014) 279:8–22. doi: 10.1016/j.taap.2014.05.005

94. Sala V, Della Sala A, Hirsch E, Ghigo A. Signaling pathways underlying anthracycline cardiotoxicity. Antioxid Redox Signal. (2020) 32:1098–114. doi: 10.1089/ars.2020.8019



		ORIGINAL RESEARCH
published: 05 May 2023
doi: 10.3389/fphar.2023.1135264


[image: image2]
Chuanxiong improves angiogenesis via the PI3K/AKT/Ras/MAPK pathway based on network pharmacology and DESI-MSI metabolomics
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Introduction: Chuanxiong, a traditional Chinese medicine, has been proved to treat a variety of cardiovascular and cerebrovascular diseases by promoting angiogenesis. However, the mechanisms of Chuanxiong’s pro-angiogenesis is currently unknown. This study aimed to uncover the effect and mechanisms of Chuanxiong promoting angiogenesis in vivo and in vitro.
Methods: First, potential targets were predicted by network pharmacology analysis, and PPI network was established and the pathways were enriched. Then, the chorioallantoic membrane test on quails was applied to assess the proangiogenic effects in vivo. As well, to evaluate the effects in vitro, real-time PCR, western blot analysis, the scratch test, and the tube formation experiment were used. Subsequently, the major metabolic pathways were analyzed using non-targeted metabolomics.
Results: As a result of network pharmacological analysis, 51 collective targets of Chuanxiong and angiogenesis were identified, which are mainly associated with PI3K/AKT/Ras/MAPK pathway. And the biological verification results showed that Chuanxiong could increase the vessel numbers and vessel area in qCAM models. Meanwhile, Chuanxiong contributed to HUVEC proliferation, tube formation, migration, by encouraging scratch healing rates and boosting tube branch points. In addition, the levels of VEGFR2, MAPK and PI3K were elevated compared to the control group. The western blot analysis also confirmed Chuanxiong could promote an increase in AKT, FOXO1 and Ras. Furtheremore, metabolomic results showed that the proangiogenic effect of Chuanxiong is associated with glycine, serine and threonine metabolism.
Discussion: In conclusion, this study clarified that Chuanxiong could promote angiogenesis in vivo and in vitro via regulating PI3K/AKT/Ras/MAPK pathway.
Keywords: Chuanxiong, angiogenesis, network pharmacology, DESI-MSI metabolomics, mechanism
1 INTRODUCTION
Angiogenesis is an important physiological process involved in almost all diseases, and it specifically plays an important role in the treatment of myocardial infarction, stroke, cerebral embolism, and other ischemic diseases (Apte et al., 2019). Therefore, targeted stimulation of angiogenesis-related pathways will provide a new treatment option for these diseases. At present, the main techniques for therapeutic angiogenesis are as follows: up-regulating the expression of related cell growth factors (Miyagawa et al., 2002) and promoting the proliferation and migration of vascular endothelial cells (Duan et al., 2019). However, traditional drugs for angiogenic diseases easily cause dizziness, hypotension, and bradycardia. With low prices, few adverse reactions, and almost no drug resistance, traditional Chinese medicine has gradually become a new research hotspot in the treatment of angiogenic diseases.
The dry root and rhizome of Ligusticum chuanxiong Hort., is a kind of traditional Chinese medicine named Chuanxiong. Numerous pharmacological investigations suggest that it has an impact on the circulatory, digestive, and central nervous systems. So a wide range of cardiovascular and cerebrovascular diseases were cured by Chuanxiong, including hypertension, cerebral infarctions, angina pectoris, and coronary heart disease (Ran et al., 2011). According to the ancient Chinese medicine book “Shen Nong’s Herbal,” Chuanxiong has a pungent taste and is warm in nature, and its material distribution is the liver and heart. It could promote blood and qi circulation and relieve the pain. According to the Chinese medicine classic “Compendium of Materia Medica,” Chuanxiong could treat blood deficiency. According to the “Chinese Pharmacopoeia,” Chuanxiong was used to treat chest stuffiness and pains, headache, and angina pectoris. Modern studies have shown that a critical component of the treatment of Chuanxiong’s cardiovascular and cerebrovascular illnesses is the proangiogenic effects (Shi et al., 2019), but the mechanism is still unclear.
In this study, we used a network pharmacology approach to identify the potential targets and pathways of Chuanxiong in the effect of angiogenesis. The integration of metabolomics and network pharmacology results showed that Chuanxiong improves angiogenesis via the PI3K/AKT/Ras/MAPK pathway. Furthermore, to investigate potential underlying mechanisms via which Chuanxiong transmitted the promotion effects on HUVEC proliferation and angiogenesis, we performed both in vitro and in vivo tests. In addition, we used Western blotting and RT-PCR to verify that Chuanxiong could increase the expression of key proteins in PI3K/AKT/RAS/MAPK pathways. In conclusion, our results demonstrated that Chuanxiong could promote angiogenesis via PI3K/AKT/RAS/MAPK pathways, which paves the way for the potential treatment of Chuanxiong for the various vascular diseases.
2 MATERIALS AND METHODS
2.1 Network pharmacology analysis
First, the active ingredients of Chuanxiong were screened from the TCMSP database (Ru et al., 2014) (https://www.tcmsp-e.com/). To find the active ingredients, the DL value should be less than 0.18, and the OB value should be less than 30%. Second, each ingredient’s SMILE and SDF files were obtained from the PubChem database (Kim et al., 2019) (https://pubchem.ncbi.nlm.nih.gov/). Third, the targets associated with Chuanxiong were ascertained from SwissTargetPrediction. The targets related to Chuanxiong were demonstrated in SwissTargetPrediction (Daina et al., 2019) (http://www.swisstargetprediction.ch/). We chose the targets with probability values less than 0. Using “angiogenesis” as the search term, we used the DrugBank (https://www.drugbank.com/) to extract angiogenesis-related targets. The obtained Chuanxiong targets and disease targets were topologically calculated by Cytoscape 3.7.1, and the “drug–ingredient–disease–target” network was performed. Based on Chuanxiong targets for angiogenesis, protein–protein interactions (PPIs) were gathered from STRING (https://cn.string-db.org/cgi/input.pl).The network of PPI was constructed, and the topological features of the network were analyzed to screen out the core targets that play a crucial role in the PPI network. We used Metascape to perform GO enrichment and KEGG pathway enrichment analyses of target genes, screening results with a p-value of 0.01, a minimum count of 3, and an enrichment factor of 1.5%.
2.2 Chemicals and reagents
Quail hatching embryos were obtained from the Qingfeng Aichongyuan livestock farm, Shandong Rizhao, China. HUVEC cell lines were obtained from the Chinese Academy of Medical Sciences. Dulbecco’s modified Eagle’s medium (DMEM), heat-inactivated fetal bovine serum (FBS), streptomycin, and penicillin were obtained from Thermo Scientific (Waltham, United States). Power SYBR Green PCR Master Mix reagents and gel embedding medium were obtained from Sigma-Aldrich (St. Louis, Missouri, United States. Methanol (≥99.9%), pyridine (≥99%), and acetonitrile (HPLC grade) were obtained from Beijing Chemical Plant Co. Ltd. (Beijing, China). Compounds 2-chloro-L-phenylalanine (≥98%) and N, O-Bis (trimethylsilyl) trifluoroacetamide with 1% trimethylchlorosilane (BSTFA +1% TMCS) were obtained from Shyuanye Biochemical Co., Ltd. (Shanghai, China; CAS number 103616-89-3, 25,561-30-2). Double-distilled water was purified from the Millipore water purification system (Millipore, Bedford, MA, United States). Methoxyamine hydrochloride (≥98%) and thiazolyl blue tetrazolium bromide (MTT, ≥98%) were purchased from Beijing Biorigin Biotechnology Co., Ltd. (Beijing, China). Tetrahydropalmatine (CAS No.2934-97-6,99.6%) and tert-butylhydroperoxide (CAS No.75.91.2, 99.6%) were purchased from Innochem (Beijing, China).
2.3 Preparation of extracts from Chuanxiong for qCAM and cell assays
The Chuanxiong decoction was purchased from Beijing Tong Ren Tang (Beijing, China). The Chuanxiong decoction was pulverized into powder using a disintegrator and sieved through a 24-mesh sieve. Then, 60 g of Chuanxiong powder was extracted with the 10-fold volume of deionized water for 60 min and refluxed four times (1 h/reflux). The filtrate is combined and used for lyophilization. The Chuanxiong extract was stored as a lyophilized powder at −20°C after 3 days of lyophilization.
2.4 Quail chick chorioallantoic membrane (qCAM) assay
Quail eggs (10 ± 2 g; 10/group) were incubated in an egg incubator under specific pathogen-free conditions, such as maintaining at 37°C and 60% humidity. The eggs were separated into five groups at random, namely, negative control, positive control, low dose (1 mg/mL), medium dose (2 mg/mL), and high dose (4 mg/mL), comprising 10 eggs per group. After 7 days of incubation, a window was opened on the egg shell, the medicine (1mL/egg) is injected into the egg through the window, and then, the eggs were put back in the incubator after the window was taped shut. After 48 h of treatment and subsequent incubation at 37°C, the in vivo system of vascular microcirculation was observed in the embryos by optical coherence tomography (OPTPPRORE MICRO-VCCULTIM, Beijing HealthOlight Technology Co., Ltd., China). Then, the CAMs were excised, unfolded, and photographed. The pictures were analyzed on the MATLAB platform.
2.5 RNA isolation and real-time PCR analysis
The TRIzol Reagent RA First Strand cDNA Synthesis Kit and an ABI Prism 7,500 sequence detection kit were used to isolate the total RNA from HUVEC samples. Life Technologies (Invitrogen; Thermo Fisher Scientific, Inc., MA United States) provided the specific VEGFR2, PI3K, and MAPK primers. The primer sequences are as follows: VEGFR2 primers were forward, 5′- AGC​ATA​GAC​AGC​CCT​TTG​GT -3′ and reverse 5′- CAC​AAT​CTC​TGC​TGG​TGC​AA -3′; PI3K primers were forward, 5′-ACT​GCC​GAG​AGA​TTT​TCC​CAC -3′ and reverse, 5′- TCA​CTC​ATC​TGT​CGC​AGG​CA -3′; and MAPK primers were forward, 5′- GAG​AGA​TGT​CTA​CAT​TGT​GCA​GGA​C -3′ and reverse, 5′- AAT​CTT​AAG​GTC​GCA​GGT​GGT​G -3’ (reverse primer). We used human GAPDH as an internal reference.
2.6 Cell viability assay
HUVECs were cultivated in Dulbecco's modified Eagle’s medium supplemented with 15% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 g/mL streptomycin. In addition, 37°C, 5% CO2, and 100% humidity were the conditions used to sustain the cultures. When the cells reached 70%–80% confluence, HUVECs were digested and centrifuged. Then, one 96-well plate of HUVECs was seeded for 24 h at 37°C before it was added for an additional 24 h of incubation. A Bio-Rad 550 spectrophotometer plate reader was used to detect the optical density at 550 nm (Bio-Rad, CA, United States).
2.7 Wound scratch assay
HUVECs were cultured in 24-well plates until forming a monolayer. A clean scratch was made down the middle of the cell using a sterile pipette tip. Images of the same location were photographed using a light microscope (@10X, Nikon Eclipse TiE, Japan). Using Image-Pro Plus (version 5.0, National Institutes of Health, United States), we calculated the cell migration distance.
2.8 Tube formation assay
An assay for the closure of scratch wounds was used to investigate cell migration. In a 96-well plate, HUVECs were grown at a density of 1 × 104 cells/cm2 with a basement membrane matrix (Corning Matrigel, CAS number 356234) until the cell confluence reached 100%, and then, Chuanxiong was added for additional 6 h. Light microscopy (@10X, Nikon Eclipse TiE, Japan) and Image-Pro Plus (version 5.0, National Institutes of Health, United States) was used to measure the length of the tubes and capture pictures of the tube networks.
2.9 GC-MS-based metabolomics analysis for qCAM samples
2.9.1 Quail sample handling
In an optimal cutting temperature (OCT) compound, quail samples were solidified at 40°C. The samples were constantly sliced with a thickness of 15 μm. Then, the DESI-MSI system was used to scan them.
2.9.2 Mass spectrometry conditions
The scan area’s dimensions (X, Y, and outline) were measured and scanned in accordance with the sections using the DESI and SYNAPT HDMS G2-Si system (Waters, MA, United States). On the scanning platform, the sample slices were fixed. The scan’s parameters are as follows. Vertical displacement was set as 0 mm, scan line spacing was set as 0.15 mm, and the delayed start was set as 6 s. The scan speed was set as 0.1 mm/s. For mass spectrometry, a desorption electrospray ionization source (DESI) was used. The voltage of the electrospray was 5.0 kV. The spray solution utilized was 90% methanol, and the flow rate was set at 1.5 L/min. The nebulizer’s setting was 100 pis. The distance between pixels was 50–200 m. A mass range of 80–1,000 m/z was chosen.
2.9.3 Data processing and pattern recognition analysis
Data preprocessing was carried out using MarkerLynx (Waters, MA, United States). With the aid of MetaboAnalyst 5.0 (Quebec, Canada, https://www.metaboanalyst.ca/home.xhtml), data were analyzed and the metabolic pathway was obtained. The findings of the t-test (p <0.05), the ANOVA (p< 0.05), and the fold change value (>1.5) were used to filter out significant differences. Using the online METLIN database, variables with substantial changes were identified as prospective biomarkers for provisional identification. MetaboAnalyst 5.0 was used to conduct pathway analysis based on the discovered biomarkers.
2.10 Western blotting
The cell samples from the cell lines were extracted using lysis buffer ultrasonically in ice. After 10 min of centrifugation at 4°C at a speed of 12,000 rpm, the supernatant was collected. Then, the concentration was measured using the BCA kit (Beyotime) according to the manufacturer’s instructions. SDS-PAGE gel electrophoresis was used to separate the proteins, and they were then transferred to a polyvinylidene fluoride film. After blocking in 5% BSA for 1 h, the membranes were treated with the corresponding primary antibodies (1:1,000) at 4°C overnight. After washing, the membranes were then incubated with the corresponding alkaline phosphatase-conjugated secondary antibodies (1:1,000) for 1 h. The Tanon 4200 SF Chemiluminescent Imaging System (Shanghai Tanon, Shanghai, China) was used to expose the membranes.
2.11 Statistical analysis
Data were analyzed by SPSS 16.0 software (Chicago, IL, United States). The data are displayed as mean ± standard deviation. In order to compare different groups, one-way analysis (ANOVA) of variance was used. Each two groups were contrasted using the independent t-test. These data discrepancies were deemed statistically significant when the differences reached a p-value of 0.05.
3 RESULTS
3.1 Chuanxiong promotes angiogenesis via multiple targets according to network analysis
The TCMSP database had 189 active components of Chuanxiong in total, and seven active ingredients satisfied the criteria of OB value ≥30% and DL value ≥0.18. Then, 627 targets were obtained by SwissTargetPrediction. A total of 4,975 targets related to angiogenesis were obtained from the DrugBank. The intersection of component and angiogenesis targets yielded 51 common targets, and the drug–ingredient–disease–target network was constructed (Figure 1A).
[image: Figure 1]FIGURE 1 | Results of network pharmacology for investigating potential mechanisms of Chuanxiong in angiogenesis: (A) Drug–ingredient–target–pathway network. The orange diamonds are active components of Chuanxiong, and the purple ellipse nodes are the related targets: (B) Target protein interaction network of Chuanxiong from IPA; deeper colors represent higher node connectivity. (C) Top 20 pathway terms enriched by the KEGG database. (D) Enriched top 10 GO pathways in the biological process, cellular component terms, and molecular function terms.
The target interaction network graph is obtained with the confidence score set at 0.4 (Figure 1B). The nodes represent differentially expressed proteins, and the edges represent their interactions. There were 51 nodes and 203 edges in the network. Seven nodes with degrees higher than or equal to the median (degree = 8) of all nodes were selected as the core components and core targets of Chuanxiong in angiogenesis, including PPARG, HDAC1, CDK4, JAK2, HSP90AA1, CASP3, and SYAT3. These targets might be crucial to Chuanxiong’s ability to affect angiogenesis. A total of 44 cellular component terms, 81 molecular function terms, and 439 biological process terms were significantly enriched by GO enrichment analysis. The top 10 enriched pathways with significant differences were selected to construct a bubble chart (Figure 1C). Similarly, according to the p-value, the top 20 pathways in the KEGG enrichment study are shown (Figure 1D).
3.2 Chuanxiong leads to increased angiogenesis in a dose-dependent manner in qCAM
Using qCAM tests, Chuanxiong’s effectiveness in inhibiting angiogenesis was assessed (Figure 2A), and Pos was selected as the positive control according to previous studies. A measure of 1, 2, and 4 mg/mL were determined as different doses based on the previous dose screening results. Compared to the control group, the vessel numbers and vessel area significantly (p < 0.05) increased in the medium- and high-dose group (Figure 2B). It indicated that Chuanxiong has a notable dose-dependent proangiogenic effect. Additionally, the macroscopical results and the optical coherence tomography findings, which examined the vascular microcirculation of qCAMs in vivo, were in agreement (Figure 2C).
[image: Figure 2]FIGURE 2 | Chuanxiong stimulated angiogenesis of qCAM in a dose-dependent manner. (A) Experimental design’s schematic diagram. Con, the control group treated with PBS; Gas, the positive control group treated with tetrahydropalmatine (64 μg); GX-L,M,H, the groups treated with different doses (1,2,4 mg) of Chuanxiong, respectively. (B) Relative vessel area, microvessel numbers, and total vessel numbers of qCAM samples in the respective groups. (C) Pictures of macroscopical observation and optical coherence tomography angiography of qCAM. The most typical fields are displayed. The results of each experiment are shown as the mean ± S. D after being carried out three times. *p < 0.05, significantly different from the model group.
3.3 Chuanxiong alleviates injury induced by t-BHP in vitro
On the basis of the proliferation assays of HUVECs, the effects of Chuanxiong on angiogenesis were evaluated. The administration concentrations chosen were 25 µg, 50 μg, and 100 µg . Based on the previous report, Pos (40 µM) was chosen as the positive control. The survival rate of HUVEC was represented by MTT assays after 4 h of exposure to 5.5 μM tert-butylhydroperoxide (t-BHP), according to the preliminary assay that we performed (Cui et al., 2021). The results of MTT assays showed that middle-dose and high-dose groups could considerably (p<0.05) restore cell viability in t-BHP-damaged cells, protecting them against further harm (Figure 3A). Furthermore, VEGFR2 messenger RNA (mRNA) expression levels of the gene were measured by quantitative real-time PCR. The result showed that the messenger RNA (mRNA) expression levels in middle-dose and high-dose groups were significantly (p<0.05) higher than those of models, and these changes were dose-dependent (Figure 3B).
[image: Figure 3]FIGURE 3 | Chuanxiong promoted angiogenesis of HUVECs in a dose-dependent manner. (A) Viability of HUVEC cells treated with Chuanxiong or PBS after t-BHP was damaged. (B) mRNA levels of VEGFR2 in different groups of HUVECs. (C, D) Outcomes of tube formation in HUVECs treated with PBS or medications after 6 h are displayed (100×). (E,F) Findings of wound scratch assays of HUVECs treated with PBS or medications are displayed after 48 h (100×). Con, the control group treated with PBS; Mod, the model group treated with 5.5 μM t-BHP for 4 h; Pos, the positive control group treated with tetrahydropalmatine (40 μM); CX-L,M,H, the groups treated with different doses (25 µg, 50 μg, 100 µg) of Chuanxiong. The most representative fields are displayed. * represents p < 0.05 compared with the control group. The significance of differences was evaluated with ANOVA with the post hoc test. The results of each experiment are shown as the mean ± S. D after being carried out three times.*p < 0.05, significantly different from the model group.
The tube formation and wound scratch assays of HUVECs were used to further evaluate the effects on angiogenesis of Chuanxiong in vitro. The model condition and positive control stayed together with the proliferation assays. As shown by the results, Chuanxiong could promote scratch healing percentages and increase the branch points of tubes (Figures 3C–F).
3.4 Chuanxiong-regulated altered metabolic pathways are revealed by untargeted metabolomics
The results of Chuanxiong’s target prediction indicated that the main mechanism of Chuanxiong (2/5 with low p-value of top term) was connected to metabolic pathways. Therefore, we used DESI-MSI based on non-targeted metabolomics to explore the possible metabolic pathway of the pro-angiogenic effect of Chuanxiong. A scoring plot with R2Y (cum) of 0.779 and Q2 (cum) of 0.463 was obtained, showing that the principal component analysis (PCA) and orthogonal structure to latent structure discriminant analysis (OPLS-DA) projection had good adaptability and predictive power for the potential model (Figures 4A, B). The variables highly correlated with group separation were selected using the projection (VIP) values of the OPLS-DA model and the variable importance of the s-plot. In other words, variables with |p (corr)| ≥ 0.58 and VIP value > 1 were selected as key metabolites and identified with METLIN (Figure 4C). Thus, the results showed seven potential biomarkers were identified by analysis (Table 1). Pathway analysis was performed using MetaboAnalyst, and it was concluded that the metabolites affecting glycine, serine, and threonine metabolism in Chuanxiong were more variable (p < 0.05).
[image: Figure 4]FIGURE 4 | Discriminatory metabolic components and pathways regulated by Chuanxiong. (A) The score plots of control (C group) and Chuanxiong (E group) from PCA in the ESI + mode for PC1 versus PC2. QC indicates the quality control group. (B) OPLS-DA analysis of the data derived from the ESI + mode. OPLS-DA score plots for the pair-wise comparisons between the control and Chuanxiong groups. (C) S-plot of the OPLS-DA model for control and Chuanxiong groups. The points in red indicate the identified biomarkers.
TABLE 1 | Differential identified metabolites for discrimination among control and Chuanxiong groups by DESI-MSI.
[image: Table 1]3.5 Effects of Chuanxiong on the expression of key proteins in the angiogenesis process
To estimate the underlying mechanism of Chuanxiong in HUVECs under oxidative stress, the mRNA expressions of MAPK and PI3K were detected in each group. The result shows that the activity of MAPK and PI3K, two indicators of angiogenesis, was reduced with t-BHP stimulation and improved after 100 μg/mL Chuanxiong treatment (Figure 5A). In addition, as determined by Western blotting, Chuanxiong increased the expression of the AKT, FOXO1, and RASA1 after t-BHP stimulation (Figure 5B). These data demonstrate that the ability of Chuanxiong to protect against impaired angiogenesis depends on PI3K/AKT/RAS/MAPK signaling.
[image: Figure 5]FIGURE 5 | Chuanxiong promoted angiogenesis through the PI3K/Akt signaling pathway. (A) MAPK and PI3K levels in HUVEC cell samples, respectively. Con, the control group treated with PBS; Mod, the model group treated with 5.5 μM t-BHP for 4 h; CX-L,H, the groups treated with different doses (25 µg, 100 µg) of Chuanxiong.* represents p < 0.05 compared with the model group. (B) Protein expression of PI3K/AKT/RAS/MAPK pathway downstream targets was measured by Western blotting. (C) The diagram shows that Chuanxiong promotes angiogenesis by increasing PI3K expression, followed by upregulation of AKT and MAPK. These targets form a complex network of interactions and a feedback regulatory axis that when combined contribute to Chuanxiong’s effect of promoting angiogenesis.
4 DISCUSSION
According to the ancient Chinese medicine book “Shen Nong’s Herbal,” Chuanxiong has a pungent taste and is warm in nature. It could promote blood and qi circulation and relieve the pain. As a frequently prescribed drug for enhancing blood flow and reducing blood stasis, Chuanxiong is often used in combination with Baizhi and Danshen, which has a good effect on stroke, cerebral infarction, and myocardial infarction. According to our results, Chuanxiong has been shown to have considerable effects in protecting the cardiovascular system and brain tissue by preventing vascular endothelial cell death. The qCAM assay results showed Chuanxiong could increase vessel numbers and vessel area. All those aforementioned particulars indicated that Chuanxiong shows potential of promoting angiogenesis. The network results showed that the main active ingredients of Chuanxiong act on FAK, JAK, SYK, GPCR, RTK, and other receptors. These receptors can activate the PI3K/AKT/MAPK pathway, which plays a significant role in regulating angiogenesis (Mócsai et al., 2010; Zhang et al., 2020a; Yuan et al., 2021). Western blotting and RT-PCR were used to further confirm that Chuanxiong could promote angiogenesis by activating this pathway; the results showed that the expression of key proteins FOXO, RASA1, and AKT increased significantly, and cellular PI3K and MAPK levels were higher than those of control and model groups.
The phosphatidylinositol 3-kinase (PI3K) family of enzymes plays an important role in the control of cellular processes such as proliferation, apoptosis, motility, and cell growth (Koch et al., 2021). GCPRs and RTKs are upstream signals that directly interact with the regulatory subunit of PI3K to regulate PI3K activity (Fruman et al., 2017). Once active, PI3K produces (phosphatidylinositol 3,4,5-triphosphate) PIP3, which encourages the phosphorylation of AKT, which, in turn, phosphorylates a vast number of downstream substrates like eNOS to regulate angiogenesis (Revathidevi and Munirajan, 2019). At the same time, AKT can inhibit FOXO1 by reducing the expression of apoptotic genes and maintaining vascular stability (Xie et al., 2019). Ras proteins are membrane-bound small GTPases that work as molecular transducers to control cellular processes such as cell division, differentiation, migration, and death by coupling cell surface receptors to intracellular effector pathways. Ras’s GTPase activity is improved and accelerated by RASA1, a member of the RasGAP family (Zhang et al., 2020b). Ras signaling is started and activated by G-protein-coupled receptors (GPCRs) and receptor tyrosine kinases (RTKs). Ras facilitates the serine/threonine kinase (Raftranslocation)’s to the plasma membrane, where it is turned on and phosphorylated by several protein kinases (Rauen, 2013). Raf is moved to the plasma membrane by active Ras, where it is activated and phosphorylated by several protein kinases. Raf, which is active, phosphorylates and activates (mitogenic effector kinase) MEK1/2, which, in turn, phosphorylates (cytosolic signal-regulated kinase) ERK1/2, which then goes on to act on mitogen-activated protein kinase (MAPK) (Guo et al., 2020). Moreover, Ras stimulates PI3K catalytic activity by interacting with the catalytic subunit p110α and mediates a closer interaction between PI3K and the plasma membrane. Thus, RTK can activate Ras, which, in turn, activates PI3K in a p110-dependent manner (Cuesta et al., 2021).
Metabolomic analysis of qCAM models after Chuanxiong administration using DESI-MSI identified seven metabolic differentials, which were considered to be related to the metabolism of glycine, serine, and threonine. Glycine, serine, and threonine are important biosynthetic linkers that together provide precursors necessary for the synthesis of proteins, nucleic acids, and lipids, and also play important roles in enhancing protein synthesis and inhibiting protein degradation in cells, activating mTOR expression and inhibiting protein hydrolysis gene expression, all of which are essential for cell proliferation (Tsuji-Tamura et al., 2020). The metabolomics of glycine, serine, and threonine in quail chick chorioallantoic membranes increased, which indicated that Chuanxiong mainly acts on vessels.
This study identified that Chuanxiong could protect damaged HUVECs and promote angiogenesis by pharmacological tests and investigated the potential mechanisms of the proangiogenic effects of Chuanxiong through network pharmacology combined with metabolomics. In addition, we used Western blotting and RT-PCR to verify the possible pathway. In conclusion, the present study showcased that Chuanxiong promotes angiogenesis through the PI3K/AKT/Ras/MAPK pathway (Figure 5C). This study has a potential impact on the development of Chuanxiong for vascular diseases.
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Heart failure with preserved ejection fraction accounts for a large proportion of heart failure, and it is closely related to a high hospitalization rate and high mortality rate of cardiovascular disease. Although the methods and means of modern medical treatment of HFpEF are becoming increasingly abundant, they still cannot fully meet the clinical needs of HFpEF patients. Traditional Chinese medicine is an important complementary strategy for the treatment of diseases in modern medicine, and it has been widely used in clinical research on HFpEF in recent years. This article reviews the current situation of HFpEF management, the evolution of guidelines, the clinical evidence and the mechanism of TCM in the treatment of HFpEF. The purpose of this study is to explore the application of TCM for HFpEF, to further improve the clinical symptoms and prognosis of patients and to provide a reference for the diagnosis and treatment of the disease.
Keywords: heart failure with preserved ejection fraction, traditional Chinese medicine, clinical evidence, potential mechanisms, cardiovascular disease
1 INTRODUCTION
Heart failure (HF) with preserved ejection fraction (HFpEF) refers specifically to left ventricular ejection fraction (LVEF) ≥ 50%. It is a syndrome that accumulates in multiple organs and systems. The main clinical manifestations are exertional dyspnoea and exercise intolerance. According to the latest American Heart Association/American College of Cardiology/Heart Failure Society of America (AHA/ACC/HFSA) guidelines in 2022, heart failure is divided into four categories: heart failure with preserved ejection fraction (HFpEF), heart failure with reduced ejection fraction (HFrEF), heart failure with midrange ejection fraction (HFmrEF) and heart failure with improved ejection fraction (HFimpHF) (Heidenreich et al., 2022). According to the epidemiology in 2019, cardiovascular disease (CVD) accounted for approximately 45% of the causes of death in China, and 2 out of every 5 deaths were from CVD. At present, the number of CVD cases is 330 million, of which heart failure accounts for 8.9 million (Wang, 2021), while HFpEF accounts for between 19% and 55% of HF cases (Teramoto et al., 2022). The risk of death and rehospitalization from HFpEF is similar to that of HFrEF, and its prevalence rate is increasing by 1% per year (Paulus and Tschöpe, 2013). The distribution of HFpEF in the population is more in the United States than in Europe and more in Europe than in Asia. It is more prevalent in women than in men and in the elderly than in the young. With increasing age, the number of comorbidities in patients with HFpEF also increases (Dunlay et al., 2017). Therefore, in hospitalized cases of HFpEF, we cannot only consider cardiovascular problems, which results in the complexity and diversity of doctors’ diagnoses and treatment. The pathogenesis of HFpEF results from impaired cardiac filling and changes in the diastolic function of the left ventricle. In the past, primary myocardial injury was considered to be an important factor triggering HFpEF. Recent studies have shown that myocardial injury in HFpEF is not primary but rather systemic inflammation caused by arterial hypertension or metabolic diseases such as diabetes and obesity. It eventually leads to coronary artery microvascular inflammation, dysfunction, subendocardial ischaemia, myocardial cellular mechanisms and metabolic changes (Heinzel and Shah, 2022).
The 2022 AHA/ACC/HFSA guidelines proposed guideline-directed management and therapy (GDMT) as the cornerstone of drug treatment, and SGLT2i, MRA, and ARNI are included in the recommended drugs according to the guidelines. However, a one-size-fits-all treatment strategy has difficulty solving the real problem. For example, the risk period for HFrEF requires initiating drugs to prevent disease progression, while there is a lack of treatment strategies for the risk period for HFpEF. Given the high mortality and rehospitalization rate of HFpEF (Schrutka et al., 2022), how to use drugs and improve the prognosis of patients has also become the focus of our attention. The current treatments in Western medicine include SGLT-2 inhibitors, which can regulate diabetic comorbid disease and improve the quality of life of patients (Heinzel and Shah, 2022); sacubatril valsartan, which can prevent the deterioration of renal function and reduce the risk of cardiovascular death (Cui et al., 2022); corresponding anti-inflammatory strategies, which can improve systemic microvascular inflammation (Omote et al., 2022); pirfenidone, which can reduce TGF-β and improve myocardial fibrosis (Lewis et al., 2021); and spironolactone, which can regulate cardiac function (Beldhuis et al., 2021). Although its treatment takes into account the comorbidities and prognosis of HFpEF, it also has some limitations. For example, the clinical effect of some drugs is not obvious, or the regulatory mode is relatively simple. Clinical studies have shown that sildenafil (Lam et al., 2018) has no significant effect on haemodynamics and exercise ability, the effect of eplerenone on follow-up mortality is not clear, and the efficacy nitrate of quality of life cannot be evaluated due to the lack of long-term trials (Dong, 2022). Therefore, more effective measures are still needed to intervene in the development of the disease (Zhang et al., 2022). Previous studies have shown that traditional Chinese medicine can reduce the clinical symptoms of HFpEF, improve the quality of life of patients, enhance overall motor function and prevent the development of HFpEF (Bai, 2022; Tan, 2022). This study summarizes the management process of HFpEF and the clinical evidence and mechanism of traditional Chinese medicine in the treatment of HFpEF and reveals the clinical significance and development prospects of TCM in the treatment of HFpEF.
2 MANAGEMENT STRATEGIES FOR HFPEF
In the past, HFpEF was regarded as an early stage of the transition to HFrEF. Modern research shows that the transition from HFpEF to HFrEF is rare. Compared with HFrEF, HFpEF has higher comorbidity and noncardiovascular mortality (Heinzel and Shah, 2022). Therefore, the guide proposes different management models for HFpEF and HFrEF.
At present, HFpEF lacks a specific diagnostic test. Although Doppler echocardiography can support the diagnosis of HF through evidence such as increased ventricular filling pressure or decreased cardiac output, it cannot support the diagnosis of HFpEF (it cannot reflect LVEF or cardiac morphology) (Dunlay et al., 2017). When physical examination, imaging data, and blood tests are unable to provide a clear basis for diagnosis, an invasive exercise test is necessary (Borlaug, 2020). This is undoubtedly a difficult problem in the process of HFpEF research. From the point of view of treatment, the treatment strategy of HFrEF cannot be fully applied to HFpEF, mainly because there is no symptomatic treatment for the aetiology of HFpEF. Some HFpEF patients complain of chest discomfort, which suggests that the disease may be related to coronary artery disease (Rush et al., 2021), abnormal cardiac metabolism (Mishra and Kass, 2021), and myocardial injury. Dizziness and orthostatic intolerance suggest that HFpEF may be caused by cardiac amyloidosis. Peripheral oedema, abdominal distension, loss of appetite, and early satiety are usually symptoms of late HFpEF complicated with right heart failure. In addition to the aforementioned intractable symptoms, complications closely related to HFpEF should also be considered. A history of atrial fibrillation (Reddy et al., 2018), obesity, diabetes, or metabolic syndrome significantly increases the likelihood of HFpEF. Studies have shown that strategies to relieve cardiac congestion can reduce the hospitalization rate of HFpEF (Borlaug, 2020). Strategies include the use of glucocorticoid receptor antagonists, the management of complications, and the promotion of a healthy and active lifestyle. HFpEF is an important issue in the cardiovascular field. In the future, HFpEF will be more strictly classified to achieve individualized treatment.
3 EVOLUTION OF GUIDELINES
As shown in Figure 1, the European Diastolic Heart Failure Research Group proposed in 1998 that the diagnosis of primary diastolic heart failure needs to meet three necessary conditions at the same time: 1) signs or symptoms of pulmonary congestion, 2) evidence of left ventricular abnormality and 3) left ventricular systolic function being normal or only mildly abnormal, with a left ventricular ejection fraction ≥45% (Group, 1998). In 2007, the European Society of Cardiology (ESC) proposed that heart failure with normal ejection fraction (HFNEF) cannot be equated with diastolic heart failure (DHF), and systolic heart failure (SHF) can also have diastolic dysfunction. The consensus is that HFNEF may be the early stage of HFpEF, and the following should be satisfied: 1) signs or symptoms of congestive heart failure, 2) evidence of left ventricular diastolic dysfunction and 3) normal or mildly abnormal left ventricular systolic function (Paulus et al., 2007). Since then, HFpEF and HFNEF have been widely used as terms in North America and Europe, and some people are opposed to using HFpEF instead of HFNEF (Sanderson, 2014). In the 2013 American College of Cardiology Foundation/AHA (ACCF/AHA) guidelines (Yancy et al., 2013), standards are proposed for the definition of HFpEF syndrome, including 1) clinical signs or symptoms of heart failure, 2) evidence that left ventricular ejection fraction is preserved or normal and 3) evidence of abnormal left ventricular diastolic function that can be determined by Doppler echocardiography or cardiac catheterization. HFpEF is classified as EF > 40%, >45%, >50%, and ≥55%. The 2016 ESC/Heart failure Association (HFA) guidelines define HFpEF as ≥ 50% (Ponikowski et al., 2016). HF includes a new category called HFmrEF, with an ejection fraction in the range of 40%–49%. In 2019, the ESC formally established the terminology of HFpEF, and its diagnostic conditions have also been updated: diagnosis based on the HFA-PEFF scoring system, including initial evaluation, UCG, and natriuretic peptide scores, functional tests, and aetiological diagnosis (Pieske et al., 2019). In 2021, to promote the wide application of the guidelines, the previous comprehensive diagnosis was simplified, emphasizing some clinically available variables: LA volume index (LAVI) > 32 mL/m2, mitral E velocity >90 cm/s, septal e’ velocity <9 cm/s, and E/e’ ratio >9 (Mcdonagh et al., 2021). In 2022, the ACC/AHA/HFSA announced two scoring systems. In addition to the previous HFA-PEFF diagnostic scoring system, the H2FPEF scoring system identified risk factors for HFpEF: hypertension, obesity, atrial fibrillation, pulmonary hypertension, advanced age, and average filling pressure height. The guidelines also proposed a new classification of HFimpEF. It is unclear which HFimpEF patients will be classified as HFpEF or HFmrEF, and the evidence for the treatment of HFimpEF is limited (Heidenreich et al., 2022).
[image: Figure 1]FIGURE 1 | Evolution of guidelines for HFpEF.
4 TCM FOR HFPEF TREATMENT
4.1 Understanding HFpEF in TCM theory
Originally, in TCM theory there was no separate classification of HFpEF or even HF. The disease is treated solely based on symptoms. During the Western Jin dynasty, the concept of HF was mentioned for the first time in the “Mai Jing” written by Wang Shuhe (Wang, 2019): “If heart failure falls, the pulse sinks.” In modern times, the TCM syndrome types of HF can be divided into qi deficiency and blood stasis, qi and yin deficiency, yang qi deficiency and blood stasis, and exhaustion of yin and yang. At present, there is no exact TCM syndrome for HFpEF, and its basic pathogenesis is deficiency in origin and excess in superficiality. In terms of aetiology, different doctors hold different opinions. Liu Jing (Liu and Xu, 2017) believes that the main cause of HFpEF is qi deficiency and blood stasis accompanied by qi stagnation and blood heat. Zhao Zhiqiang (Zhao et al., 2018) believes that the origin is mainly yin deficiency often combined with qi deficiency and yang deficiency, and the superficiality is mainly blood stasis, phlegm, and heat accumulation. Ji Hongyun (Ji et al., 2020) believes that although there are many causes of HFpEF, qi deficiency and blood stasis always underlie the disease. Shen Bin (Shen, 2018) believes that the basic pathogenesis of HF is the deficiency of heart qi and heart yang, while blood stasis is the key link, and other pathological factors are phlegm and water.
4.2 Clinical evidence of TCM for HFpEF
In this paper, 58 clinical randomized controlled trials were collected by VIP, Wanfang, CNKI, SinoMed, PubMed, Embase, Web of Science, Cochrane, and clinical trials. At present, there are a large number of experiments on traditional and modern Chinese medicine dosage forms, as shown in Figure 2. Traditional Chinese medicine dosage forms include decoctions, pills, powders, and plasters. The dosage forms of modern traditional Chinese medicine also include granules, capsules, tablets, suppositories, injections, and so on (Nie et al., 2021). In this paper, 22 different TCM decoctions, 2 different plasters, 1 different pill (Tan, 2022), 13 different granules, 5 different capsules, 3 different tablets (Huang, 2005; Zhang, 2011; Huang et al., 2014; Liu, 2020; Zhu, 2021), 1 different injection (Xu et al., 2020), and 1 different oral liquid (Lin et al., 2016) are discussed as clinical evidence. Supplementary Table S1 analyses and summarizes the clinical evidence of TCM in the treatment of HFpEF, including 1) TCM dosage form, 2) clinical manifestations, and 3) clinical indicators. Based on Supplementary Table S1, Table 1 discusses the experimental mechanism of TCM in the treatment of HFpEF.
[image: Figure 2]FIGURE 2 | Clinical evidence of TCM for HFpEF.
TABLE 1 | Experimental mechanism of TCM in the treatment of HFpEF.
[image: Table 1]4.2.1 Traditional dosage form
4.2.1.1 Decoction
As the most important method of clinical prevention and treatment of diseases in TCM, traditional Chinese medicine decoctions have the characteristics of individual prescription, adding and decreasing with the syndrome, and customizing measures to personal conditions (Chou et al., 2022). At present, it is known that traditional Chinese medicine decoctions can improve clinical symptoms, adjust patients’ cardiac function and prognosis, improve quality of life, regulate abnormal biomarkers, and so on. Most of the decoctions in the study can reduce the TCMSS or TCMFDIS score. Yiqi Yangyin Huoxue decoction (Shen, 2018), Danting Lishui decoction (Chen, 2014; Zou et al., 2014; Zou et al., 2014), Shengui Huxin Huacai decoction (Zhu, 2017), Yiqi Yangyin decoction (Zhang, 2018), Xinkang decoction (Chen, 2019), Shuxin Huoxue decoction (Ma et al., 2020), Guiqi Huxin decoction (Li, 2020), Xiaoqinglong decoction (Zhou, 2020), Shenqi Yixin Huacai decoction (Zhang, 2020), Yiqi Tongyu decoction (Li, 2021), Yiqi Huoxue2 decoction (Liu et al., 2021), Danling Huoxue Huayin decoction (Ji, 2021), Baoyuan Yangxin decoction (Wang, 2021), Tiaogan Yangxin decoction (Sun, 2021) and Modified Shenqi Yixin decoction (Liu et al., 2021) can clearly reduce the clinical symptoms and improve the curative effect of TCM syndrome. Xinkang decoction (Chen and Ye, 2019), Shuxin Huoxue decoction (Ma et al., 2020), Guiqi Huxin decoction (Li, 2020), Danling Huoxue Huayin decoction (Ji, 2021), Yiqi Tongyu decoction (Li, 2021), Yiqi Huoxue2 decoction (Liu et al., 2021), Baoyuan Yangxin decoction (Wang, 2021), Modified Shenqi Yixin decoction (Liu et al., 2021), Huoxue Lishui decoction (Zhou and Hong, 2016), Huangqi Baoxin decoction (Wu, 2018), Yangyin Shuxin decoction (Liu, 2020; Zhao, 2021; Li et al., 2022), Yiqi Huoxue Lishui decoction (Peng et al., 2020), Shengmai powder and Guizhi Gancao Longgu Muli decoction (Yuan, 2021) can increase the 6-min walking distance, improve cardiopulmonary motor function, and enhance the overall motor function of patients. Yiqi Yangyin Huoxue decoction (Shen, 2018), Yiqi Yangyin decoction (Zhang, 2018), Xinkang decoction (Chen and Ye, 2019), Danling Huoxue Huayin decoction (Ji, 2021), Yiqi Tongyu decoction (Li, 2021), Yangyin Shuxin decoction (Liu, 2020), Shengmai powder and Guizhi Gancao Longgu Muli decoction (Yuan, 2021), Qiangxin Tongmai decoction (Zhang, 2019) and Yiqi Huoxue1 decoction (Liu et al., 2020) can reduce the MLHFQ score and improve quality of life. Tiaogan Yangxin decoction (Sun, 2021), Qiangxin Tongmai decoction (Zhang, 2019), and Yiqi Huoxue1 decoction (Liu et al., 2020) can reduce SDS or SAS scores and improve anxiety and depression symptoms. Danting Lishui decoction (Zou et al., 2014), Danling Huoxue Huayin decoction (Ji, 2021), and Baoyuan Yangxin decoction (Wang, 2021) can improve NT-proBNP, prevent the development of HFpEF, improve prognosis, and reduce mortality and rehospitalization rates. Shuxin Huoxue decoction (Ma et al., 2020), Xiaoqinglong decoction (Zhou, 2020), Tiaogan Yangxin decoction (Sun, 2021), and Huoxue Lishui decoction (Zhou and Hong, 2016) can increase the cardiac ejection fraction and improve cardiac function. Huoxue Lishui decoction (Zhou and Hong, 2016) can reduce hs-CRP, improve inflammation, and maintain intravascular homeostasis. Danting Lishui decoction (Zou et al., 2014) can reduce FINS and Homa-IR and interfere with insulin resistance. Guiqi Huxin decoction (Li, 2020) can increase oestradiol, protect the heart, and improve endocrine metabolism. Baoyuan Yangxin decoction (Wang, 2021) reduces TGF-β1 and controls myocardial fibrosis and left ventricular hypertrophy. Danting Lishui decoction (Chen, 2014; Zou et al., 2014), Shengui Huxin Huacai decoction (Zhu, 2017), Baoyuan Yangxin decoction (Wang, 2021), Tiaogan Yangxin decoction (Sun, 2021), and Modified Shenqi Yixin decoction (Liu et al., 2021) can decrease the parameters of E/e’ and LAVI to improve left ventricular diastolic function and inhibit left ventricular remodelling. Yangyin Shuxin decoction (Li et al., 2020) can enhance cardiac pumping function, reduce myocardial oxygen consumption, and improve coronary artery circulation.
4.2.1.2 Plaster
Traditional Chinese medicine plasters are divided into edible black plasters and external applications of white plasters. This article only considers the black plaster prescriptions. Compared with decoctions, black plaster prescriptions can reduce gastrointestinal reactions, enhance the safety of drug use, and help to improve the compliance of patients (Jiang and Tong, 2022). Yangxin Huoxue Tongmai plaster (Wang, 2019; Li, 2020) and Shenqi Baoxin plaster (Chen, 2019) can improve TCM clinical symptoms, enhance TCM efficacy, increase 6-min walking distance, enhance exercise endurance, improve NT-proBNP, prevent the development of HFpEF, improve prognosis, and reduce mortality and rehospitalization rates. Shenqi Baoxin plaster (Chen, 2019) can also reduce MLHFQ scores and improve quality of life.
4.2.2 Modern dosage form
4.2.2.1 Granules
The main advantage of granules is that they have the same curative effect as a decoction, and they are easy to carry and take orally; thus, they are widely used in TCM clinics (Qin et al., 2022). Qifu Qiangxin granules (Bai, 2022), Yangyin Shuxin granules (Zhao et al., 2018), Wenyang Huoxue granules (Gu, 2016), Bawei Tongluo granules (Zhang, 2017), Xinshuaining Heji granules (Wan, 2017), Shuxin granules (Chen, 2018), Jiangzhuo Tongluo granules (Yin et al., 2019), Qigui Yiqi Huoxue granules (Liu, 2020), Jiawei Linggui Zhugan granules (Wang, 2021), Qihong granules (Li, 2021), Zhigancao granules (Zhang et al., 2021), and Jianxin granules (Xin, 2015; Chen et al., 2022) can improve the clinical symptoms of TCM, reduce the scores of TCM syndrome, improve the prognosis, and reduce the mortality and rehospitalization rate. Qifu Qiangxin granules (Bai, 2022), Yangyin Shuxin granules (Zhao et al., 2018), Bawei Tongluo granules (Zhang, 2017), Shuxin granules (Chen, 2018), Jiangzhuo Tongluo granules (Yin et al., 2019), Jiawei Linggui Zhugan granules (Wang, 2021), Qihong granules (Li, 2021), Jianxin granules (Xin, 2015), and Linggui Zhugan granules (Niu, 2021) can lower the MLHFQ score and improve quality of life. Jianxin granules (Chen et al., 2022) can reduce CRP, IL-1β, and IL-6 inflammatory factors to improve inflammation, maintain intravascular homeostasis, reduce BNP to improve prognosis and reduce mortality and rehospitalization rates. Qifu Qiangxin granules (Bai, 2022), Yangyin Shuxin granules (Zhao et al., 2018), Wenyang Huoxue granules (Gu, 2016), Xinshuaining Heji granules (Wan, 2017), Jiangzhuo Tongluo granules (Yin et al., 2019), Qigui Yiqi Huoxue granules (Liu, 2020), and Jianxin granules (Xin, 2015) can improve parameters such as E/e’, E/A, LVEF and LVMI to adjust the left ventricular diastolic function; enhance the cardiac pumping function; reduce myocardial oxygen consumption; inhibit the left ventricular remodelling; and improve coronary artery circulation. Yangyin Shuxin granules (Zhao et al., 2018), Wenyang Huoxue granules (Gu, 2016), Bawei Tongluo granules (Zhang, 2017), and Jiawei Linggui Zhugan granules (Wang, 2021) can increase the 6-min walking distance, enhance tolerance of daily activities and improve cardiopulmonary motor function. Yangyin Shuxin granules (Liu, 2020; Li et al., 2022) can increase the PeakVO index, |GLS| index, and UT index to regulate left ventricular systolic function and systolic synchronization and inhibit myocardial fibrosis and left ventricular hypertrophy.
4.2.2.2 Capsule
TCM capsules are suitable for elderly patients and patients with diabetes. It has high bioavailability and can be rapidly disintegrated and absorbed into the intestines and stomach to achieve effective blood concentration (Zhang et al., 2012). Qili Qiangxin capsule (Lu et al., 2013), Tongmai Qiangxin capsule (Guan et al., 2015), Xinshuai Heji capsule (Gao et al., 2016), Qiangxin capsule (Wu, 2020), and Nuanxin capsule (Lou, 2021) can improve TCM symptoms and reduce the TCM syndrome score. Xinshuai Heji capsule (Gao et al., 2016) and Qiangxin capsule (Wu, 2020) can enhance tolerance of daily activities and improve cardiopulmonary motor function. Qili Qiangxin capsule (Lu et al., 2013), Tongmai Qiangxin capsule (Guan et al., 2015), Qiangxin capsule (Wu, 2020), and Nuanxin capsule (Lou, 2021) improve parameters such as E/e', E/A, LVEF and LAVI to adjust left ventricular systolic and diastolic function; inhibit left ventricular remodelling; enhance cardiac pumping function; reduce myocardial oxygen consumption; and improve coronary artery circulation. Qili Qiangxin capsule (Lu et al., 2013; Gao et al., 2019), Tongmai Qiangxin capsule (Guan et al., 2015), Xinshuai Heji capsule (Gao et al., 2016), and Nuanxin capsule (Lou, 2021) improve NT-proBNP, prevent the development of HFpEF, improve prognosis, and reduce mortality and rehospitalization rates.
In summary, the clinical evidence shows that the main clinical manifestations of TCM in the treatment of HFpEF are as follows: 1) improving the TCM symptoms and the exerting a curative effect on TCM syndrome; improving the quality of life, anxiety, depression, and fatigue of patients, including the MLHFQ score, SAS score, SDS score, and FS-14 score; 2) enhancing tolerance of daily activities and improving cardiopulmonary motor function, including NYHA grade, Lee’s heart failure score, 6-min walk test (6 MWT) and cardiopulmonary exercise test (CPET); 3) strengthening cardiac pumping function, improving systolic and diastolic function, reducing myocardial oxygen consumption, and improving coronary artery circulation. By improving parameters echocardiography such as E/e', E/A, LAVI, LVEF and LVMI, regulating left ventricular systolic function and systolic synchrony by adjusting STI parameters such as |GLS| and UT, and improving haemodynamics by increasing the CI and SI index; and 4) maintaining intravascular homeostasis, including reducing sST2 and hs-CRP to improve systemic inflammation; reducing CRP, IL-1β, IL-6, and other inflammatory factors and decreasing ET, TGF-β1, TNF-α, and AngII to control myocardial fibrosis and left ventricular hypertrophy; improving blood fat and blood pressure, such as total cholesterol (TC) and diastolic blood pressure; improving endocrine metabolism, including by increasing oestrogen E2 levels, interfering with insulin resistance, and reducing Homa-IR and FINS; reducing BNP and NT-proBNP to improve prognosis; and lowering mortality and rehospitalization rates, and preventing the development of HFpEF.
5 POTENTIAL MECHANISMS OF TCM FOR HFPEF
There is no unified conclusion on the specific mechanism of HFpEF. At present, it is widely believed that it is a multisystem disease involving the heart, lung, kidney, skeletal muscle, adipose tissue, immune/inflammatory signals, and vascular system (Mishra and Kass, 2021). According to haemodynamics and cellular and molecular mechanisms, HFpEF is divided into six types (Lam et al., 2018), as shown in Figure 3. There are few articles about the experimental types of HFpEF. In this paper, 12 articles about the experimental types of HFpEF were collected, and the other 18 articles were summarized concerning the similar mechanisms of haemodynamics or cellular molecular science in diastolic heart failure and chronic heart failure.
[image: Figure 3]FIGURE 3 | Potential mechanisms of TCM for HFpEF.
5.1 Haemodynamic mechanism
At present, three main haemodynamic mechanisms of HFpEF are observed according to the cardiac ultrasound parameters and the improvement of BNP and NT-proBNP.
5.1.1 Left heart congestion/diastolic dysfunction/left atrial hypertension
As HFpEF was originally named after diastolic heart failure, most of the experimental studies in this paper have improved the problem of left ventricular diastolic dysfunction by regulating parameters such as E/e', E/A, LVEDP, BNP, and NT-proBNP. For example, Yiqihuoxue decoction (Chen, 2014; Liu, 2017) can improve diastolic function parameters by adjusting calcium ion homeostasis. Nuanxin capsule (Lou, 2021), Yangxin No. 2 granules (Tang, 2016), Shensong Yangxin decoction (Zhang et al., 2018), Fuzi Banxia decoction (Sun et al., 2019), Shenfu decoction (Huang, 2019), Xiaoqinglong decoction (Zhou et al., 2019; Zhou, 2020), Shengmai decoction (Zhai, 2020), Shenfu Xiongze decoction (Zhang, 2020), Simiao Yongan decoction (Li et al., 2020), Tongmai Yangxin pill (Chen et al., 2021), Sini decoction (Zhao et al., 2022), and Buyang Huanwu decoction (Dong et al., 2018) can improve left ventricular congestion and systolic function by regulating LVID d, LVID s, LVMI, LVEF, and LVFS. Qishen Yiqi decoction (Huang et al., 2021) and Linggui Qihua decoction (Xiong, 2022) can ameliorate left atrial hypertension by regulating LADI/R and LA/Ao.
5.1.2 Pulmonary vascular disease and right ventricular dysfunction
Pulmonary vascular disease and right ventricular dysfunction are rare, the prognosis is poor, and the mortality is high (Lam et al., 2018). Shenfu decoction (Huang, 2019), Linggui Qihua decoction (Xiong, 2022), Yiqi Huoxue decoction (Liu, 2017), and Yiqi Xiefei decoction (Wang, 2019) can improve the lung weight index, lung weight, lung-to-body ratio, and corresponding ultrasound parameters. Among them, Linggui Qihua decoction (Xiong, 2022) can regulate the right atrial volume and reduce stress.
5.1.3 Plasma volume expansion
The expansion of plasma volume is mainly related to right heart dilatation and total cardiac volume expansion. Shengmai decoction (Zhao et al., 2016; Zhai, 2020), Qishen Yiqi decoction (Huang et al., 2021), Linggui Qihua decoction (Xiong, 2022), Yiqi Huoxue decoction (Liu, 2017), Xinjierkang oral liquid (Yu et al., 2013), Xindening oral liquid (Wei et al., 2017), Shensong Yangxin Songling Xuemaikang capsule (Qi et al., 2020) and Kangdaxin oral liquid (Wu et al., 2022) can improve ANP, heart weight, the heart-to-body ratio, the myocardial ratio, and corresponding problems. Fuzi Banxia decoction (Sun et al., 2019), Xiaoqinglong decoction (Zhou et al., 2019; Zhou, 2020), Shenfu Xiongze decoction (Zhang, 2020), Sini decoction (Zhao et al., 2022), Qishen Yiqi decoction (Huang et al., 2021), Yiqi Xiefei decoction (Wang, 2019), Linggui Qihua decoction (Xiong et al., 2021), and Shunxin decoction (Jia et al., 2022) can improve myocardial hypertrophy, myocardial fibrosis, and other myocardial problems. Qishen Yiqi decoction (Huang et al., 2021) and Shengmai decoction (Zhai, 2020) can improve plasma volume expansion by reducing obesity or regulating diabetes.
5.2 Cellular and molecular mechanism
5.2.1 Systemic microvascular inflammation
The comorbidity of HFpEF leads to systemic microvascular inflammation, including circulatory inflammation, myocardial inflammation, extracardiac organ inflammation (e.g., lung, kidney, and skeletal muscle inflammation), and diseases associated with inflammation (such as obesity and hyperlipidaemia).
The problems caused by systemic microvascular inflammation include endothelial dysfunction, oxidative stress, and decreased bioavailability. Experimental research shows that the TCM YangxinNo.2 Granules (Tang, 2016), Shenfu decoction (Huang, 2019), Xiaoqinglong decoction (Zhou et al., 2019; Zhou, 2020), Qishen Yiqi decoction (Huang et al., 2021) and Linggui Qihua decoction (Xiong et al., 2021; Xiong, 2022) can reduce pro-inflammatory cytokines TNF-α, IL-6, IL-1β, MCP-1, soluble ST2, CRP, and hs-CRP. YangxinNo.2 granules (Tang, 2016) can also increase the expression of the anti-inflammatory factor IL-10. Xindening oral liquid (Wei et al., 2017), Xiaoqinglong decoction (Zhou et al., 2019; Zhou, 2020), Shenfu Xiongze decoction (Zhang, 2020), Simiao Yongan decoction (Li et al., 2020), Qishen Yiqi decoction (Huang et al., 2021), Linggui Qihua decoction (Xiong, 2022) and Kangdaxin oral liquid (Wu et al., 2022) can reduce collagen I, collagen III, vWF, CD31, ICAM-1, VCAM-1, TGF-β1, and CD45 to improve myocardial inflammation. In addition, Xiaoqinglong decoction (Zhou et al., 2019) and Sini decoction (Zhao et al., 2022) can also regulate intestinal flora, reduce serum endotoxin, and increase acetate, propionate, and butyrate to improve extracardiac inflammation.
Systemic microvascular inflammation can activate ROS and reduce the utilization of NO and cGMP, which leads to an increase in cAMP or PKA, and an imbalance in intracellular Ca2+. Low availability of cGMP leads to low expression of PKG, inhibition of titin phosphorylation, and decreased myocardial compliance. On the one hand, TCM improves oxidative stress: Nuanxin capsule (Lou, 2021) and Qishen Yiqi decoction (Huang et al., 2021) can reduce the activities of ROS and MDA. Xinjierkang oral liquid (Yu et al., 2013) and Shenqi Lixin decoction (Zhuang et al., 2021) can increase the availability of NO and cGMP, improve the PKG channel, and enhance the protein and gene expression of SOD and Bcl-2. Poge Heart-Saving decoction (Liu et al., 2020) inhibits the RASS system to reduce the production of AngII. On the other hand, to improve endothelial dysfunction, Fuzi Banxia decoction (Sun et al., 2019), Shenfu Xiongze decoction (Zhang, 2020), and Xindening oral liquid (Wei et al., 2017) can inhibit important molecules P38 and MAPKAPK in the VEGF pathway. Xinjierkang oral liquid (Yu et al., 2013), Tongmai Yangxin pill (Chen et al., 2021), and Shunxin decoction (Jia et al., 2022) can enhance myocardial compliance by increasing NPRA, GC, and eNOS in the cGMP/PKG signalling pathway to increase cGMP and PKG in cardiomyocytes. Shensong Yangxin decoction (Zhang et al., 2018) can decrease PKA, RyR2, NOX2, and NOX3 to maintain Ca2+ homeostasis.
5.2.2 Cardiometabolic abnormalities
Abnormal Cardiac metabolism is mainly due to myocardial energy damage, which is caused by three mechanisms: 1) abnormal structure and function of mitochondria, 2) changes in substrate utilization, and 3) intracellular calcium overload. The structural and functional abnormalities of mitochondria are reflected in organelle dyspnoea, shrinkage, enlargement, a decrease in membrane potential, and other problems, resulting in a decrease in ATP synthesis. Due to the change in mitochondrial function and structure, the utilization of substrate changes accordingly, the heart changes from fatty acid metabolism to glucose metabolism, glucose oxidation decreases, glucose degradation occurs, and lactic acid increases. At the same time, SERCA2a deficiency eventually leads to intracellular calcium overload.
Experimental studies have shown that the TCM Nuanxin capsule (Lou, 2021), Shenfu decoction (Huang, 2019), Simiao Yongan decoction (Li et al., 2020), Shunxin decoction (Jia et al., 2022), Shenqi Lixin decoction (Zhuang et al., 2021), Jiawei Shenfu granules (Liu, 2013), and Yiqihuoxue granules (Ning, 2019) can regulate the volume of mitochondria and enhance the gene and protein expression of PGC-1α, PGC-1β, ERR-α and ERR-β to protect the ultrastructure. They can also activate the AMPK pathway to inhibit phosphorylation, inhibit caspase3 and increase Bcl-2 to prevent mitochondrial apoptosis and enhance OCR and ATP to improve respiratory function. Shenfu decoction (Huang, 2019) and Gegen Qinlian decoction (Han et al., 2017) optimize the metabolism and utilization of fatty acids, glucose, and pyruvate to different degrees and enhance the expression of carnitine palmitoyltransferase 1A (CPT-1A), pyruvate dehydrogenase kinase-4 (PDK4), fatty acid translocase (CD36) and glucose transporter (GLUT4). Simiao Yongan decoction (Li et al., 2020) increases PGam1, pyruvate to reduce sugar degradation, PPAR-α, and ceramide. Linggui Qihua decoction (Xiong et al., 2021) can reduce FINS, GSP, and GLU to regulate glucose and lipid metabolism. Shensong Yangxin decoction (Zhang et al., 2018), Shengmai decoction (Zhai, 2020), Jiawei Shenfu granules (Liu, 2013), Yiqi Huoxue decoction (Chen, 2014; Liu, 2017), and Songling Xuemaikang capsule (Qi et al., 2020) can increase the expression of SERCA2a and NCX1 to reduce intracellular Ca2+ overload. In addition, they can inhibit RyR2 and CaMKII to reduce the release of Ca2+, and inhibit ERK1/2, leading to downregulation of GATA4 and improvement of BNP.
5.2.3 Cellular/extracellular structural abnormalities
PKG, cGMP, and Titin phosphorylation in cardiomyocytes jointly regulate myocardial contractile motion, and the high expression of Titin in cardiomyocytes reflects the decrease in Titin phosphorylation. TCM Fuzibanxia decoction (Sun et al., 2019), Tongmai Yangxin pill (Chen et al., 2021), Qishen Yiqi decoction (Huang et al., 2021), Yiqi Huoxue decoction (Liu, 2017), and Shunxin decoction (Jia et al., 2022) can reduce PDE5A or PKA to increase eNOS and cGMP, activate the PKG pathway, regulate Titin phosphorylation to inhibit Titin, and improve myocardial compliance.
Structural abnormalities of myocardial extracellular matrix (ECM), including fibrosis and amyloid protein, can occur. ECM mainly depends on the balance of MMPs and TIMPs. If the balance is lost, myocardial fibrosis will occur. In addition, TGF-β/Smads, p38MAPK, the G protein-coupled receptor kinase (GRK) signal pathway, and TGF-β1 expression induced by AngII can all lead to the development of fibrosis. TCM Shenfu decoction (Huang, 2019), Linggui Qihua decoction (Xiong, 2022), and Shengmai decoction (Zhao et al., 2016) can regulate ECM deposition and balance the relationship between MMP-9, MMP2, TIMP-1, and TIMP-2. Xiaoqinglong decoction (Zhou et al., 2019) and Yiqi Xiefei decoction (Wang, 2019) can reduce the area of fibrosis. Shenfu Xiongze decoction (Zhang, 2020), Simiao Yongan decoction (Li et al., 2020), Linggui Qihua decoction (Xiong, 2022), Xindening oral liquid (Wei et al., 2017), Songling Xuemaikang capsule (Qi et al., 2020), and Kangdaxin oral liquid (Wu et al., 2022) can inhibit P38, MAPK, Smad3, TGF-β1, and AngII.
6 CONCLUSION AND PERSPECTIVES
The number of deaths caused by HFpEF worldwide is gradually increasing every year, and increasing attention has been given to the prevention and treatment of HFpEF. Western medicine treatment can control the development of HFpEF, but it still faces the bottleneck problem. While developing new drugs and devices, modern medicine has recognized the individual treatment advantages and overall regulatory effects of TCM.
At present, the integration of traditional Chinese and Western medicine has become an objective and generally accepted medical model in the treatment of HFpEF. TCM treatment can improve the clinical symptoms of HFpEF, enhance the quality of life of patients, lower the poor prognosis of patients, reduce mortality and rehospitalization rates, and provide new ideas and methods for the treatment strategy of HFpEF. However, due to the diversity of TCM syndrome types and the strong subjectivity of dialectical analysis, TCM lacks certain convincing power in the process of development. The relationship between TCM and botanical drugs lacks a rigorous scientific research system, and the relationship between the ‘monarch’ and ‘minister’ in the compound prescription of TCM is seldom discussed. In addition, most of the studies on the treatment of HFpEF with TCM have a small sample size, short observation time, and lack of rigor in design. Therefore, the research results cannot be widely applied and popularized. In the future, research on TCM in the treatment of HFpEF should start from the following three angles 1) In terms of theory, it is convenient to distinguish syndrome types by setting an objective threshold for dialectical analysis. The purpose of the research is to analyse the relationship between the existing compound prescriptions of TCM and botanical drugs. 2) From a clinical perspective, we need to standardize the clinical design; perform large-sample, multicentre randomized clinical controlled trials; enhance the observation and follow-up time; and evaluate the effectiveness and safety of TCM on HFpEF. 3) In terms of experiments, people should identify the subtypes of HFpEF and expand different modelling methods to consider different mechanisms of TCM treatment to provide new ideas for improving HFpEF.
In summary, HFpEF is still a thorny clinical disease. TCM has great potential for HFpEF. However, more extensive and rigorous clinical and animal experiments are needed to promote the application of TCM in HFpEF.
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Effect of tanshinone IIA for myocardial ischemia/reperfusion injury in animal model: preclinical evidence and possible mechanisms
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Introduction: Tanshinone IIA (Tan IIA), the major active lipophilic ingredient of Radix Salviae Miltiorrhizae, exerts various therapeutic effects on the cardiovascular system. We aimed to identify the preclinical evidence and possible mechanisms of Tan IIA as a cardioprotective agent in the treatment of myocardial ischemia/reperfusion injury.
Methods: The study quality scores of twenty-eight eligible studies and data analyses were separately assessed using the CAMARADES 10-item checklist and Rev-Man 5.3 software.
Results: The study quality score ranged from 3/10 to 7/10 points. The present study provided preliminary preclinical evidence that Tan IIA could significantly decrease the myocardial infarct size, cardiac enzyme activity and troponin levels compared with those in the control group (p < 0.05).
Discussion: Tan IIA alleviated myocardial I/R injury via antioxidant, anti-inflammatory, anti-apoptosis mechanisms and improved circulation and energy metabolism. Thus, Tan IIA is a promising cardioprotective agent for the treatment of myocardial ischemia/reperfusion injury and should be further investigated in clinical trials.
Keywords: tanshinone IIA, myocardial ischemia/reperfusion injury, preclinical evidence, possible mechanisms, meta-analysis
1 INTRODUCTION
Acute myocardial infarction (MI) is serious consequence of coronary artery disease and the leading cause of death and disability worldwide (Ibáñez et al., 2015; Tsao et al., 2022). The most effective and well-established therapeutic strategy for treating acute MI patients is timely reperfusion by primary percutaneous coronary intervention or thrombolysis, which limits myocardial infarct size, preserves left ventricular systolic function and prevents the onset of heart failure (Bulluck et al., 2016). However, the process of restoring coronary blood flow to the ischemic myocardium can cause myocardial ischemia/reperfusion (I/R) injury, including reperfusion arrhythmias, the no-reflow phenomenon and myocardial stunning (Yellon and Hausenloy, 2007). Several mechanical and pharmacological therapies have been investigated to attenuate I/R injury over the past 30 years (Hausenloy and Yellon, 2013; Thind et al., 2015). Ischemic preconditioning and ischemic postconditioning are two major forms of mechanical strategies that apply transient episodes of myocardial ischemia and reperfusion either before or after the ischemic event, respectively, to protect the heart from I/R injury. (Hausenloy and Yellon, 2007). However, ischemic preconditioning (Heusch, 2013) is not feasible in the clinical setting because of the unpredictability of MI in patients, while the efficacy of ischemic postconditioning (Binder et al., 2015) is still inconclusive in clinical trials. In addition, pharmacological strategies failed to improve clinical trial outcomes (Frank et al., 2012; Perricone and Vander Heide, 2014; Ibáñez et al., 2015). Thus, a novel cardioprotective strategy is needed.
Radix Salviae Miltiorrhizae, the dried root and rhizome of Salvia miltiorrhiza Bge., a popular Chinese herbal medicine, has the function of activating blood flow circulation and dissipating blood stasis (Guo et al., 2020). It has been widely used in the treatment of various cardiovascular diseases for hundreds of years (Ansari et al., 2021). Tanshinone IIA (Tan IIA) (Figure 1), the major active lipophilic ingredient of Radix Salviae Miltiorrhizae, possesses antioxidant, anti-inflammatory (Kai et al., 2011), anti-apoptosis and anti-proliferative pharmacological properties (Shao et al., 2018; Luo et al., 2019). Systematic research reviews of animal studies provide important insights into the validity of animal studies, the precision of the estimated effects and the explanations of underlying mechanisms, and these reviews assist in the determination of whether a certain drug should be evaluated in human clinical trials (Roberts et al., 2002; Sandercock and Roberts, 2002; Briel et al., 2013). Therefore, we reviewed the available preclinical evidence and possible mechanisms of Tan IIA as a cardioprotective agent for myocardial I/R injury.
[image: Figure 1]FIGURE 1 | Chemical structures of Tan IIA (C19H18O3, MW 294.34).
2 METHODS
This review complied with the guidelines of the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement (Stewart et al., 2015).
2.1 Data sources and search strategy
We searched the following seven databases: PubMed, Cochrane Library, Embase, Wanfang database, China National Knowledge Infrastructure (CNKI), VIP database (VIP), and China Biology Medicine disc (CBM). The search time was limited from inception to the end of September 2022. The search terms used were “danshentong IIA OR tanshinone IIA OR tanshinone” AND “myocardial damage OR myocardial injury OR myocardial infarction OR myocardial ischemia OR myocardial ischemia reperfusion.” The reference lists of potential articles were hand-searched.
2.2 Eligibility criteria
To prevent bias, the inclusion criteria were as follows: 1) animal studies in vivo; 2) myocardial I/R model induced by coronary artery occlusion; 3) analyzed intervention received Tan IIA treatment only, comparator intervention received vehicle or no treatment; 4) primary outcomes were myocardial infarction (MI) size, cardiac enzymes or cardiac troponin T/I (cTnT/I) level, while secondary outcomes were serum indices or protein levels related to cardioprotection mechanisms. Studies in which other traditional Chinese medicines were administered with other additional pharmacological treatments, studies with no control group, duplicate publications and in vitro or ex vivo studies were excluded.
2.3 Data extraction
Data were extracted independently by two authors, and discrepancies were discussed in group consultation. The following details were recorded: the authors; study time; animal information (species, sex, number, and weight); and interventions, modeling methods, the dose of drugs, and outcomes. When various doses of the drug were used or outcomes were measured at different time points in trials, we adopted the highest dose and the final time measurements.
2.4 Risk of bias in individual studies
Quality evaluation of the included studies was conducted by the modified CAMARADES 10-point scoring scale (Macleod et al., 2004; Yu et al., 2017). The modifications are listed as follows: D, blinded induction of model; F, use of anesthetic without significant intrinsic cardioprotective activity; G, appropriate animal model (aged, diabetic, or hypertensive); disagreements were resolved through adjudication by the corresponding author.
2.5 Statistical analysis
Meta-analysis was performed using RevMan V.5.3 software. All data abstracted were classified into continuous variables and given an estimate of the combined overall effect sizes by utilizing the standard mean difference (SMD) or mean difference (MD) with the effects model. Heterogeneity and the choice of effects model were assessed using the Cochrane Q statistic test and the I2-statistic test. A fixed-effects model was selected when statistical heterogeneity was identified (heterogeneity test, if I2 < 50% and p < 0.10), otherwise, a random effects model was used.
3 RESULTS
After systematically searching the databases, 768 published articles were identified. According to the eligibility criteria, we excluded inappropriate studies, and 28 studies were ultimately included in the systematic review (Figure 2).
[image: Figure 2]FIGURE 2 | Summary of the process for identifying candidate studies.
3.1 Characteristics of included studies
Twenty eight studies (19 studies in Chinese and 9 in English) were published between 1996 and 2021. Sprague‒Dawley (SD) rats, Wistar rats, male/female rabbits, male New-Zealand rabbits, and male/female Japan-Sino hybridization white rabbits were used in these studies. Modeling in these studies included ligation of the left anterior descending coronary artery (LAD), the left ventricular coronary artery (LVA), the left circumflex coronary artery (LCA) and the left marginal branch (LMB). The dosage of TanIIA varied between 3 mg•kg−1 and 70 mg•kg−1. Evaluated metrics included myocardial infarct size, myocardial cell apoptosis, arrhythmia score, lactate dehydrogenase (LDH), creatine kinase (CK), creatine kinase-MB (CK-MB), cTnI, superoxide dismutase (SOD), malondialdehyde (MDA), glutathione (GSH), glutathione peroxidase (GSH-Px), caspase-3, B-cell lymphoma-2 (Bcl-2), Bcl-2-Associated X (Bax), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), aspartate transaminase (AST), high mobility group box-1 protein (HMGB1), amplitude of T wave, ST-segment elevation, ejection fraction (EF), and fractional shorting (FS). The detailed characteristics of the studies are shown in Table 1.
TABLE 1 | Characteristics of the 28 included studies.
[image: Table 1]3.2 Study quality
The quality score of the studies ranged from 3 to 7. All studies were published in a peer-reviewed journal. They all described random allocation to treatment or control and used an anesthetic without substantial intrinsic vascular protection activity. Eleven studies (Fu et al., 2007; Fu et al., 2007; Zhang et al., 2010; Wei et al., 2014; Hu et al., 2015; Long et al., 2015; Li Q. et al., 2016; Li X. Y. et al., 2016; Liu et al., 2017; Pan et al., 2017; Tang et al., 2017) reported control of temperature. One study (Zhang et al., 2010) mentioned an appropriate animal model. Eleven studies (Fu et al., 2007; Fu et al., 2007; Zhang et al., 2010; Wei et al., 2014; Hu et al., 2015; Long et al., 2015; Li Q. et al., 2016; Li X. Y. et al., 2016; Liu et al., 2017; Pan et al., 2017; Tang et al., 2017) stated compliance with animal welfare regulations, and 10 studies (Fu et al., 2007; Fu et al., 2007; Zhang et al., 2010; Hu et al., 2015; Long et al., 2015; Li Q. et al., 2016; Li X. Y. et al., 2016; Pan et al., 2017; Li et al., 2019) a statement of potential conflicts of interest. None of the studies mentioned blinded induction of the model, blinded assessment of outcome or sample size calculation. The methodological quality is shown in Table 2.
TABLE 2 | Risk of bias of the included studies.
[image: Table 2]3.3 Effectiveness
3.3.1 Primary outcome measures
3.3.1.1 Myocardial infarct size
Twelve studies (Zhang et al., 2010; Zhang and Zhang, 2010; Wu and He, 2012; Lin et al., 2013; Wei et al., 2014; Long et al., 2015; Li Q. et al., 2016; Wang et al., 2016; Ma et al., 2017; Pan et al., 2017; Shen et al., 2018; Wang, 2021) used myocardial infarct size as an outcome measure. Meta-analysis of 12 studies that the Tan IIA-treated group exhibited significantly decreased myocardial infarct size compared with that of the control group (n = 145, MD −0.13, 95% CI [−0.18 to −0.09], p < 0.00001; I2= 98%) (Figure 3). Owing to obvious heterogeneity, we conducted subgroup analysis according to the different calculation methods. 1) The meta-analysis of 5 studies (Zhang et al., 2010; Zhang and Zhang, 2010; Wu and He, 2012; Lin et al., 2013; Wang et al., 2016) showed that the Tan IIA-treated group exhibited a significantly decreased the area at infarct/left ventricular area (AAI/LVA) compared with that of the control group (n = 60, MD −0.05, 95% CI [−0.07 to −0.04], p = 0.07; I2= 55%) (Figure 4); The meta-analysis of 7 studies (Fu et al., 2007; Wei et al., 2014; Long et al., 2015; Li Q. et al., 2016; Ma et al., 2017; Shen et al., 2018; Wang, 2021) that Tan IIA significantly reduced the area at infarct/area at risk (AAI/AAR) (n = 76, MD −0.18, 95% CI [−0.20 to −0.15], p < 0.0001; I2= 83%) (Figure 4). Although the heterogeneity decreased after subgroup analysis, the heterogeneity in both subgroups was still high. Thus, further subgroup analysis was performed in the AAI/LVA and AAI/AAR groups. In the AAI/LVA studies, the different animal species (rats or rabbits) may have been the source of heterogeneity. The meta-analysis of 3 rats studies (Zhang et al., 2010; Zhang and Zhang, 2010; Wu and He, 2012) showed a significant effect of Tan IIA on decreasing the AAI/LVA (n = 40, MD −0.06, 95% CI [−0.07 to −0.05], p = 0.14; I2= 49%) (Figure 5), and the meta-analysis of 2 rabbit studies (Lin et al., 2013; Wang et al., 2016) showed similar results (n = 20, MD −0.04, 95% CI [−0.06 to −0.02], p = 0.24; I2= 26%) (Figure 5). In the AAI/AAR studies, different routes of administration (intravenous injection and gavage) may have been the source of heterogeneity. The meta-analysis of the 4 studies (Wei et al., 2014; Long et al., 2015; Li Q. et al., 2016; Wang, 2021) that used intravenous injection indicated a significant effect of Tan IIA on reducing the AAI/AAR (n = 53, MD −0.18, 95% CI [−0.19 to −0.18], p = 0.13; I2= 47%) (Figure 6), and the meta-analysis on the 2 studies (Ma et al., 2017; Shen et al., 2018) that used gavage administration showed similar results (n = 23, MD −0.12, 95% CI [−0.14 to −0.09], p = 0.23; I2= 30%) (Figure 6).
[image: Figure 3]FIGURE 3 | The forest plot: effects of Tan IIA for decreasing the myocardial infarction size compared with control group.
[image: Figure 4]FIGURE 4 | The forest plot: effects of Tan IIA for reducing the myocardial infarction size (area at infarct/left ventricular area, area at infarct/area at risk) compared with control group.
[image: Figure 5]FIGURE 5 | The forest plot: effects of Tan IIA for reducing the myocardial infarction size in rats/rabbits compared with control group.
[image: Figure 6]FIGURE 6 | The forest plot: effects of Tan IIA for reducing the myocardial infarction size in different routes of administration group compared with control.
3.3.1.2 Cardiac enzymes and troponin
The meta-analysis of 9 studies (Fu et al., 2007; Wang et al., 2007; Zhang and Zhang, 2010; Dai et al., 2013; Wei et al., 2014; Li Q. et al., 2016; Liu et al., 2017; Li et al., 2019; Wang, 2021) showed that the Tan IIA-treated group exhibited a significant decrease in LDH levels compared with those in the control group (n = 81, SMD −2.49, 95% CI [−2.94 to −2.04], p = 0.05; I2= 49%). As a result of the obvious heterogeneity, we conducted subgroup analysis according to the different animal species (rats or rabbits). The two rabbit studies (Wang et al., 2007; Liu et al., 2017) showed a significant effect of Tan IIA on decreasing LDH (n = 16, SMD −2.92, 95% CI [−3.96 to −1.87], p = 0.45; I2= 0%) (Figure 7). The seven rat studies (Fu et al., 2007; Zhang and Zhang, 2010; Dai et al., 2013; Wei et al., 2014; Li Q. et al., 2016; Li et al., 2019; Wang, 2021) showed a significant effect of Tan IIA on decreasing LDH (n = 63, SMD −2.39, 95% CI [−2.89 to −1.89], p = 0.03; I2= 58%). We performed a sensitivity analysis by sequentially excluding each study in the rat group. After removing one study (Zhang and Zhang, 2010) in which the dosage of Tan IIA administered before establishing the model was much higher than that in other studies, the meta-analysis of the remaining 6 rat studies (Fu et al., 2007; Dai et al., 2013; Wei et al., 2014; Li Q. et al., 2016; Li et al., 2019; Wang, 2021) showed that Tan IIA decreased LDH levels (n = 53, SMD −2.82, 95% CI [−3.40 to −2.23], p = 0.25; I2= 25%) (Figure 7). Three rat studies (Zhang and Zhang, 2010; Dai et al., 2013; Hu et al., 2015) used CK as the outcome metric. After removing the study (Dai et al., 2013) in which the ligation time was distinct from that in the other studies, the meta-analysis of the 2 remaining studies (Zhang and Zhang, 2010; Hu et al., 2015) showed that the Tan IIA-treated group exhibited significantly decreased CK levels compared with those in the control group (n = 20, SMD −0.89, 95% CI [−1.55 to−0.23], p = 0.68; I2= 0%) (Figure 8A). Moreover, the meta-analysis of 2 rabbit studies (Wang et al., 2007; Wang et al., 2016) showed that Tan IIA reduced CK levels (n = 18, SMD −1.51, 95% CI [−2.33 to −0.68], p = 0.31; I2= 4%) (Figure 8B). Two studies (Wei et al., 2014; Li Q. et al., 2016) showed that the Tan IIA-treated group had decrease CK-MB levels compared with those in the control group (n = 21, SMD −1.78, 95% CI [−2.53 to −1.03], p = 0.27; I2= 18%) (Figure 8C). The meta-analysis of 3 studies showed (Zhang and Zhang, 2010; Wei et al., 2014; Hu et al., 2015) that the Tan-IIA treated group exhibited significantly reduced AST levels compared with those in the control group (n = 28, SMD −1.23, 95% CI [−1.81 to −0.66], p = 0.84; I2= 0%) (Figure 8D). One study (Ma et al., 2017) used cTnI as the outcome measure and showed that the Tan IIA-treated group exhibited decreased cTnI levels compared with those in the control group (p < 0.05).
[image: Figure 7]FIGURE 7 | The forest plot: effects of Tan IIA for decreasing lactate dehydrogenase in rats/rabbits compared with control group.
[image: Figure 8]FIGURE 8 | The forest plot: effects of Tan IIA for decreasing creatine kinase (A) rats group; (B) rabbits group; (C) creatine kinase-MB; (D) aspartate transaminase compared with control group.
3.3.1.3 The level of ST-segment elevation and cardiac function
One study (Li et al., 2019) reported that compared to the control, Tan IIA can reduce ST-segment elevation (p < 0.05) and 2 studies (Zhang et al., 2010; Long et al., 2015) showed that Tan IIA-treated group had significantly improved left ventricular ejection fraction (LVEF) compared with that in the control group (p < 0.05).
3.3.2 Secondary outcome measures
The meta-analysis of 9 studies (Fu et al., 2007; Fu et al., 2007; Zhang and Zhang, 2010; Dai et al., 2013; Wei et al., 2014; Hu et al., 2015; Li Q. et al., 2016; Tang et al., 2017; Wang, 2021) showed that the Tan IIA-treated group rats exhibited significantly increased SOD levels compared to those in control group rats (n = 87, SMD 1.46, 95% CI [0.96 to 1.96]; p = 0.05; I2= 49%) (Figure 9A); 4 studies (Wang et al., 2007; Tan et al., 1996; Wang et al., 2012; Ai, 2013; Wang et al., 2016; Li et al., 2019) showed that Tan IIA increased the SOD levels in rabbits (n = 38, SMD 1.80, 95% CI [1.14 to 2.47], p = 0.25; I2= 27%) (Figure 9B); 13 studies (Tao et al., 1996; Fu et al., 2007; Wang et al., 2007; Zhang and Zhang, 2010; Ai, 2013; Dai et al., 2013; Wei et al., 2014; Hu et al., 2015; Li Q. et al., 2016; Liu et al., 2017; Tang et al., 2017; Shen et al., 2018; Wang, 2021) showed that Tan IIA reduced MDA levels (n = 137, SMD −3.40, 95% CI [−4.39 to −2.41]; p < 0.00001; I2= 85%); 5 studies (Zhang and Zhang, 2010; Wang et al., 2012; Wei et al., 2014; Hu et al., 2015; Tang et al., 2017) showed that Tan IIA increased GSH-Px levels; 5 studies (Zheng et al., 2010; Dai et al., 2013; Li Q. et al., 2016; Han et al., 2016; Wang, 2021) that Tan IIA decreased the myocardial cell apoptotic index; 4 studies (Fu et al., 2007; Zhang et al., 2010; Zheng et al., 2010; Pan et al., 2017) showed that Tan IIA reduced caspase-3 levels (p < 0.05); 1 study (Li Q. et al., 2016) showed that Tan IIA increased the expression levels of PI3K (p < 0.05) and p-Akt/Akt ratio; 1 study (Han et al., 2016) showed that Tan IIA increased the expression levels of p-Akt (p < 0.05); 4 studies (Zhang et al., 2010; Zhou and Yang, 2012; Hu et al., 2015; Wang et al., 2016) showed that Tan IIA reduced TNF-α levels (p < 0.05); 2 studies (Hu et al., 2015; Pan et al., 2017) showed that Tan IIA reduced HMGB1 levels; 3 studies showed that Tan IIA increased the ratio of Bcl-2/Bax proteins (Fu et al., 2007; Han, 2011; Pan et al., 2017). A schematic of the studied mechanisms by which Tan IIA protects against myocardial I/R injury is provided (Figure 10).
[image: Figure 9]FIGURE 9 | The forest plot: effects of Tan IIA for increasing superoxide dismutase compared with control group. (A) Rats group; (B) rabbits group.
[image: Figure 10]FIGURE 10 | A schematic representation of cardioprotective mechanisms of Tan IIA for myocardial ischemia/reperfusion injury.
4 DISCUSSION
4.1 Summary of the evidence
The present study demonstrated that Tan IIA exerted potential cardioprotective functions mainly through antioxidant, anti-inflammatory, and anti-apoptosis mechanisms and improved circulation and energy metabolism in myocardial I/R models.
4.2 Limitations
There are several limitations that should be considered. First, a certain degree of selective bias is inevitable because the search strategy was limited to Chinese and English databases (Nolting et al., 2012), and negative findings are rarely published (Franco et al., 2014). Second, no study mentioned calculation of sample size, blinding of model establishment and outcome measurement. Moderate methodological quality will affect the accuracy of the results (Landis et al., 2012). Third, MI generally occurs in patients with comorbidities such as old age, diabetes or hypertension (Blankstein et al., 2012), and only 1 study (Zhang et al., 2010) constructed an animal model in diabetic rats. Finally, some studies used only female animals. The sensitivity and responses of animals of different sexes to the same drug or stimuli are quite different, especially in the cardiovascular system, which could interfere with the experimental results (Barp et al., 2002; Bae and Zhang, 2005).
4.3 Implications
Systematic reviews of animal studies can contribute to the improvement in the methodological quality of experiments (de Vries et al., 2014). In the present study, the methodological quality was moderate. Most of the deducted points were because of failures in sample size calculation and blinding in group allocation and outcome assessment, which are considered the core standards of research design. Studies with a lower quality tended to show better outcomes, resulting in global overestimation of the effect (García-Bonilla et al., 2012). For animal research, the “Reporting in vivo experiments (ARRIVE) guidelines” (Kilkenny et al., 2012) were proposed and are continuously improved to provide guidance on the complete and transparent reporting of in vivo animal research and to improve the quality of research reports. Thus, it is suggested that higher quality study design and reporting for Tan IIA should be executed according to the ARRIVE guidelines. Moreover, some aspects, such as calculation of sample size and blinding of group allocation and outcome assessment, should be specifically focused on.
In the present study, the vast majority of the included studies used young and healthy animals. However, in contrast to these young and healthy animal models, patients with MI usually have multiple cardiovascular risk factors and comorbidities, such as hypertension, hyperlipidemia, diabetes, hyperglycemia, heart failure, altered coronary circulation, and aging (Ferdinandy et al., 2014). These cardiovascular risks and comorbidities need to be treated in both the short and long term and contribute to the development of IR injury and complicate therapy (Rossello and Yellon, 2016). In addition, inappropriate selection of animal models could contribute to spurious or inconsistent results as well as unnecessary animal use (Lecour et al., 2014). Therefore, we propose the following suggestions: 1) choosing animal models that have similar anatomy and physiology to those of humans; 2) experiments with animal models that include risk factors and comorbidities; and 3) setting endpoints of animal studies closely resembling clinical settings. Furthermore, inconsistencies were particularly obvious in congenital heart disease (CHD) studies that used animals of different sexes (Barrett-Connor, 2013). Estrogen has been observed to have a cardioprotective effect both in clinical and preclinical studies, although the specific mechanism remains to be explored (Menazza et al., 2017). We suggest that sex differences in animals should be considered in experimental design.
Infarct size is the most robust primary outcome that is invariably used in animal experimental studies to evaluate the efficacy of various pharmacological or non-pharmacological strategies in preventing reperfusion injury, and it is usually analyzed after a short-term reperfusion or after a few days in an acute experiment (Ndrepepa et al., 2017). However, it is rarely tested clinically due to the limited diagnostic means, which is not helpful for intuitively evaluating the effect of different treatment strategies on cardiac function and determining the prognosis of patients. With the development of single-photon emission computed tomography (SPECT) and cardiac magnetic resonance (CMR), we propose that patients with acute coronary syndrome, especially ST-segment elevation myocardial infarction (STEMI), should be have their infarct size measured (Gibbons and Araoz, 2016) to stratify the risk of heart failure in patients and develop appropriate treatment strategies.
Recorded in the famous Traditional Chinese Medicine Classic “Compendium of Materia Medica,” the function of S. miltiorrhiza is described as invigorating the circulation of blood, dredging the collateral vessels on the pericardium and heart surface and treating colic. As the major active lipophilic ingredient of S. miltiorrhiza, Tan IIA is considered as the main contributor to the above efficacy. In Chinese medicine theory, it is used as a drug for promoting blood circulation and resolving blood stasis for cardiovascular ischemic diseases. However, the molecular and biological mechanisms of the cardioprorective effects of Tan IIA have not been fully elucidated. Experimental research has shown that myocardial I/R injury is related to several pathophysiological features, including the inflammatory response, endothelial dysfunction, generation of oxygen free radicals, mitochondrial dysfunction, myocardial cell apoptosis and autophagy (Heusch and Gersh, 2017). According to the present study, the possible mechanisms through which Tan IIA prevents myocardial I/R injury are as follows: 1) Anti-apoptosis: Tan IIA can increase the ratio of Bcl-2/Bax, downregulate the protein expression of Bax, decrease the expression level of caspase-3, upregulate autophagic markers (Beclin-1 and the ratio of LC3B/LC3A) and downregulate the expression of Mfn2, leading to anti-apoptosis effects against myocardial I/R injury by regulating the PI3K/AKT/mTOR, Ras-PI3K/Akt, JNK, ERK1/2, and PI3K/Akt/FOXO3A/Bim pathways. 2) Improving energy metabolism: Tan IIA can increase glucose oxidation; augment ATP restoration and production; improve the activities of Na+/K+-ATPase, Ca2+-ATPase and Mg2+-ATPase; alleviate the consumption of energy charge; reverse Ca2+ overload; and protect the function of mitochondria. 3) Antioxidation: Tan IIA can promote the process of oxidative phosphorylation; increase the levels of antioxidants such as SOD, SDH, COX, GSH-Px, and CAT; and increase the release of NO, which simultaneously reduces free radical generation such as reactive oxidative species (O2-, HO-, and H2O2); Tan IIA also regulates the mitochondrial permeability transition pore (MTPT), suppresses chondriokinesis, and reduces the release of cytochrome c and malondialdehyde (MDA), resulting in antioxidation effects against myocardial I/R injury by regulating the Nrf2/ARE/HO-1, Ras/MAPK, and PI3K/Akt signaling pathways. 4) Anti-inflammation: Tan IIA can inhibit the expression of inflammation-related cytokines, such as IL-1, IL-6, TNF-α, and ICAM-1; upregulate the expression of EPOR; decrease the activation of NF-κB (p50 and p65); inhibit FGL2 and MPO expression; ameliorate microvascular obstruction (MVO); downregulate the mRNA expression of iNOS; and downregulate HMGB1 expression, leading to an anti-inflammatory effect against myocardial I/R injury by activating NF-κB and regulating the JAK2/STAT5 and FGL2-thrombin/PAR-1 pathways. 5) Improve circulation: Tan IIA can promote the expression of VEGF and EPO and facilitate the proliferation and differentiation of vascular cells to help vascular repair by the PI3K-Akt/mTOR and HIF-1α/VEGF pathways.
4.5 Conclusion
Tan IIA exerts cardioprotective function in myocardial I/R injury mainly through antioxidant, anti-inflammatory, and anti-apoptosis mechanisms and improving the circulation and energy metabolism. Thus, Tan IIA is a promising cardioprotective agent that should be further tested in MI clinical trials.
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Introduction: Decreased exercise tolerance is a common symptom in patients with heart failure, which is closely related to protein degradation and apoptosis regulated by the ubiquitin-proteasome signaling (UPS) pathway. In this study, the effect of Chinese medicine, optimized new Shengmai powder, on exercise tolerance in rats with heart failure was investigated via the UPS pathway.



Methods: The heart failure model was prepared by ligating the left anterior descending branch of the coronary artery in rats, in which the sham-operated group was only threaded and not ligated. Rats (left ventricular ejection fraction ≤ 45%) were randomly divided into the following groups: model group, YHXSMS group, Benazepril group, and proteasome inhibitor Oprozomib group, and they were administered the corresponding drugs by gavage for 4 weeks. The cardiac function of rats was evaluated by performing an echocardiography examination and a hemodynamic test and the exercise tolerance was done by conducting an exhaustive swimming test. The mechanism was revealed by TUNEL detection, immunohistochemistry, immunofluorescence analysis, Western blot, and quantitative real-time PCR.



Results: The study showed that there was a decrease in cardiac function and exercise tolerance of rats in the model group and also destruction of cardiac and skeletal muscle fibers, a proliferation of collagen tissue, and an increment of apoptosis. Our study suggested that optimized new Shengmai powder could exert antiapoptotic effects on myocardial and skeletal muscle cells and improve myocardial contractility and exercise tolerance by inhibiting the overactivation of the UPS pathway, downregulating MAFbx, and Murf-1 overexpression, inhibiting the activation of the JNK signaling pathway, upregulating bcl-2 expression, and decreasing bax and caspase-3 levels.



Conclusions: The study showed that the optimized new Shengmai powder could improve cardiac function and exercise tolerance in rats with heart failure through the UPS pathway.
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1. Introduction

Heart failure is the end-stage of various heart diseases, and the number of patients with heart failure is increasing in the context of aging, with a 5-year survival rate comparable to malignant tumors (1). As one of the main symptoms of heart failure, decreased exercise tolerance seriously affects the quality of life and prognosis of patients (2, 3), which has become one of the focal areas of concern in heart failure treatment. Although many classical medicines for heart failure also influence exercise capacity, the improvement is limited (4, 5). In addition, although rehabilitation training can restore the muscle strength of patients to some extent and partially improve the prognosis (6, 7), not every patient is able to tolerate and persist with it. Currently, exercise tolerance and quality of life in patients with heart failure remain poor (8).

Many factors contribute to decreased exercise tolerance in patients with heart failure, including impaired cardiac and pulmonary reserves, which fail to deliver adequate amounts of oxygen to muscle tissues, as well as the abnormal function and metabolism of the skeletal muscle (such as the transition from the skeletal muscle fiber type I to type II) (9), myocyte apoptosis, and mitochondrial dysfunction (10, 11). However, the mechanisms that regulate abnormal skeletal muscle function and abnormal metabolism in heart failure remain unclear. It is worth noting that improving cardiac function by modifying ventricular remodeling alone is not equivalent to the corresponding improvement in skeletal muscle function, suggesting the presence of non-cardiogenic mechanisms leading to decreased exercise tolerance in patients with heart failure (12, 13). In addition, a wasting mechanism, called “skeletal muscle atrophy” caused by reduced exercise in heart failure, has been proposed, but exercise training only partially influences the changes occurring in the skeletal muscle (14, 15). At present, the mechanisms underlying the decline in skeletal muscle function in heart failure are still being explored.

There are specifically expressed ubiquitin ligases in both cardiac and skeletal muscles (16) that can regulate several vital activities such as protein degradation and apoptosis through the ubiquitin-proteasome signaling (UPS) pathway (17, 18) and participate in pathological processes such as ventricular remodeling (19–22) and skeletal muscle atrophy (23–25). It is suggested that the UPS may synchronize the regulation of cardiac and skeletal myopathy and play an important role in the decrease of exercise tolerance in patients with heart failure, which deserves further investigation.

Traditional Chinese medicine has advantages in the treatment of heart failure (26, 27) and for improvement in exercise tolerance (28). Optimized new Shengmai powder is a common prescription for treating heart failure in the First Teaching Hospital of Tianjin University of Traditional Chinese Medicine. It mainly consists of Astragalus membranaceus, Salvia miltiorrhiza, Semen lepidii, Radix codonopsis pilosulae, Acanthopanax senticosus, and others, which has the alleged effect of benefiting Qi, invigorating blood circulation, and promoting diuresis. The previous major science and technology project for “Significant New Drugs Creation” (No. 2010ZX09102-202) showed that the optimized new Shengmai powder could significantly reverse ventricular remodeling, increase cardiac systolic function (29), and improve exercise tolerance (28) in patients with heart failure with few side effects. However, its mechanism is unclear. Therefore, this study investigates the mechanism of the optimized new Shengmai powder in improving exercise tolerance in rats with heart failure by regulating the UPS pathway.



2. Materials and methods


2.1. Animal

A total of 100 male Wistar rats (200–240 g) were provided by Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China); the animal license number was SYXK (Jin) 2019-0002. The rats were given a general diet for adaptation for 7 days. Ten rats that could not swim or had poor swimming ability were eliminated by adaptive swimming training, and the remaining 90 rats were subjected to corresponding experiments (Figure 1). The animal experiment was approved by the Institute of Radiation Medicine Chinese Academy of Medical Sciences (IRM-DWLL-2017046), and all experiments complied with the Guide for the Institutional Animal Care and Use Committee.


[image: Figure 1]
FIGURE 1
Study designs. Left anterior descending (LAD) coronary artery was ligated to induce the heart failure model. Ten rats in the sham groups underwent identical procedures except that their LAD arteries were not ligated. The rats that were alive after surgery were randomly divided into four groups, with 10 rats in each group.




2.2. Experimental drugs

The optimized new Shengmai powder was composed of Astmgali radix, Codonopsis radix, Acanthopanacis Senticosi Radix Et Rhizoma Seu Caulis, Trionycis carapax, Descurainiae semen, Poria, Radix ophiopogonis, Fructus aurantii, and Salviae miltiorrhizae, which were provided by the First Teaching Hospital of Tianjin University of Traditional Chinese Medicine.

Benazepril was chosen as the control of Western medicine in this study. It belongs to the group of angiotensin-converting enzyme inhibitors, which is the cornerstone and preferred drug for the treatment of heart failure. Benazepril can reduce vascular resistance and improve cardiac output by inhibiting the conversion of angiotensin I to angiotensin II. At the same time, Benazepril can inhibit the activation of the renin–angiotensin–aldosterone system, reduce aldosterone secretion, and reverse ventricular remodeling. Moreover, Benazepril has been confirmed to improve clinical symptoms and increase exercise tolerance in heart failure patients (30). Benazepril (10 mg) was provided by Beijing Novartis Co., Ltd. (Lot No. X2695).

Oprozomib is an effective, orally active proteasome inhibitor that can inhibit 26S proteasome activity and depress the ubiquitin-proteasome signaling pathway. In this study, Oprozomib was chosen as a positive control in this study to verify whether the ubiquitin-proteasome signaling pathway is a common pathway between the cardiac and the skeletal muscle (31). The proteasome inhibitor Oprozomib was provided by MedChemExpress Co., Ltd. (Lot No. Cat.# HY-12113/CS-2767).



2.3. Modeling and grouping methods

Ninety healthy rats were anesthetized by administering intraperitoneal injection with Tribromoethanol. The rats were intubated and connected to a ventilator for assisted ventilation. The left anterior descending branch of the coronary artery in the rats was ligated to establish the heart failure models. Ten rats with only threading and no ligation was used as the sham-operated group. All rats were given 100,000 units of penicillin intraperitoneally for 3 days after surgery to prevent infection. The cardiac function of rats was examined at 6 weeks after operation using Vevo 2100 cardiac echocardiography to evaluate the success of modeling [left ventricular ejection fraction (LVEF) ≤ 45%]. According to the LVEF, rats meeting the standard were randomly divided into the following groups: model group, YHXSMS group, Benazepril group, and Oprozomib group, with 10 rats in each group. The sham-operated group and model group were given 4.5 mL/kg of blank solvent (0.5% CMC-Na) by gavage for 4 weeks, once a day. The YHXSMS group was given the optimized new Shengmai powder (8.1 g raw drug/kg) by gavage for 4 weeks, once a day (29, 32). The Benazepril group was given Benazepril (0.9 mg/kg) by gavage for 4 weeks, once a day. The Oprozomib group was given the proteasome inhibitor Oprozomib (30 mg/kg) by gavage twice a week and 4.5 mL/kg blank of solvent by gavage for the remaining days, once a day.



2.4. Echocardiography examination

After 4 weeks of administration, the rats were examined for cardiac function using Vevo 2100 cardiac echocardiography. A long-axis measurement package was selected on M-type images to measure the LVEF and left ventricular fraction shortening (FS).



2.5. Exhaustive swimming experiment

After 4 weeks of administration, the rats in each group were weighed. Lead strips, with the weight of 5% of the rat’s mass were used, rolled into small pieces, and tied at the root of the rat’s tails. The rats were placed in a plastic sink. The water depth was approximately 3 times the length of the rat’s tail, and the water temperature was (25–29)°C. The timer was immediately started to record the time from when the rats entered the water to the rat’s head sinking into the water for 10 s (i.e., the time of physical exhaustion).



2.6. Hemodynamics test

After 4 weeks of administration, four rats in each group were selected with fasting and water deprivation for 12 h, weighed and anesthetized by an intraperitoneal injection of injection of tribromoethanol, fixed on the rat plate, and intubated in the right carotid artery. The catheter was connected to the PowerLab data acquisition and analysis system through a pressure converter to determine the heart rate, left ventricular systolic pressure, left ventricular end-diastolic pressure, left ventricular end-systolic pressure, and maximum rate of increase in the left ventricular pressure (LV + dp/dt max) of rats.



2.7. Histopathology

After 4 weeks of administration, the rats were sacrificed. The left ventricular cardiac muscle and gastrocnemius muscle tissue were extracted, and the tissues were fixed with a 4% paraformaldehyde solution. Then, the specimens were made into paraffin-embedded sections with a thickness of 4 μm and the slices were stained with hematoxylin–eosin (HE) and Sirius Red F 3B (SR). The level of fibrosis around the myocardial infarction area and skeletal muscle was observed and the collagen area was measured under a light microscope.



2.8. TUNEL detection

The TUNEL method was used to detect apoptosis by following the instructions (G1502-100 T, Servicebio, China). Green fluorescent cell nuclei were regarded as the uniform standard for all positive cells using Image software, while the identically labeled DAPI blue nuclei were regarded as total cells. The number of positive cells in each photograph and the total number of cells in the photograph were calculated, and the percentage of positive cells (positive cell number/total cell number * 100) was calculated as the apoptosis rate (%).



2.9. Immunohistochemistry

Immunohistochemical staining was used to assess the protein levels of MAFbx, Murf-1. The paraffin-embedded sections of 4 μm thickness were incubated with 0.3% H2O2 at indoor temperature, closed with 5% BSA, then incubated with the antibodies of MAFbx and Murf-1 at 4°C overnight, followed by 2 h of incubation at indoor temperature using secondary antibodies. The slices were observed under a light microscope, and three areas of each slice were randomly selected for photography. Image-Pro Plus 6.0 software was applied to analyze the accumulated optical density (IOD) and pixel area (AREA) of each photograph, and the average optical density (AO) was calculated (AO = IOD/AREA). The higher the AO value meant a higher positive expression level.



2.10. Immunofluorescence analysis

The activity of Caspase-3 proteasome was measured by the immunofluorescence method. The tissue sections were placed in an ethylene diamine tetraacetic acid (EDTA) antigen repair buffer and repaired in a microwave oven. After washing with PBS, autofluorescence quench was added for 5 min, BSA was incubated at room temperature for 30 min, and then primary antibodies were added at 4°C overnight. Thereafter, DAPI staining solution was added drop by drop, and the slices were sealed and observed under a fluorescence microscope. Nuclei were blue under UV excitation, and the positive expression was a red light labeled with the corresponding fluorescein.



2.11. Western blot

The total amount of protein of the rat cardiac muscle tissue and gastrocnemius muscle tissue was extracted, and the protein concentration was determined by the bicinchoninic acid method. The extracted proteins were then separated by way of sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and the proteins were then transferred onto the polyvinylidene fluoride (PVDF) membrane. After blocking with 5% skimmed milk powder for 2 h, primary antibodies MAFbx (1:100, Art. No.sc-166806, Santa, USA), murf-1 (1:1,000, Art. No.bs-2539R, BIOSS, China), JNK (1:1,000, Art. No.PA003084, Cusabio, China), Bcl-2 (1: 1,000, Art. No. ab196495, Abcam, UK), bax (1:5,000, Art. No.ab32503, Abcam, UK), caspase-3 (1:500, Art. No.ab13847, Abcam, UK), GAPDH (1:2,500, Art. No.ab9485, Abcam, UK) were added separately and incubated at 4°C overnight. The next day, after 2 h incubation with secondary antibodies at indoor temperature, the target bands were exposed to an ultrasensitive multifunction imager, and then the expression intensity of each target protein/GAPDH was analyzed using ImageJ software 1.8.0.



2.12. Quantitative real-time PCR

Total RNA was extracted from cardiac and gastrocnemius tissues using the HP Total RNA Kit (R6812-01, Omega Bio-tek, Norcross, GA), and the RNA was reversed to cDNA using HiScript® Q RT SuperMix (R122-01, Vazyme, China), followed by quantitative real-time PCR (qRT-PCR) using SYBR qPCR Master Mix (Q711-02, Vazyme, China). The primer sequences used in this study are given in Table 1. The relative quantitative expression of mRNA 2−△△CT was analyzed with the circulation threshold.


TABLE 1 The sequence of forward and reverse primers.
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3. Results


3.1. Effects of the optimized new Shengmai powder on cardiac function and exercise tolerance in rats

Before administration, compared with the sham-operated group, the levels of the LVEF and FS of rats in the other groups decreased, and the differences were statistically significant (P < 0.01). Meanwhile, there was no statistical difference among the model group, YHXSMS group, Benazepril group, and Oprozomib group in terms of the levels of the LVEF and FS before administration (P > 0.05). After 4 weeks of administration, these levels increased in the YHXSMS, Benazepril, and Oprozomib groups compared with the model group (P < 0.05, P < 0.01). Hemodynamics showed that the levels of LV + dp/dt max (mmHg/s) and left heart function decreased in the model group compared with the sham-operated group (P < 0.01), while the level of LV + dp/dt max (mmHg/s) in the YHXSMS group and Benazepril group increased compared with the model group (P < 0.01). As for exercise tolerance, there was a shortened swimming time in the model group compared with the sham-operated group (P < 0.01), while it was an extended one in the YHXSMS, Benazepril, and Oprozomib groups compared with that in the model group (P < 0.01) (Figure 2).


[image: Figure 2]
FIGURE 2
Changes in cardiac function and exercise tolerance of rats in each group before intragastric administration (i.e., baseline) and after intragastric administration (i.e., 4 week post). (A) Echocardiogram of rats in each group before and after intragastric administration. (B) Changes in the LVEF of rats in each group before and after intragastric administration. (C) Changes in the FS of rats in each group before and after intragastric administration. (D) Hemodynamic changes in rats in each group after intragastric administration. (E) Changes in the swimming time of exhaustion of rats in each group after intragastric administration. At baseline, the sham-operated group compared with the rest of the rats, △△P < 0.01. 4 week post, compared with the sham-operated group, ##P < 0.01, compared with the model group, *P < 0.05, **P < 0.01.




3.2. Effects of the optimized new Shengmai powder on the structure of the cardiac muscle and skeletal muscle in rats

HE staining showed that the myocardial fibers were arranged densely and neatly, the nuclei were clearly visible, the cytoplasm was uniformly red-stained, and the cell membrane was intact with clear boundaries in the sham-operated group. Myocardial fibers in the marginal area of myocardial infarction were disorganized with partial rupture, and there was a significant widening of the myocardial gap with varying shades of cytoplasmic staining in the model group. In the YHXSMS, Benazepril, and Oprozomib groups, the myocardial fibers were relatively regular in shape, with an inconspicuous widening of the muscle gap and a relatively uniform cytoplasmic staining. The skeletal muscle cells in the sham-operated group had normal outlines, complete cytosolic membranes, neatly arranged myogenic fibers, and clear structures. In contrast, the skeletal muscle fibers in the model group were disorganized and the muscle fiber gaps were broad, accompanied by a disruption in integrity and continuity. There was a significant reduction in pathological changes in the skeletal muscle in the YHXSMS, Benazepril, and Oprozomib groups compared with the model group.

SR staining showed that there were few red collagen fibers in the sham-operated group, and the red collagen area of the myocardial tissue increased in the model group compared with the sham-operated group (P < 0.01). Compared with the model group, there was a reduction in the red collagen area of the myocardial tissue in the YHXSMS, Benazepril, and Oprozomib groups (P < 0.01). Skeletal muscle tissue collagen fibers were rare in the sham-operated group, while there was a proliferation of collagen fibers and a reduction in the cross-sectional area of the skeletal muscle in the model group (P < 0.01). Compared with the model group, there was a reduction in the red collagen area of the skeletal muscle tissue in the YHXSMS, Benazepril, and Oprozomib groups (P < 0.01) (Figure 3).


[image: Figure 3]
FIGURE 3
HE and SR staining of the myocardium and skeletal muscle of the rats. (A) HE staining of the rats’ myocardium and skeletal muscle. (B) SR staining of the rats’ myocardium and skeletal muscle. (C) Changes in the collagen area of the myocardial tissue of rats in each group. (D) Changes in the collagen area of the skeletal muscle of rats in each group. Compared with the sham-operated group, ##P < 0.01. Compared with the model group, **P < 0.01.




3.3. Effects of the optimized new Shengmai powder on TUNEL staining and the apoptosis rate of cardiac and skeletal muscle cells in rats

TUNEL staining showed that a small number of green fluorescent cells were visible in the sham-operated group, while a large number of positive green fluorescent cells were visible in the model group with an increased apoptosis rate (P < 0.01). Compared with the model group, the YHXSMS, Benazepril, and Oprozomib groups had fewer positive green fluorescent cells and a lower apoptosis rate (P < 0.01) (Figure 4).


[image: Figure 4]
FIGURE 4
Comparison of TUNEL staining and the apoptosis rate between the cardiac and the skeletal muscle cells of rats. (A) TUNEL staining of the cardiac muscle cells of rats. (B) TUNEL staining of the skeletal muscle cells of rats. (C) Comparison of apoptosis in the cardiac muscle cells of rats. (D) Comparison of apoptosis in the skeletal muscle cells of rats. Compared with the sham-operated group, ##P < 0.01. Compared with the model group, **P < 0.01.




3.4. Effects of the optimized new Shengmai powder on the expression of MAFbx and Murf-1 protein of the cardiac and skeletal muscles in rats by immunohistochemistry

Immunohistochemistry showed that there were increased MAFbx and Murf-1 protein expressions in the model group compared with those in the sham-operated group (P < 0.01). Compared with the model group, there were reduced MAFbx and Murf-1 protein expressions in the YHXSMS, Benazepril, and Oprozomib groups (P < 0.01) (Figure 5).
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FIGURE 5
Immunohistochemical results of the expression of MAFbx and murf-1 proteins in the myocardium and skeletal muscle of rats. (A) Staining of MAFbx and Murf-1 in the myocardium and skeletal muscle. (B) Changes in MAFbx protein expression in the myocardium. (C) Changes in Murf-1 protein expression in the myocardium. (D) Changes in MAFbx protein expression in the skeletal muscle. (E) Changes in Murf-1 protein expression in the skeletal muscle. Compared with the sham-operated group, ##P < 0.01. Compared with model group, **P < 0.01.




3.5. Effects of the optimized new Shengmai powder on apoptosis gene Caspase-3 of cardiac and skeletal muscles in rats

The results of immunofluorescence analysis showed that more nuclei were stained with red fluorescence in the cardiac and skeletal muscles of rats in the model group than in the sham-operated group (P < 0.01). Compared with the model group, there was a lower number of nuclei with red fluorescence in the YHXSMS, Benazepril, and Oprozomib groups (P < 0.05, P < 0.01) (Figure 6).


[image: Figure 6]
FIGURE 6
Results of immunofluorescence analysis of caspase-3. (A) Fluorescent staining of caspase-3 in cardiac muscle cells. (B) Fluorescent staining of caspase-3 in skeletal muscle cells. (C) Comparison of Caspase-3 activity in cardiac muscle cells. (D) Comparison of Caspase-3 activity in skeletal muscle cells. Compared with the sham-operated group, ##P < 0.01. Compared with the model group, *P < 0.05, **P < 0.01.




3.6. Effect of the optimized new Shengmai powder on the expression of UPS pathway-related proteins in the cardiac and skeletal muscles of rats

The results of Western blot analysis showed that there were increased levels of MAFbx, Murf-1, JNK, and Caspase-3 and a decreased expression of Bcl-2/Bax in the model group compared with those in the sham-operated group (P < 0.01). In contrast to the model group, there were decreased MAFbx, Murf-1, JNK, and Caspase-3 levels and an increased Bcl-2/Bax expression in the YHXSMS, Benazepril, and Oprozomib groups (P < 0.05, P < 0.01) (Figures 7, 8). The results of qRT-PCR showed that there were increased MAFbx, Murf-1, JNK, Caspase-3, and Bax levels and a decreased Bcl-2 expression in the model group compared with those in the sham-operated group (P < 0.05, P < 0.01). In contrast to the model group, there were decreased MAFbx, Murf-1, JNK, Caspase-3, and Bax levels and an increased Bcl-2 expression in the YHXSMS, Benazepril, and Oprozomib groups (P < 0.05, P < 0.01) (Figures 9, 10).


[image: Figure 7]
FIGURE 7
Expression of cardiac muscle–related proteins. (A) The results of Western blot analysis. (B–F) Expression levels of MAFbx, Murf-1, JNK, Caspase-3, and Bcl-2/Bax in each group. Compared with the sham-operated group, ##P < 0.01. Compared with the model group, *P < 0.05, **P < 0.01.



[image: Figure 8]
FIGURE 8
Expression of skeletal muscle–related proteins. (A) The results of Western blot analysis. (B–F) Expression levels of MAFbx, Murf-1, JNK, Caspase-3, and Bcl-2/Bax in each group. Compared with the sham-operated group, ##P < 0.01. Compared with the model group, *P < 0.05, **P < 0.01.



[image: Figure 9]
FIGURE 9
Expression of myocardial-related mRNA. (A–F) Expression levels of MAFbx, Murf-1, JNK, Caspase-3, Bcl-2, and Bax in each group. Compared with the sham-operated group, #P < 0.05, ##P < 0.01. Compared with the model group, *P < 0.05, **P < 0.01.



[image: Figure 10]
FIGURE 10
Expression of skeletal muscle–related mRNA. (A–F) Expression levels of MAFbx, Murf-1, JNK, Caspase-3, Bcl-2, and Bax in each group. Compared with the sham-operated group, #P < 0.05, ##P < 0.01. Compared with the model group, *P < 0.05, **P < 0.01.





4. Discussion

The UPS consists of ubiquitin, ligases, and 26S proteasome, which has a wide range of biological functions to regulate protein degradation and apoptosis (33, 34). The formation of ubiquitin–protein complexes requires three enzymes that can catalyze a continuous reaction of ubiquitin, including the E1 ubiquitin-activating enzyme, E2 ubiquitin-conjugating enzyme, and E3 ubiquitin ligase. In particular, E3 ubiquitin ligase can specifically recognize and bind target proteins and catalyze the degradation of proteins by the 26S proteasome. Studies have found that E3 ubiquitin ligase, MAFbx, and Murf-1 are specifically expressed in the myocardium and skeletal muscle, which are involved in ventricular remodeling and skeletal muscle atrophy and other pathological processes.

It has been shown that a high expression of MAFbx in cardiomyocytes enhances the phosphorylation of JNK. Furthermore, being the regulator upstream of Bcl-2 and Bax, JNK can decrease the expression of Bcl-2, increase the expression of Bax, and increase the activity of caspases-3, which are involved in apoptosis (35, 36). On the other hand, Murf-1 in the myocardial tissue can increase cTnI degradation through ubiquitination, which causes a reduction in myocardial contractility and leads to ventricular remodeling (19). Meanwhile, the results of animal experiments have confirmed that MAFbx is involved in apoptosis and fast and slow muscle fiber transitions through the regulation of JNK signaling in the skeletal muscle (37, 38). Murf-1 is involved in the shear degradation of Myosin, which leads to a decrease in muscle fiber contractility and exercise tolerance (39, 40). However, previous studies on decreased exercise tolerance in heart failure mostly focused on single isolated studies to improve ventricular remodeling and increase myocardial contractility, without linking non-cardiogenic skeletal muscle lesions as an organic whole. These studies were based on the hypothesis that “UPS is a common pathway of cardiac muscle and skeletal muscle degradation and apoptosis in heart failure, and the optimized new Shengmai powder can effectively improve ventricular remodeling and skeletal frontal myopathy by regulating both myocardial and skeletal muscle targets simultaneously through the UPS signaling pathway, thus improving exercise tolerance.” The results showed that there was a reduction in cardiac function, a decrease in exercise tolerance, damage to cardiac and skeletal muscle fibers, a proliferation in collagen tissue, and an increased apoptosis in rats with heart failure. A further mechanism study revealed that there was an overactivation of the UPS pathway in the rat cardiac and skeletal muscle tissues, with increased expressions of MAFbx and Murf-1, which, in turn, activated the downstream JNK signaling pathway responsible for apoptosis and differentiation (41–44), triggering the downregulation of bcl-2 and upregulation of bax, and activating caspase-3 to promote apoptosis (Figure 11). However, the optimized new Shengmai powder could exert antiapoptotic effects on the myocardial and skeletal muscle cells and improve myocardial contractility and exercise tolerance by inhibiting the overactivation of the UPS pathway, downregulating MAFbx and Murf-1 overexpression, decreasing the activation of the JNK signaling pathway, increasing bcl-2 expression, and inhibiting bax and caspase-3 levels.


[image: Figure 11]
FIGURE 11
Ubiquitin-proteasome signaling pathway.


In response to the multifactorial, multilinked, and multisite characteristics of the decline in exercise tolerance in heart failure (45), the optimized new Shengmai powder could modulate cardiac and skeletal muscles together through the UPS pathway. Modern pharmacological studies have shown that the Astragalus membranaceus in this powder can promote cardiac microvascular formation, ameliorate cardiomyocyte hypertrophy, alleviate excessive oxidative stress, modify energy metabolism disorders, and reduce cardiomyocyte apoptosis (46, 47). Its main component, astragaloside IV, can ameliorate the pathological changes and fibrotic deposition of myocardial infarction and improve cardiomyocyte survivability (48). Radix Codonopsis pilosulae can inhibit platelet aggregation, enhance microcirculation, and regulate blood lipids (49), which can effectively improve myocardial energy metabolism, reduce inflammatory response, and protect the myocardium (50). Acanthopanax senticosus can resist myocardial ischemia, arrhythmia, and oxidation reaction (51). Acanthopanax senticosus saponins can inhibit apoptosis by downregulating Caspase-3 and Bax protein expressions (52). Salvia miltiorrhiza is known for its wide range of benefits such as preventing cardiovascular diseases, reducing myocardial damage, as well as fighting inflammation and antioxidants (53, 54). Semen lepidii can ameliorate cellular oxidative stress, inhibit endogenous apoptotic pathways, and effectively protect the damaged H9C2 cardiomyocytes (55). Ophiopogon japonicus is able to resist the formation of thrombosis, decrease blood sugar, and regulate immunity (56), while its active ingredient, methylophiopogonanone A, can reduce the myocardial infarct area and inhibit cardiomyocyte apoptosis (57). Fructus aurantii has the ability to inhibit the myocardial remodeling and inflammatory response of vascular endothelial cells and also inhibit platelet aggregation (58). The optimized new Shengmai powder contains various drug components, which is, therefore, worthy of further study.



5. Conclusion

This study showed that the optimized new Shengmai powder could exert antiapoptotic effects on myocardial and skeletal muscle cells and improve myocardial contractility and exercise tolerance by inhibiting the overactivation of the UPS pathway, downregulating the overexpression of MAFbx, and Murf-1, inhibiting the activation of the JNK signaling pathway, upregulating bcl-2 expression, and decreasing bax and caspase-3 levels. However, it is necessary to further screen the specific compound components of the optimized new Shengmai powder and explore how they produce this protective function.
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Digitalization has emerged as a new trend in healthcare, with great potential and creating many unique opportunities, as well as many challenges. Cardiovascular disease is one of the major causes of disease-related morbidity and mortality worldwide, and the threat to life posed by acute heart failure is evident. In addition to traditional collegiate therapies, this article reviews the current status and subdisciplinary impact of digital healthcare at the level of combined Chinese and Western medical therapies. It also further discusses the prospects for the development of this approach, with the objective of developing an active role for digitalization in the combination of Western and Chinese medicine for the management of acute heart failure in order to support maintenance of cardiovascular health in the population.
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1. Introduction

Digital medicine is a new method of medical treatment that involves the application of modern computing technology and information technology to medical treatment. China has gradually begun to apply computing technology in the context of hospitals since the 1960s, and the use of digital medicine has gradually evolved from a low level, involving the use of simple applications, to one of great breadth and depth. The use of digital tools upgrades the practice of medicine to a high-definition and more personalized level. A smartphone-centric approach enables each individual to generate real-world data and pay more attention to their health (1). With the development of AI technology, AI is transforming electrocardiograms (ECGs) into screening tools and predictors of cardiac and non-cardiac disease through the discovery of common subclinical patterns in very large data sets, often in asymptomatic individuals, without hard-coded rules (2). AI can effectively interpret the information in the ECG, and can thereby provide significant help in rapidly suggesting effective diet, exercise, and maintenance interventions, identifying potential disease hazards, and enhancing the daily protection of patients. On the other hand, the retrieval of past information is a new problem, since patients' activity trajectories are not constant, different regional databases are not connected, and data can be lost due to system updates. The implementation of a consistent system of digital records and medical history-taking will undoubtedly improve the diagnosis and treatment of diseases. At the same time, duplication of tests or delays in the diagnostic or treatment process can be avoided. Ultrasound, endoscopy, tomography, and pathology/histology already offer considerable digital potential, such as AI-supported diagnosis and treatment of visceral diseases. This helps with standardization, improvement of the detection of pathological findings, and acceleration of the diagnosis (3).

Acute heart failure (AHF) is becoming a global epidemic due the high morbidity, mortality, and cost of treatment associated with it (4). Hospital admission for acute heart failure is the most common cause of hospitalization in patients over 65 years of age. Now that population aging is a global mega-trend, acute heart failure is bound to become a global public health burden. AHF is associated with significant multi-organ dysfunction, and particularly with worsening renal function and ultimately failure, which leads to a long clinical course for AHF patients and prolonged hospitalization of patients; the management of the acute phase also poses a challenge to hospital systems. A great deal of effort is required to achieve good outcomes. Heart failure patients have nurses who closely monitor changes in their condition during hospitalization, and overall treatment compliance is high. However, after discharge, inadequate disease awareness, along with untimely treatment and index testing, predisposes patients to improper disease management, resulting in repeated admissions and a poor prognosis. Acute heart failure can be triggered again by factors external to the patient or by their own emotions or labor, so it is also necessary to maintain and observe all the patient's basic data indicators. Therefore, certain apps and sports watches used for health monitoring and medication reminders play a very prominent role in the lives of heart failure patients. They can detect and record the patient's heart rate, blood pressure, and sleep quality, which is beneficial for the patient's self-regulation and provides a more comprehensive data record for reference by their doctors. However, although smartphones and watches can measure blood pressure, the reliability of the data is not yet accepted by doctors for analysis of the patient's condition. One way to address these serious shortcomings is to embed multimodal sensors in household appliances to enable the collection of information on physical activity, sleep quality, and vital signs in daily life (5). Acute heart failure has an acute onset, and once a patient is encountered with sudden onset of the disease, the time available for effective resuscitation is a matter of seconds. Efficient and timely resuscitation depends on a sound and effective emergency medical system. The modern emergency medical system consists of pre-hospital emergency management, the hospital emergency department, and monitoring rooms. The application of a dedicated network in hospitals helps to quickly transfer the data collected by wireless monitoring equipment to the hospital. The patient's consultation records can be accessed through the database, which is helpful in enabling experts to judge the patient's condition and significantly reduces the time and cost of emergency medical treatment.

Currently, conventional Western medical treatment combined with Chinese medicine can effectively improve cardiac insufficiency, clinical symptoms, and quality of life in patients with acute heart failure. There is an urgent need to form clinical guidelines for the treatment of heart failure that can be followed and repeated, especially given the significant advantages of remote monitoring in the management of patients with acute heart failure. There is an urgent need to apply health programs and other digital medical technologies in order to adjust the existing Chinese and Western healthcare models and thus optimize clinical treatment protocols (6). Based on this view, this article summarizes the current status of the corresponding research and the main bottlenecks in integrating digital healthcare for acute heart failure with combined Chinese and Western treatments. We also draw out the prospects and potential of the use of digital prevention and treatment with combined Chinese and Western medicine in acute heart failure, in order to provide a basis for the proposal and development of new strategies and protocols for the clinical management of acute heart failure.



2. The current state of digital healthcare in acute heart failure

Cardiovascular disease is the leading cause of morbidity and mortality worldwide, and up to half of heart failure patients die within 5 years of first diagnosis (7), putting enormous pressure on healthcare budgets and insurance premiums (8). A number of studies have shown that through the use of telecontrol, telemedicine, and wearable intelligent devices for heart failure patients, along with the use of various methods, such as cell phones, to detect the patient's clinical status and the stability of their condition, a 20% reduction in all-cause mortality can be achieved. Additionally, according to a meta-analysis, the positive effect on the condition produced by the use of telecontrol and telemedicine at home is likely to be dependent on timing, with the effect showing an enhanced trend from 0 to 6 months and a diminishing trend from 6 months to 12 months (Figure 1), as well as the relevance of factors such as weight, blood pressure, and other vital signs and psychological characteristics (9). Analyses can be conducted on the data collected in order to draw conclusions or to model diseases and patients; these methods can also provide support for further digitization, i.e., in the field of artificial intelligence.
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FIGURE 1
Demonstrates the importance and necessity of prevention and treatment by showing the progress of their disease.


With the availability of more data dimensions and a greater focus on modeling, machine learning and deep learning have also been gradually increasing in use in recent years for algorithms such as prediction and identification (10). As mentioned previously, most of the data sources for these models come from clinical cases, records, and data generated by telemedicine and wearable devices. The aim is primarily to detect and accurately identify patients who need interventions to reduce mortality (11). The algorithms used include neural networks, random forest algorithms, and logistic regression (12). These can be used to validate original models and to generate new models based on relevant studies (13), thereby having an enormous impact on population health. At the same time, various studies also recognize that this technology has great potential and high upsides.



3. Current status of combined Chinese and western medical therapies for acute heart failure


3.1 General situation


3.1.1 Preparations and ready-to-use medicines

Heart failure is a disease characterized by weakness, palpitation, wheezing, and edema of the limbs. In clinical practice, the primary treatment method is to enhance Qi, nourish Yin, warm Yang, and promote water, and the prescriptions often used are Zhen Wu prescription, Si Wei Renshen prescription, Shengmai San, etc. The final medicine is often administered in the form of a Ganjiangfuzi prescription, Tianwangbuxin Dan, or Shexiangbaoxin pill.

Lu X et al. observed the effects of a Ganjiangfuzi prescription on cardiac function and plasma biochemical indices in a rat model of acute heart failure; they found that the administration of Ganjiangfuzi prescription at different concentrations caused a dose-dependent increase in + dP/dtmax and also an increase in -dP/dtmax, suggesting that Ganjiangfuzi prescription has the effect of maintaining and improving cardiac function in rats with acute heart failure (14). In terms of biochemical indexes, CK, LDH, BNP, and cTnT were reduced to a greater extent in the plasma of rats in the Ganjiangfuzi prescription group, and this group showed concentration-dependent effects in comparison with other groups, using a control group as reference. This finding suggests that the efficacy of Ganjiangfuzi prescription is more significant in acute heart failure compared with that of the Western drug digoxin and the application of Fuzi or Ganjiang alone.

Fu J et al. divided the rats used in the model of heart failure into three groups: two experimental groups were administered Qiliqiangxin capsules and Benadryl at appropriate concentrations, and the control group was administered equal amounts of saline by oral gavage (15). Efficacy observations indicated that both interventions significantly improved the biochemical indices of heart failure, among which, the effect of Qiliqiangxin capsules on AngPRL-4 was more substantial than that of Benazepril. In addition, the two experimental groups also exhibited effects on the potential metabolic markers of heart failure, with Qiliqiangxin capsules being more effective than Benazepril in regulating the metabolism of lipoxides and LPA.



3.1.2 Injections

Chinese herbal injections are an extension and development of tonics and have been used for more than seventy years (16). Because of their rapid therapeutic effects, various types of injections are widely used in clinical practice today (17).

Renshen and Maidong are widely used in these injections. Modern pharmacological studies have shown that Renshen has the effect of inhibiting the activity of Na + -K + -ATPase, promoting Ca2 + inward flow, enhancing myocardial contraction, and improving cardiac function (18). The active ingredient in Maidong is Maidong polysaccharide, which protects cardiomyocytes, improves blood flow, and is able to increase free radicals and remove oxygen free radicals produced by myocardial ischemia, thereby dilating the coronary arteries and increasing blood flow there.

In Li M et al., patients with acute heart failure were allocated to two groups, with the treatment group being administered a Shenfu injection combined with levosimendan infusion and the control group being administered only levosimendan infusion (19). Efficacy was greater for the treatment group than for the control group, with the treatment group showing more significant improvement in blood pressure and hemodynamic parameters.

Wang SM et al. divided patients falling into cardiac functional classes II-IV into three groups: a group treated with Shenmai injection drip, a group treated with trimetazidine drip, and a group treated with conventional heart failure medication (control group) (20). Hu SY et al. used salt-sensitive rats to construct a hypertensive heart failure model, and divided such rats into three groups: a control group, a pirfenidone group, and a Shenmai injection group (21). The results showed that the left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (LVFS) were more effectively increased among rats with heart failure in the Shenmai injection group than among those in the control group, and an improvement in myocardial morphology and a significant decrease in collagen volume fraction were observed in section staining (P < 0.05). Additionally, expression of type I collagen was reduced in the rats in the Shenmai injection group, suggesting that Shenmai injection inhibited myocardial fibrosis induced by hypertension.

Most existing studies have found positive effects in terms of the efficacy of TCM (traditional Chinese medicine) in the treatment of acute heart failure, with significant improvements to biochemical parameters and hemodynamics. It should be noted that the number of studies available in the literature for inclusion is small, so further research is needed on the topic of combined Chinese and Western medicine for the treatment of acute heart failure. We hope that more relevant clinical trials will emerge in the future.




3.2. Special implications in pediatrics and emergency care


3.2.1. Current status of combined Chinese and western medicine in the treatment of pediatric acute heart failure

Acute heart failure is a common acute and critical illness in pediatrics. A number of recent experiments have involved systematic use of a combination of Chinese and Western medicine in order to observe the effects of this treatment and compare it to treatment with Western medicine alone; it has been found that treatment with a combination of Chinese and Western medicine has better efficacy in this disease.

In one study, a control group was administered routine treatment with cardiotonics, diuretics, vasodilators, and other Western drugs, while a treatment group was treated with Chinese medicine formulas according to the diagnosis and treatment, with the inclusion of different Chinese medicines according to various strands of evidence; the principle of medication was always the same. The finding was that the cure rate of the treatment group was significantly higher than that of the control group, and the onset of action days was also significantly shorter in the treatment group than in the control group. This indicates that a combination of Chinese and Western medicine for treatment of acute heart failure in infants and children is more effective and quicker than Western medicine alone (22).

Some experiments have shown that the addition of Shenmai or Shenfu injection to a foundation of conventional treatment with Western drugs (such as cardiac stimulants and diuretics) can reduce the dosage of cardiac glycosides, alleviate their toxic side effects, and shorten the amount of time needed to correct the issue in cases of pediatric acute heart failure, achieving better efficacy (23). In cases of pediatric pneumonia combined with heart failure, combined treatment with Chinese and Western medicine is more effective than Western medicine alone in terms of anti-infection effects, improvement of microcirculatory disorders, and cardiopulmonary diuresis (24). However, the results of treatment for pediatric acute heart failure cannot be easily determined by laboratory indicators and auxiliary examinations. Instead, they can only be evaluated based on cardiac auscultation, symptoms, and changes in signs.



3.2.2. Current status of combined Chinese and western medicine in treatment of acute heart failure

Timely remediation of acute heart failure can improve the cure rate and reduce morbidity and mortality. Combined treatment with Chinese and Western medicine can achieve better efficacy in remediation. Studies have shown that the use of intravenous injection of Chinese herbal medicine (Shengmai injection) and oral administration of Dushen to stabilize blood pressure can enable gradual reduction of the dose of vasoactive drugs to the point of full withdrawal, which can help to eliminate the phenomenon of dependence on vasoactive substances and to achieve better stabilization of blood pressure (25). Additionally, Chinese medicine can play an anti-inflammatory role. Some animal studies have shown that Huangqi can inhibit the activity of nuclear transcription factor IKB in myocardial tissue after infectious shock, thus playing an anti-inflammatory role, and can inhibit the production of malondialdehyde (MDA) to prevent excessive inflammatory response and immunosuppression, thus playing the role of myocardial protection. In addition to a higher resuscitation success rate, stability and long-term efficacy are also improved under this treatment (26). A clinical study showed that patients treated with a combination of Chinese and Western medicine had more successful resuscitation rates, fewer referrals for poor mental health, more stable vital signs, and better sleep and diet compared to those treated with conventional Western medicine.




3.3. COVID-19 sequelae and acute heart failure

COVID-19 is a novel severe acute respiratory syndrome caused by a coronavirus. During the global COVID-19 pandemic, socioeconomic deprivation, social isolation, and reduced physical activity may have induced heart failure (HF) and further complications (27) (Figure 2). The pandemic has caused severe public health crises and economic hardship around the world, and has led to a surge in acute cardiovascular deaths, nearly half of which occur in the community. However, most have not been directly related to COVID-19 infection, suggesting that they are the result of delays in seeking help, psychological problems caused by COVID-19, or possibly the result of undiagnosed COVID-19 (28). It has become evident in many studies that people experience elevated levels of anxiety and depression during the acute phase, with the first appearance lasting several weeks. Technological tools, such as text messaging and online social networking platforms, can help to alleviate psychological distress in the workplace and in society (29).
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FIGURE 2
Mechanisms of COVID-19.


COVID-19-induced HF manifests through various mechanisms, such as acute respiratory distress syndrome and respiratory failure, which can lead to acute heart failure as a result of severe hypoxia. The incidence of HF in patients with COVID-19 is significant; this is associated with a very high mortality rate, and patients with a history of HF are prone to acute decompensation after a diagnosis of COVID-19 (30). In the absence of specific drugs, the application of TCM can serve as a valuable reference treatment. Under TCM theory, the main strategies to clear the lungs, detoxify the body, and warm Yang (31). A meta-analysis in which six databases were searched between January 1 and December 31, 2020 showed that treatment with a combination of Chinese and Western medicine treatment significantly improved overall treatment efficiency, chest CT findings, disease progression, and sequelae. Thus, the combination of Chinese and Western medicine treatment is effective in improving clinical efficiency, improving clinical symptoms, and preventing disease progression in patients with COVID-19 (32).




4. Current status of and outlook for digital prevention and treatment of acute heart failure with Chinese and western medicine


4.1. Current situation

According to clinical guidelines, traditional heart failure is treated with angiotensin-converting enzyme inhibitors or angiotensin receptor antagonists, β-blockers, and aldosterone receptor antagonists; these treatments have apparent clinical efficacy, but they also produce adverse effects, such as individual treatment effects and drug intolerance. Chinese medicine treatment is based on the idea of diagnosis and treatment, and it is widely used in clinical treatment to provide patients with individualized treatment plans. At present, treatment of heart failure with TCM has been proven to have certain advantages in mitigating myocardial cell injury and improving cardiac function (33).

In clinical treatment, TCM combined with Western medicine is more effective than conventional Western medicine alone in the treatment of acute heart failure (34). Sildiran combined with Shenfu injection can effectively improve TCM evidence score and Lee's score; effectively improve cardiac function and hemodynamics; increase LVEF; and reduce Lac and NT-pro BNP levels (based on weekly calculations). Shenmai injection combined with recombinant human brain natriuretic peptide in the treatment of acute left-sided heart failure patients can improve the overall efficiency of treatment, improve blood gas index levels and hemodynamic indices, and reduce the incidence of adverse effects to a greater extent than recombinant human brain natriuretic peptide alone (35). The combination of Shexiangbaoxin pill and levosimendan can effectively improve heart ejection fraction and the magnitude of BNP changes, as well as reducing the incidence of adverse reactions after treatment, which can improve therapeutic effects and drug safety in the treatment of acute heart failure (36). Additionally, acupuncture at the Neiguan point combined with Western medicine has been found to achieve better efficacy in patients with acute left-sided heart failure, improving their symptoms and cardiac function; acupuncture can also effectively reduce serum myocardial injury-related markers and inflammatory cytokine levels in patients (37). Therefore, it has been confirmed that the combination of Chinese and Western medicine has improved clinical effects in treating acute heart failure and is worthy of clinical application.



4.2. Outlook and challenges: pain points and choke points

Prevention of acute heart failure must involve effective control of various risk factors for cardiovascular stress. Therefore, it is necessary to be able to detect and regulate physical health indicators in a timely manner in real time. An initial promising direction for the future treatment and prevention of acute heart failure is the use of digital home devices. Home device products should be visually appealing and compact in size, as well as easy and simple to operate. The risks of using them should be low and the safety value high, and other major standards in terms of product characteristics should be developed in due course in order to establish optimal quality standards for the industry, thereby avoiding variability in the quality of these products, which would result in industrial development and potential frustration. In addition, there are numerous weak links in the manufacturing of Internet of Things devices, in terms of how to achieve manufacture, the use of 3D holographic stereo laser printing equipment for processing, and the use of artificial intelligence and computing platforms that can potentially strengthen the field of modern processing technology in order to enhance effective and seamless cross-combination with traditional industrial Internet technology and enable upgrading between enterprises (38).

According to a comparison of the results of the seventh national population census and data from the 2020 China Statistical Yearbook, the census data show an increase of 14.61 million people in 2020 as compared to 2019, an increase by 0.9 percentage points. As the population ratio changes, the demand for healthcare in China will also expand in the future. There is promise and room for further development in the use of combination of Chinese and Western medicine in terms of digital treatment, intervention, and prevention of heart failure; this development will in turn drive the development of the healthcare industry and digitalization (39).




5. Discussion


5.1. Digital healthcare for acute heart failure

Intelligent and wearable devices have moved from implants to more convenient forms, such as smart bracelets. The scope of data collection has also become more comprehensive and accuracy has improved, meaning that these devices generate a wealth of data that can support clinical decision-making and scientific research in acute heart failure (10). With the application of AI, algorithms such as machine learning and deep learning have also been introduced under digital healthcare in addition to data monitoring (12); it is worth noting that there is still tremendous room for progress in AI in the field of computer science, and that there is inconsistency and underdevelopment in the medical field in particular. In addition to algorithmic limitations, the lack of structured datasets of clinical cases of acute heart failure currently poses difficulties for data cleaning in the pre-machine learning phase, leading to mismatches in the dataset and thus the loss of large amounts of data (40). The expectation is that structured data would enable clear documentation of the condition while providing better metadata for use in digital healthcare in acute heart failure. It is also important to note that medical data is personal and sensitive data, and data security and privacy are concerns from the patient's perspective. Multiple studies have shown that many patients remain concerned about the security of their medical information and may lack confidence in the ability of current technology to protect their privacy (41). Efficient and secure storage of data will be the next challenge; the processes of using this data should also comply with the informed consent of the owner, and data should be desensitized for use in order to avoid social problems such as discrimination (42). The advancement of these processes will also involve high economic costs and problems related to the improvement of relevant laws and regulations, which need to be addressed in the context of medical science. These problems need to be solved in the domains of economics, sociology and law, and medicine (43) (Figure 3).
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FIGURE 3
Digital prevention and treatment of acute heart failure.




5.2. Combined treatment with Chinese and western medicine for acute heart failure

The primary treatment for heart failure is to follow the theoretical system of Chinese medicine.

Heart failure involves a combination of several pieces of clinical evidence under TCM. Heart failure is always a deficiency of the origin and a deficiency of symptoms, with qi deficiency as the primary cause and phlegm and stagnation as the symptoms, alongside yin deficiency and yang deficiency. Although there is also a typology of heart failure, the clinical reality and the symptoms described in textbooks rarely match fully, which requires TCM scholars to grasp the essence of the disease. In the process of clinical practice, the level of diagnosis is refined and experience is accumulated to identify the evidence and prescribe the appropriate treatment.

A combination of computerized and manual searches was used to search the published Chinese literature for articles published between 2005 and 2014 reporting on RCTs on the combination of enhancing Qi, warming Yang, invigorating the blood, and promoting water with Western medicine in the conventional treatment of chronic heart failure. A meta-analysis was conducted of the clinical effectiveness of herbal interventions for Yi Qi, warming Yang, invigorating the blood, and promoting water in chronic heart failure.

This analysis showed that the combination of Chinese and Western medicine has achieved further results and made further progress in the treatment of heart failure in recent years both in medical theory and on an experimental level. However, this has mostly involved the pairing of prescriptions and single herbs with the use of Western medicine; the basis for the validation of the mechanisms underlying the use of drug pairings and empirical prescriptions needs to be further explored. At the same time, in clinical work, efforts should be made in the direction of high efficiency, the use of trace amounts of drugs, and medications that are easy to take, while ensuring efficacy and taking into account the different dosages of particular drugs that patients in different conditions can take.



5.3. Digital prevention and treatment of acute heart failure through a combination of Chinese and western medicine

There are many ideas for how to combine Chinese and Western medicine in the treatment of acute heart failure in Chinese and Western hospitals, and a great deal of consensus; rich clinical experience has also been acquired and great achievements made in digital prevention and treatment of acute heart failure. There is an urgent need for a new system of prevention and treatment that can combine the objective diagnosis and treatment techniques of Western medicine with the unique and practical experience in prevention and diagnosis of Chinese medicine, and with digital tools such as artificial intelligence.

The combined empirical knowledge and diagnostic scope of Chinese and Western medicine in acute heart failure is characterized by certainty, completeness, and objectivity, ensuring the capacity of machine learning algorithms to understand the relevant reasoning and providing robust data support for it; this is conducive to the establishment of a knowledge map. Therefore, the use of cognitive systems combining knowledge of Chinese and Western medicine for specialized treatment of certain diseases is a possible path for artificial medical intelligence and a future trend in development (44). Digital healthcare also has the advantages of case efficiency, affordability, and scalability. Recent work suggests that audio-based methods can be used for research (45). However, lack of awareness of bias and methodological decision-making may affect these tools' performance in practice. The greatest role played by artificial intelligence appears to be in diagnostic imaging, such as analysis of CT scans or chest x-ray images. C-reactive protein, white blood cell count, creatinine, lactate dehydrogenase, lymphocyte discovery, and platelet count (46). However, there is far more scope for technological advancement than we might think. Under the influence of the COVID-19 pandemic, along with significant trends in data analysis in various countries, the deployment of prevention and treatment methods involving the integration of traditional Chinese and Western medicine, as described above, represents a potential approach to further improve the efficiency of public health measures.

In addition to the use of the wearable devices mentioned above, at the diagnosis and treatment level, the diagnosis method in traditional Chinese medicine is to combine four different diagnostic processes. The information obtained from these is used as the basis for diagnosis and treatment; specifically, the four diagnostic processes used by practitioners of Chinese medicine are making observations, listening to the patient's breathing, asking about their symptoms, and taking their pulse using the fingers (47). However, since this process relies primarily on the experience of physicians, and the level of medical and clinical experience varies among individual physicians and lacks a quantified standard, a four-diagnosis instrument has been developed to replace this process. The form of this four-diagnosis instrument, as currently developed, is a simple imitation of the four diagnostic processes of TCM; it is not based on clinically valid case data, and it has certain limitations. The diagnostic results for the four diagnostic processes are based entirely on a database of TCM diagnoses, without the use of an intelligent process involving continuous iteration of machine learning; additionally, the rate of correct diagnoses is fixed and cannot be improved due to problems with the algorithm, which is entirely different from the “black-box” diagnostic process of TCM as simulated by artificial intelligence. The superior performance of AI technologies, such as deep learning, relies on the use of a data-driven R&D model, which does not require pre-built a priori models. This approach falls under the category of a “black/gray-box” model, which applies AI-aided diagnosis using a combination of Chinese and Western medicine, whereas the diagnostic decision-making system in Chinese medicine is considered to be a “black box”; this is expected to become a “gray box” with the help of AI. This article has described the possibility of the use of a combination of Chinese and Western medicine, alongside digitalization, to create a new digital model for prevention and treatment.




6. Conclusion

With rapid advances in experimental technology and computer science, digital medicine and the integration of Western and Chinese medicine will represent the future of healthcare. Access to better healthcare, digital healthcare technologies such as telemedicine, and remote monitoring have the potential to bring healthcare to underserved and remote populations. Patients can connect with medical professionals from the comfort of their homes, saving time and money and reducing the burden of transportation. Patients can track their symptoms, monitor their medications, and communicate with their healthcare providers in real time in order to better self-manage and adhere to their treatment plans. At the same time, digital health technologies can assist healthcare professionals in their daily clinical practice, improving the accuracy and speed of diagnosis and treatment. Machine learning algorithms, for example, can analyze large amounts of patient data, thus enabling personalized treatment with a combination of Western and Chinese medicine. All of this requires the effective use of medical information, frameworks for digital technology, artificial intelligence models, and medical devices in order to ensure improved healthcare outcomes. This approach also provides a basis for the development of new strategies and protocols for the clinical management of acute heart failure.
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Introduction: Preventing ischemia-reperfusion injury is the main direction of myocardial infarction treatment in the convalescent stage. Some studies have suggested that saponins in Traditional Chinese medicine (TCM) preparations can protect the myocardium by various mechanisms. Our meta-analysis aims to evaluate the efficacy of TCM saponins in treating myocardial ischemia-reperfusion injury (MIRI) and to summarize the potential molecular mechanisms further.



Methods: We conducted a literature search in six electronic databases [Web of Science, PubMed, Embase, Cochrane Library, Sinomed, China National Knowledge Infrastructure (CNKI)] until October 2022.



Results: Seventeen eligible studies included 386 animals (254 received saponins and 132 received vehicles). The random effect model is used to calculate the combined effect. The effect size is expressed as the weighted average difference (WMD) and 95% confidence interval (CI). Compared with placebo, saponins preconditioning reduced infarct size after MIRI significantly (WMD: −3.60,95% CI: −4.45 to −2.74, P < 0.01, I2: 84.7%, P < 0.001), and significantly increased EF (WMD: 3.119, 95% CI: 2.165 to 4.082, P < 0.01, I2: 82.9%, P < 0.0 L) and FS (WMD: 3.157, 95% CI: 2.218 to 4.097, P < 0.001, I2: 81.3%, P < 0.001).



Discussion: The results show that the pre-administration of saponins from TCM has a significant protective effect on MIRI in preclinical studies, which provides an application prospect for developing anti-MIRI drugs with high efficiency and low toxicity.
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meta-analysis, saponins, traditional Chinese medicine, myocardial ischemia-reperfusion injury, experimental animal model, infarct size, cardiac function





1. Introduction

Timely percutaneous coronary intervention (PCI) remains by far the most effective treatment for the salvage of acute myocardial infarction (1). However, subsequent ischemia/reperfusion (I/R) injury can still lead to massive loss of cardiomyocytes, thereby exacerbating cardiac dysfunction (2). Now, MIRI has become a vital issue in clinical practice, attracting extensive attention from researchers. MIRI involves multiple mechanisms, such as inflammation, oxidative stress, mitochondrial damage, and calcium overload (3). Recently, researchers have begun to focus on ferroptosis, apoptosis, and autophagy during MIRI. Several drug and non-drug therapies have emerged to treat I/R injury (4). However, given that treatments targeting I/R injury would be used only once in most patients, their development, compared to drugs that require longer-term use, is at an obvious disadvantage.

TCM emphasizes the holistic concept. The herbal prescriptions are usually complex, targeting multiple pathways (5, 6). In TCM, the causes of MIRI include Qi deficiency, blood stasis, and phlegm resistance (7–9). According to TCM theories, doctors mainly use herbs that nourish qi, promote blood circulation, remove blood stasis, and expel phlegm. Recently, multiple studies have found that saponins from traditional Chinese herbs have sound anti-MIRI effects (10–12). The mechanisms include regulating calcium homeostasis and energy metabolism and inhibiting inflammation and oxidative stress (13–16). Saponins mainly contain steroid saponins and triterpenoid saponins. Due to their structural specificity, saponins have different MIRI protection mechanisms (17). Therefore, we conducted a comprehensive and systematic meta-analysis of all relevant articles to evaluate the effectiveness and summarize the possible means of TCM saponin extract intervention in alleviating I/R injury.



2. Methods


2.1. Data sources and search strategies

We searched Web of Science, PubMed, Embase, Cochrane Library, Sinomed, and China National Knowledge Infrastructure (CNKI) for articles on the cardioprotective effects of saponins in myocardial ischemia-reperfusion injury. The search terms were “myocardial ischemia-reperfusion injury,” “myocardial I/R injury,” “myocardial ischemia-reperfusion injury,” “myocardial ischemia-reperfusion injury,” “saponins,” “ginsenosides,” “Holothurin,” and “Quillaja Saponins,”. The publication time was limited to before October 2022. Two reviewers (Fan Yang and Xin Su) independently assessed articles for eligibility, and disagreements were resolved by discussion with the corresponding author.



2.2. Inclusion and exclusion criteria

Inclusion criteria: (a) Type of study: In vivo animal studies. (b) Interventions and controls: Saponin extracts derived from traditional Chinese herbs compared with placebo treatment. (c) Outcomes: At least one of the following outcome measures should be reported: Infarct size [infarct size expressed as a percentage of infarct area over the area at risk (AAR)], left ventricle ejection fraction percentage (LVEF), left ventricle fractional shortening percentage (LVFS).

Exclusion criteria: (a) Duplicate reports. (b) Studies with incomplete data and unclear outcome indicators. (c) Studies where the outcome indicators could not be transformed into mergeable data. (d) Studies using incorrect statistical methods that could not be corrected.



2.3. Data extraction

Two researchers (Jiahao Sun and Jiarong Fan) independently extracted baseline information (i.e., sample size, country, author, and year), animal characteristics (e.g., age, weight, strain, or species), detailed treatments of included studies Strategy (such as the type of saponin, source plant, dose, method and time of administration) and methods for measuring myocardial infarction size after myocardial I/R injury.



2.4. Quality assessment

The quality of included studies was assessed and scored by two researchers (Yang Fan and Su Xin) according to the CAMARADES(Collaborative Approach to Meta Analysis and Review of Animal Data from Experimental Stroke) list (18). For each article, we scored 1 point for each of the following terms: statement of a potential conflict of interest, sample size calculation, random allocation to groups, a peer-reviewed publication, compliance with animal welfare regulations, and blinded outcomes assessment. We define 1–2 points as high risk, 3–4 points as medium risk, and 5–6 points as low risk. Disagreements were resolved through discussions with the corresponding author.



2.5. Data statistical and analysis

This meta-analysis used continuous variables as mean and standard deviation. We calculated pooled effect sizes using random effects models. Effect sizes were expressed as weighted mean differences (WMD) with 95% confidence intervals (CI). To assess heterogeneity, we used the Q statistic and the I2 statistic for quantifying. Publication bias was evaluated initially by funnel plots and further detected by Egger's test. If there were significant heterogeneity among studies (p < 0.10), the analysis would be performed by deleting each study, post hoc subgroup analysis (i.e., duration of reperfusion, study type, species, and schedule of preconditioning), and trim-and-fill method to achieve sensitivity analysis. Univariate regression (i.e., study type, species, states, sample size, route of administration and duration of reperfusion, and temporal regimen of preconditioning) was proposed to explore potential heterogeneity sources. For all results except heterogeneity, P < 0.05 was considered statistically significant. We used STATA version 15.1 (STATA Corporation, CollegeStation, TX, USA) for statistical analyses and graphs.




3. Results


3.1. Characteristics of included studies

We obtained 300 related articles (PubMed: 64, EMBASE: 47, Web of Science: 55, Cochrane Library: 1, CNKI: 91, Sinomed: 42) by searching in databases, and 182 articles were retained after removing duplicate articles, among which 154 were excluded after the title and abstract screening, and 28 were eligible for full-text review. Five articles did not report infarct size as mentioned in the inclusion criteria, three lacked a placebo group, and three used saponin conversion products as an intervention. Finally, 17 studies of 386 animals (254 in the saponin treatment group and 132 in the control group) met the predetermined inclusion criteria and were eventually included in our meta-analysis (Figure 1) (4, 5, 10, 13, 17, 19–30). Table 1 shows comprehensive information for each study. All studies used mice (C57BL/6) and rats (Sprague-Dawley or Wistar) to investigate the cardioprotective effects of saponins. All studies measured infarct size by Evans blue/TTC double staining. Saponins were administered orally or intravenously, or intraperitoneally. In most studies, the administration began a few days before myocardial ischemia, and some studies were administered within half an hour before ischemia or during reperfusion. All 17 studies were conducted in China and were published between 2013 and 2022.


[image: Figure 1]
FIGURE 1
Flow diagram of the study inclusion.



TABLE 1 Baseline characteristics of studies.
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3.2. Quality assessment of studies

The quality of the included studies was evaluated in Table 2. Most studies (82.4%) were scored 3 to 4, indicating that the data were generally reliable and the risk of bias was acceptable. Three studies were judged as having a high risk of bias.


TABLE 2 The quality of included studies.
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3.3. Infarct size

A summary analysis of 24 arms with 290 animals (intervention group = 192, control group = 98) showed the consistent effect of saponins on myocardial infarction size (Figure 2). Random effect model analysis showed that compared with placebo treatment, saponins significantly reduced infarct size (WMD: −3.60, 95% CI: −4.45 to−2.74, P < 0.01). There is a large amount of heterogeneity between studies (I2: 84.7%, P < 0.001). The funnel plot and Egger test (P < 0.001) showed the existence of publication bias (Figure 3). After introducing possibly unpublished studies through the trim and fill method, the results were steady (WMD: −2.81, 95% Cl: −3.69 to−1.93, P < 0.001), and the systematic deletion of each study did not affect the summary WMD and corresponding P values (Figure 4), which means that the beneficial effect of saponins in myocardial protection is stable. Subgroup analysis to explore the sources of heterogeneity between studies showed that sample size was a possible source of heterogeneity (Figure 5). Univariate regression failed to reveal any significant correlation between research covariables and effect sizes (Table 3).


[image: Figure 2]
FIGURE 2
Summary WMD of infarct size for saponins treatment vs. vehicle in myocardial I/R injury.



[image: Figure 3]
FIGURE 3
Publication bias among the studies reporting the infarct size. (A) Funnel plot, (B) Egger's test.



[image: Figure 4]
FIGURE 4
Sensitivity analysis of summary WMD of infarct size for saponins treatment vs. vehicle in myocardial I/R injury. (A) Filled funnel plot with pseudo 95% confidence limits. (B) Pooled effect sizes and 95% confidence limits after each study were omitted.
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FIGURE 5
Subgroup analysis of summary WMD of infarct size for saponins treatment vs. vehicle in MIRI.



TABLE 3 Meta-regression of pooled estimates of infarct size.
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3.4. Cardiac function


3.4.1. Left ventricular ejection fraction percentage

Pooled data from 16 arms involving 168 animals showed that saponin treatment significantly increased LVEF after myocardial I/R injury compared with placebo treatment (WMD: 3.119, 95% CI: 2.165 to 4.082, P < 0.01) (Figure 6). Heterogeneity was high (I2 = 82.9%, P < 0.01). The funnel plot and Egger (P < 0.001) test showed publication bias (Figure 7). Sensitivity analysis by trim and fill method showed that WMD: 1.548, 95% CI: 0.529 to 2.568, P = 0.003. The difference was statistically significant. Systematically deleting each study did not significantly affect WMD and P values, indicating that the beneficial effect of saponin treatment on LVEF is stable (Figure 8). Univariate regression showed that the effect size was significantly correlated with reperfusion time (Coefficient: 1.074572, 95% CI: 1.014757 to 1.137913, P = 0.017) (Figure 9), suggesting that the inter-study heterogeneity may be mainly due to the differences in the reperfusion time (Table 4).


[image: Figure 6]
FIGURE 6
Forest plot of studies investigating the effects of saponins treatment on cardiac function vs. vehicle in myocardial I/R injury. (A) Summary WMD of LVEF. (B) Summary WMD of LVFS.



[image: Figure 7]
FIGURE 7
Assessment of publication bias among the studies reporting EF and FS. (A) Funnel plot of studies reporting EF. (B) Funnel plot of studies reporting FS.



[image: Figure 8]
FIGURE 8
Sensitivity analysis of summary WMD of EF&FS for saponins treatment vs. vehicle in myocardial I/R injury. (A) Filled funnel plot with pseudo 95% confidence limits of EF. (B) Filled funnel plot with pseudo 95% confidence limits of FS. (C) Pooled effect sizes and 95% confidence limits of studies reporting EF after each study were omitted. (D) Pooled effect sizes and 95% confidence limits of studies reporting FS after each study were omitted.
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FIGURE 9
Meta-regression of pooled estimates of EF with the time of reperfusion as the covariate.



TABLE 4 The cellular mechanisms of the cardioprotection effect of saponins.
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3.4.2. Left ventricle fractional shortening percentage

A meta-analysis of 16 arms involving 168 experimental animals showed that saponin administration significantly increased LVFS after myocardial I/R injury compared with placebo treatment (WMD: 3.157, 95% CI: 2.218 to 4.097, P < 0.001) (Figure 6) with high heterogeneity (I2 = 81.3%, P < 0.001). The funnel plot and Egger test (P < 0.001) showed publication bias (Figure 7). Sensitivity analysis by trim and fill method obtained no significant influence of publication bias on pooled effect size (WMD: 1.697, 95% CI: 0.698 to 2.695, P = 0.01). Systematically deleting the WMD and corresponding P values did not significantly affect the summary of each study. The results showed that the beneficial effect of saponin administration on FS was stable (Figure 8). Univariate regression showed that the effect size was significantly correlated with the reperfusion time (Coefficient: 1.069146, 95% CI: 1.002232 to 1.140527, P = 0.044) (Figure 10), suggesting differences in the reperfusion time may be the primary source of heterogeneity.
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FIGURE 10
Meta-regression of pooled estimates of FS with the time of reperfusion as the covariate.





3.5. Myocardial enzyme


3.5.1. LDH (lactate dehydrogenase)

Pooled data from 20 arms involving 204 animals showed that saponin treatment significantly decreased LDH after myocardial I/R injury compared with placebo treatment (WMD: −4.035, 95% CI: −4.943 to −3.127, P < 0.01). Heterogeneity was high (I2 = 78.5%, P < 0.01). The funnel plot and Egger test (P < 0.001) showed publication bias. Sensitivity analysis by trim and fill method showed that WMD: −3.110, 95% CI: −4.029 to −2.190, P < 0.001. The result was steady. Systematically deleting each study did not significantly affect WMD and P values, indicating that the beneficial effect of saponin treatment on LDH is stable.



3.5.2. CK-MB (creatine kinase MB isoenzyme)

A meta-analysis of 13 arms involving 126 experimental animals showed that saponin administration significantly decreased CK-MB after myocardial I/R injury compared with placebo treatment (WMD: −4.261, 95% CI: −5.520 to −3.002, P < 0.001) with high heterogeneity (I2 = 79.5%, P < 0.001). The funnel plot and Egger test (P < 0.001) showed publication bias. Sensitivity analysis by trim and fill method obtained no significant influence of publication bias on pooled effect size (WMD: −3.495, 95% CI: −4.825 to −2.165, P < 0.001). Systematically deleting the WMD and corresponding P values did not significantly affect the summary of each study. The results showed that the beneficial effect of saponin administration on CK-MB was stable.





4. Discussion

So far, this is the first study to systematically collect and quantitatively analyze the protective effects of saponins extract from TCM on myocardial I/R injury. In this study, we systematically reviewed 17 articles involving 26 arms. The results showed that saponins significantly decreased the myocardial infarction size and increased the LVEF and LVFS after myocardial infarction compared with the control group, which proves the positive role of saponins in alleviating MIRI, protecting the myocardium, and promoting the recovery of cardiac function.

PCI and thrombolysis are still the most effective methods for treating ischemia in patients with acute myocardial infarction (31). However, evidence shows that I/R injury after blood flow recovery accounts for nearly half of the infarct area, ultimately aggravating ventricular dysfunction after myocardial infarction (19). Therefore, MIRI is an urgent clinical concern. In recent years, some treatments for myocardial ischemia-reperfusion injury have been partially proven effective, but these methods often have drawbacks that cannot be ignored. For example, one way to reduce reperfusion injury is to inflate/deflate the angioplasty balloon within 1 min after reperfusion. Small-scale trials have shown that infarct size is reduced in patients who receive this treatment. However, large-sample randomized clinical trials for STEMI (ST-segment elevation myocardial infarction) post-processing showed neutral results. And repeatedly inflating the balloon at the lesion site may lead to excessive production of thromboembolism. In recent years, there are also some adjuvant drug interventions for myocardial ischemia-reperfusion, most of which have been proved to be ineffective, but some drugs have shown certain efficacy. For example, cyclosporine-a, metoprolol, glucose modulators, and abciximab, among which cyclosporine and abciximab have well-known side effects, glucose modulators lack prospective clinical trial evidence, and β-blockers are also questionable in terms of safety in patients with low systolic blood pressure (<120 mm Hg) and Killip class III patients, limiting their application scenarios. In contrast, as an extract of traditional Chinese medicine, saponins have been widely used by clinicians in China since ancient times. So far, there are no obvious safety problems. This study also confirmed the effectiveness of saponins in reducing ischemia-reperfusion injury in animals. MIRI involves plenty of mechanisms (32). TCM has been used in China for thousands of years. Many of these drugs and therapies have been tested today and have proven superior efficacy (33). Recently, some studies found that saponins from TCM can protect against myocardial ischemia-reperfusion injury through various mechanisms (4, 34–36).


4.1. Necrosis

Necrosis is thought to be caused by chemical or physical damage. A decrease in ATP production can cause intracellular calcium overload during myocardial ischemia. During reperfusion, the restoration of energy supply under the premise of calcium overload-induced the oscillatory release and uptake of calcium by the sarcoplasmic reticulum, resulting in uncontrolled excessive muscle fiber contraction and damage to cellular structures. The study of Wang et al. showed that Calenduloside E(CE) could repress L-type calcium current induced by L-type calcium channels(LTCC) agonist and regulate calcium homeostasis (37).



4.2. Oxidative stress

After reperfusion, excessive reactive oxygen species (ROS) are produced, which may lead to the oxidation of nucleic acids, lipids, and proteins, further leading to changes in membrane damage, protein function, metabolic disorders, gene mutation, and resulting in oxidative stress (38–41). Studies have shown that Sirt1, Sirt3, and Nrf2 have the function of regulating oxidative stress. He et al. found that Saponins from Rhizoma Panacis Majoris (SPRM) protect against MIRI by activating Sirt1 and Nrf2-related signaling pathways and attenuating oxidative stress (10). Tubeimoside I (TBM) reduces the production of ROS by inhibiting NOX2. On the other hand, TBM increased antioxidant factors such as Nrf2 and NQO1 (26). Zhu et al. found that a new flavonoid glycoside (APG) increased SOD activity, decreased H2O2 and MDA, inhibited mitochondrial oxidative stress, and finally attenuated MIRI via activating PKCε signaling (19).



4.3. Inflammatory response

After MIRI, neutrophil adhesion and infiltration occur in the coronary artery (5, 42–44). The expression of adhesion molecules increases on the surface of microvascular endothelial cells and leukocytes (9, 45, 46), which promotes adhesion, aggregation, and chemotaxis of neutrophils and resists microcirculation, accelerating the process of MIRI (47). In recent years, the role of NLRP3 inflammatory agents in MIRI has become a research hotspot. NLRP3 can combine with Caspase-1 and Asc to form NLRP3 inflammasome, which requires the activation of NF-κB. Yu et al. found that the pretreatment of Panax notoginseng saponins (PQS) significantly down-regulated the expression of NLRP3, ASC, and caspase-1. This effect may be achieved by inhibiting the TLR4/MyD88/NF- κ B signal pathway (24).



4.4. Intracellular calcium overload

Na+-K+-ATPase is an essential system of cellular energy metabolism. Na+-K+-ATPase activity decreased significantly after MIRI (48). This situation increases intracellular Na+, and more Ca2+ enters the cell through Na+-Ca2+ exchange, resulting in calcium overload (49–51). Total saponins of A. Elata (aralosides, AS) can significantly increase the activity of Na+-K+-ATPase and Ca2+-Mg2+-ATPase (17). The study of Wang et al. showed that Calenduloside E(CE) could promote the interaction between LTCC and bcl2-related athanogene 3 (BAG3), reduce MIR-induced calcium overload and play a protective role in the heart (22).



4.5. Autophagy

Autophagy is a phenomenon in which cells use lysosomes to digest their organelles or some proteins, and it is the key to maintaining normal metabolism and renewal of some organelles. During myocardial ischemia, autophagy can provide critical nutrients for cell survival and inhibit cell apoptosis and necrosis by digesting non-functional proteins. O2•− is a potential mechanism of autophagy. Huang et al. found that Saponin astragaloside IV(ASIV) could increase SOD2 levels and reduce the accumulation of O2•− and autophagosome, alleviating I/R-induced cell death and protecting cardiomyocytes (13).



4.6. Programmed cell death


4.6.1. Apoptosis

Apoptosis is a form of cell death regulated by genes. Once apoptosis is initiated, the volume of apoptotic cells will shrink, the cytoplasm will condense, and finally, apoptotic bodies will be formed. Activation of caspases plays a crucial role in apoptosis. Total saponins extracted from Aralia taibaiensis(sAT) pretreatment significantly inhibited the release of Cyto-c from mitochondria in I/R injured cardiomyocytes, thereby inhibiting the activity and expression of caspase-3 (25). Apigenin-7-O-β-D-(-6″-p-coumaroyl)-glucopyranoside (APG) is a new flavonoid glycoside isolated from Clematis tangutica. Zhu et al. found that APG preconditioning activated Nrf2/HO-1 signaling, down-regulated Bax and cleaved caspase 3, upregulated Bcl2, and reduced the apoptosis rate of IR-damaged cardiomyocytes (19).



4.6.2. Pyroptosis

Pyroptosis is a new form of programmed cell death with an inflammatory response characterized by forming inflammatory bodies and activating caspase and gasdermin (52). Pyrocytosis mainly depends on NLRP3 or caspase-1 (53). Ilexsaponin I(ISI) is a triterpenoid saponin obtained from Ilex pubescens Hook. et Arn. Study by Wu et al. has shown that ISI can promote the formation of the CTSB/HSP70 complex to disturb CTSB/NLRP3 complex, thus inhibiting NLRP3-mediated cell pyrogenesis (23).




4.7. Saponins on multiple signalling pathways

In short, the pathogenesis of MIRI begins with calcium overload and oxidative stress caused by sudden changes in the environment (54). Calcium overload and oxidative stress interact with each other (55, 56), resulting in the destruction of cell structure and function (57, 58), leading to necrosis or apoptosis (1). The necrotic cells cause a different inflammatory response, stimulating other cells to start pyroptosis. Saponins can regulate calcium balance by improving membrane ion channel activity, reducing calcium overload, and preventing calcium overload-induced cell death and oxidative stress. At the same time, saponins reduce the production of reactive oxygen species, promote the removal of reactive oxygen species, reduce autophagy (59–61), apoptosis and inflammatory responses caused by oxidative stress, and reduce pyroptosis caused by inflammatory responses (6, 62–64). Therefore, traditional Chinese medicine saponins can act on multiple targets in the process of MIRI and protect MIRI through the interaction of many pathways.




5. Limitation

There are some limitations in our meta-analysis. First, the studies we included have differences in selecting experimental materials (65–68). The species, strain, age, body weight, and other characteristics of experimental animals may result in heterogeneity in absorption rate. Second, there is no standard scheme for the duration of ischemia/reperfusion in animal models and the administration regimen of saponins (68–72). Significant differences exist in the dosage and treatment scheme of saponins among the studies, which may result in a high heterogeneity and further affect the interpretation of the results. Through subgroup analysis, we found that sample size may be sources of heterogeneity among studies reporting infarct size. It is worth noting that among the study reporting LVEF and LVFS, we found a linear correlation between reperfusion time and the effect of meta-regression. That is, longer reperfusion time is more beneficial to the recovery of cardiac function after myocardial infarction, and that reperfusion time was the primary source of heterogeneity among studies reporting LVEF and LVFS. Funnel plots and Egger tests showed publication bias in this study. However, after adding potential unpublished studies through the trim and fill method, the results were still stable, indicating that publication bias does not affect the conclusions of this study. The sensitivity analysis data also confirmed the effectiveness and reliability of saponins in improving infarct size after reperfusion injury. The included studies reported the immediate efficacy of saponins in improving infarct size and inhibiting secondary cardiac dysfunction. However, one of the disadvantages of traditional Chinese medicine and its extracts is that their components are complex, and their metabolic kinetics in various species is not fully understood. Whether saponins extracted from TCM can maintain their cardioprotective effect for longer is unclear and needs further exploration. Finally, more extensive animal studies have not confirmed the beneficial effects of saponins extracted from TCM. Therefore, there is an urgent need for further research on large animals before human clinical trials.



6. Conclusion and perspectives

This systematic review demonstrated that saponins extracted from TCM protect MIRI by significantly reducing infarct size and improving cardiac function. It provides a theoretical basis for the clinical application of saponins extracted from TCM combined with immediate coronary artery revascularization in treating acute myocardial infarction. The study of saponins against MIRI is still in the initial stage. A systematic summary of the anti-MIRI mechanism of saponins could lay the foundation for studying anti-MIRI effects and structure-activity relationships of saponins, thus contributing to developing anti-MIRI drugs with new mechanisms or new targets. Therefore, studying saponins will play an essential role in developing anti-MIRI drugs. Further research on the intervention of traditional Chinese medicine saponins should consider the use of large animals and more standardized and strict experimental procedures to draw more reliable conclusions to promote its application.
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Background: Hypertension has now developed into a major public health problem worldwide. Under the existing antihypertensive drug treatment paradigm, problems such as decreasing drug resistance and increasing drug side effects can occur for elderly patients. Acupuncture, a core technique in the non-pharmacological treatment of Chinese medicine, plays an important role in the treatment of elevated blood pressure.



Objective: This study aimed to systematically evaluate the effect of acupuncture alone or in combination with antihypertensive drugs on the efficiency of reducing blood pressure and controlling blood pressure in elderly patients with hypertension.



Methods: Articles of randomized controlled trials of acupuncture for hypertension in the elderly published before November 2022 were searched in 7 databases. The methodological quality of the literature was evaluated using the Cochrane Risk of Bias Assessment Tool. The primary outcome was the efficiency rate of blood pressure reduction, and the secondary outcome was the change in blood pressure after treatment.



Results: This study conducted a systematic review and meta-analysis of 12 randomized controlled trials with a total of 1,466 subjects. Among the primary outcome—efficiency rate, acupuncture-only treatment (RR = 1.11, 95% CI: 1.03–1.20, P < 0.01) and acupuncture combined with antihypertensive drug treatment (RR = 1.18, 95% CI: 1.06–1.31, P < 0.01) were significantly different compared with drugs-only treatment. Among the secondary outcomes, SBP (MD: −4.85, 95% CI: −10.39 to −0.69, P = 0.09) and DBP (MD: −1.45, 95% CI: −5.35 to 2.45, P = 0.47) show no significant difference between acupuncture-only treatment and drug-only treatment. Compared to drugs-only treatment, acupuncture plus drugs has more significant efficiency in lowering SBP (MD: −9.81, 95% CI: −13.56 to −6.06, P < 0.01) and DBP (MD: −7.04, 95% CI: −10.83 to −3.24, P < 0.01).



Conclusion: For elderly patients with hypertension, acupuncture-only treatment has the same efficiency and antihypertensive effect compared to drug therapy and acupuncture plus drugs outperforms drugs-only treatment. If the patients receive therapy with less frequency per week and longer duration, there will be a more obvious antihypertensive effect. Due to the methodological defects in the included study and the limited sample size of this paper, more well-designed randomized controlled trials are needed for verification.



Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022376407, PROSPERO (CRD42022376407).
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1. Introduction

Hypertension, also known as high or raised blood pressure, is a condition in which the blood vessels have persistently raised pressure (1). Several studies have shown that hypertension increases the incidence of secondary diseases, such as heart (2), brain (3), and kidney damage (4), which in turn generate additional health burdens. According to the WHO, hypertension is one of the leading causes of premature death worldwide and 1.28 billion people (by 2021) are suffering from it (1). Geriatric hypertension is a condition in which the elderly population (generally ≥60 years of age) suffers from hypertension, and an elderly hypertensive population is a special group of hypertensive patients, with characteristics mainly including predominantly elevated SBP, increased pulse pressure, large blood pressure fluctuations, early morning hypertension, postural blood pressure fluctuations, postprandial hypotension, the abnormal circadian rhythm of blood pressure, common white coat phenomenon, many complications, presence of easily missed types of hypertension (secondary hypertension, occult hypertension) and pseudohypertension.

Currently, the most widely used way for the treatment of hypertension is pharmacotherapy, which mainly includes angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers, β-blockers, or thiazide diuretics. However, drug therapy has some significant drawbacks, including drug adherence problems (5) and side effects of drugs (6). A study showed that about 50% of people who were treated for hypertension had premature discontinuation of treatment (5); and for side effects of drugs, β-blockers can cause bradycardia (6). Due to the significant differences in body condition, especially in the elderly, the drug metabolism and excretion functions of the liver and kidney are bound to decrease in varying degrees. Therefore, treatment with safer and lower side effects is important for the treatment of hypertension in the elderly. Among them, non-pharmacological treatment is one of the important measures of antihypertensive therapy, emphasizing the control of blood pressure attainment and disease progression by changing bad lifestyle habits (7).

Acupuncture has been used for centuries as an important component of Chinese medicine for the treatment of elevated blood pressure in China (8) and has been widely used internationally for the treatment of cardiovascular and cerebrovascular diseases. In the 1990s, the FDA identified the use of acupuncture to treat five general conditions, including stroke (9). A bibliometric study based on the Web of Science (WoS) showed that acupuncture covers 77 diseases in 12 fields (10). In recent years, the mechanisms of acupuncture in analgesia, anti-inflammation, and neuromodulation have been the subject of a large number of mechanistic studies, providing a theoretical basis for studies related to the treatment of blood vessels with acupuncture (11–13). There are many research precedents about acupuncture in the treatment of hypertension, but there has not been a systematic review specifically for hypertension in the elderly. Hypertension in the elderly tends to have unique characteristics due to their different physical status and vulnerability from that of the young and middle-aged population. We conducted a systematic review and meta-analysis to evaluate the efficacy of acupuncture in the elderly hypertensive population.



2. Materials and method

This systematic review and meta-analysis followed the PRISMA statement. The review protocol was registered at PROSPERO (Registration number: CRD42022376407).


2.1. Search strategies

We searched the EMBASE, PubMed, Cochrane, China National Knowledge Infrastructure (CNKI), Wan Fang, VIP, and Sinomed. The following keywords combined with Medical Subject Headings (MeSH) terms were used for searching:

“Acupuncture”, “Acupuncture Treatment”, “Electroacupuncture”, “Acupuncture Therapy”, “Acupotomy”, “Auricular Acupuncture”, “Warm Needle”, “Moxibustion”, “Cardiovascular Diseases”, “cardiovascular diseases”, “High Blood Pressures”, “High Blood Pressure”, “Blood Pressures, High”, “Blood Pressure, High”, “blood pressure”, “arterial pressure”, “hypotension”, “nmotension”, “hypertensive”, “systolic pressure”, “diastolic pressure”, “pulse pressure”, “venous pressure”, “pre-hypertension”, “bp response”, “bp reduction”, “bp monit”, “bp decrease”, “bp monits”, “bp measurement”, “randomized controlled trial”, “randomized”, “RCT”.

The detailed search strategy is presented in Supplementary Material Table S1. In addition, we carefully scanned the references of randomized controlled trial articles and related reviews that met the search criteria to ensure that the literature search for meta-analyses was complete. No language restrictions were applied. Data collection was completed in November 2022 and we searched documents in the databases up to that point.



2.2. Eligibility criteria

Two authors (JQ WANG and WL QIN) independently screened the eligible clinical trials based on the criteria as follows:

Inclusion criteria: (1) A randomized controlled trial of acupuncture for hypertension; (2) Patients diagnosed with hypertension with systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg or on anti-hypertensive medication; (3) Participants ≥60 years of age; (4) Patients in the intervention group received treatment including acupuncture (electroacupuncture, auricular acupuncture, warm acupuncture, dry acupuncture, auricular pressure beans) more than once, with or without antihypertensive drugs. (5) The control group was treated with antihypertensive drugs; (6) The efficiency rate of treatment, and the change in SBP and DBP after treatment compared to the baseline were included in the results of the study.

Exclusion criteria: (1) Duplicate literature in the library; (2) Case studies, animal experiments, and ethical explorations; (3) Studies with only a summary but no specific data; (4) Non-RCT trials, semi-randomized controlled trials, and self-controlled trials; (5) Involving other forms of acupuncture, such as transcutaneous electrical nerve stimulation, laser acupuncture; (6) Unable to convert blood pressure data units to mmHg.

According to the inclusion and exclusion criteria, two authors (W Sun and CL Wang) independently searched the databases to obtain eligible clinical trials. One author (W Sun) read the full text of the eligible collected articles. Another author (CL Wang) checked the accuracy and completeness of the collected articles. During the process of study selection, two authors solved the disagreements through discussion. If consensus is not reached, a third author (Y Zhang) will step in to discuss resolved differences.



2.3. Data items

Two authors (W Sun and XY Cai) independently used Excel software to extract the data. Data included: first author, date of publication, number of patients, mean age of patients, acupuncture treatment method, acupuncture points, frequency of acupuncture, acupuncture treatment duration, type of control group, mean blood pressure before treatment, mean blood pressure after treatment, mean blood pressure change, treatment efficiency, and adverse events. Missing data or information was requested from the lead author by email or phone if necessary. If a consensus is not reached, a third author (SX Feng) will make the final decision.



2.4. Types of outcomes measurements

The primary outcome of this study was the efficiency rate of treatment, defined as a 10 mmHg decrease in SBP or a 5 mmHg decrease in DBP. The secondary outcome was the change in blood pressure after treatment (change in blood pressure = previously treated blood pressure value—post-treatment blood pressure value).



2.5. Quality assessment

According to the RoB assessment tool in the Cochrane Handbook (14), each included study was evaluated independently by two authors (JQ Wang and WL Qin), including the risk of bias in the following aspects: (1) Random sequence generation; (2) Allocation concealment; (3) Blinding of participants and personnel; (4) Blinding of outcome assessment; (5) Incomplete outcome data; (6) Selective reporting; (7) Other bias. Based on the Cochrane Assessment Tool, our judgments for these domains were categorized as “low risk of bias”, “high risk of bias”, or “unclear risk of bias”. Disagreements between two authors in the evaluation are resolved through discussion, and when consensus cannot be reached, a decision is made by a third author (SX Feng).



2.6. Statistics analysis

In this study, the R 4.2.1 software, and the Review Manager version 5.3 software (Cochrane Collaboration, Nordic Cochrane Centre, Copenhagen, Denmark) were employed to analyze the collected data.

The R 4.2.1 software was used for the statistical analysis. The dichotomous variable was represented as the pooled risk ratios (RRs) with 95% CI. The continuous variable was represented as the mean difference (MD) with 95% CI. I2 statistics and the chi-squared test were applied to evaluate the heterogeneity among the included RCTs. If I2 > 50% or P < 0.1, it suggested that a significant statistical heterogeneity was observed, and the random-effect model should be employed to evaluate the outcome measures. Otherwise, the fixed-effect model was adopted. If P < 0.05, it suggested that there was a significant statistical difference in this meta-analysis.

We performed subgroup analyses of changes in treatment frequency and duration to assess the effects of different acupuncture treatment protocols. Where feasible, sensitivity analyses of the results were performed to explore the robustness of the summary findings.

The funnel plot created by the R 4.2.1 software was employed to evaluate the potential publication bias. Peter's test and Egger's test were also used to detect the potential publication bias of the categorical variable and the continuous variable in this meta-analysis respectively.




3. Results


3.1. Study selection

The process of study selection for the eligible RCTs is shown in Figure 1. A total of 6,817 potential studies were preliminarily identified from the database based on the search strategy, 6,439 of which were excluded due to review or duplication. We conducted a secondary search of the remaining 378 documents, with 292 removed, and further screened the remaining 86 documents. Finally, after excluding studies that did not include relevant outcome indicators, non-RCT studies, and studies with incomplete data, a total of 12 randomized controlled trials were included for further quality assessment and meta-analysis. The detailed process of identification and selection is shown in the PRISMA flow diagram (15).


[image: Figure 1]
FIGURE 1
PRISMA flow diagram of the trial selection process.




3.2. Study characteristics

The meta-analysis included a total of 12 RCT studies (16–27) from 2007 to 2022, covering 1,466 participants in Table 1 (the minimum inclusion number was 60 participants and the maximum was 236). These participants were recruited in hospital outpatient and inpatient units as well as in the community, with an average age of 60 years or older. For the acupuncture methods used in each study, six papers used general acupuncture while the other six used acupuncture combined with auricular acupuncture or auricular point pressing. The most used acupuncture point was Quchi, which was mentioned in nine studies, followed by Sanyinjiao (8), Baihui (8), Hegu (8), and Zusanli (7). The frequency of weekly interventions ranged from once a week to seven times a week; the duration of treatment ranged from 1 week to 12 weeks. Among the 4 of 12 RCTs, the intervention groups were treated with acupuncture, while the control groups were treated with drugs; in the other eight trials, the intervention groups were treated with acupuncture combined with drugs, and the control groups were treated with drugs.


TABLE 1 The characteristics of included studies in the meta-analysis.
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In all trials, the efficiency rate was selected as the primary outcome, and the change in mean systolic and diastolic blood pressure before and after the trials serves as the secondary outcome. Except for one trial (23) lacking the secondary outcome, all studies reported complete primary and secondary outcomes.



3.3. Risk of bias in individual studies

We summarize the risk of bias assessment for each of the included studies in Figures 2, 3.


[image: Figure 2]
FIGURE 2
Risk of bias summary: review authors’ judgments about each risk of bias item for each included study.



[image: Figure 3]
FIGURE 3
The risk of bias for the included studies.



3.3.1. Random sequence generation

Nine studies (16–18, 22–27) had a low risk of randomization bias, which were described as RCTs and indicated that randomization grouping was performed. One (21) study did not mention the grouping method, which we assessed as “unknown”. Two (19, 20) studies were grouped according to treatment and therefore assessed as “high risk”.



3.3.2. Allocation concealment

None of the 12 studies (16–27) we included mentioned randomized concealment and were all assessed as “unknown”.



3.3.3. Blinding of participants and personnel and outcome assessment

Two studies (19, 20) were assessed as high risk for blinding due to the subjects' choice of treatment according to their individual wishes. The remaining 10 studies (16–18, 21–27) were assessed as “unknown”. In addition, all trials (16–27) were rated as having an unclear risk of assay bias because no blinding of clinicians, analysts, or data collectors was reported.



3.3.4. Incomplete outcome data

Ten studies (16, 18–22, 24–27) were assessed as low risk for outcome reporting, and two studies (17, 23) were rated as high risk due to incomplete endpoint data as a result of subject withdrawal.



3.3.5. Selective reporting

Although all studies (16–27) did not have a trial protocol, reported planned outcomes in the study and therefore we judged them to be low risk.



3.3.6. Other potential sources

No other factors affecting bias were mentioned in any of the 12 studies (16–27), so we judged it to be low risk.




3.4. Acupuncture vs. drug-only treatment


3.4.1. Efficiency rate

In order to compare the efficacy of acupuncture and drugs in lowing blood pressure in the elderly population, four RCTs including 420 subjects were analyzed to assess the efficiency. Due to the presence of low heterogeneity (P = 0.59, I2 = 0%), a fixed-effect model was used. The results showed that acupuncture, compared with drug treatment, had a significant difference in the antihypertensive efficiency rate (RR = 1.11, 95% CI: 1.03–1.20, P < 0.01) (Figure 4A).



3.4.2. Systolic blood pressure (SBP)

Four RCTs with 420 subjects were analyzed to assess changes in SBP. A random-effect model was used due to the high heterogeneity (P < 0.01, I2 = 86%). The results showed no significant difference in lowering SBP between acupuncture and drugs (MD: −4.85, 95% CI: −10.39 to −0.69, P = 0.09). We had to cancel the subgroup analysis because of the small number of included literature, with only 4 papers covered (Figure 4B).
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FIGURE 4
(A) The forest plot shows the effect of acupuncture vs. drug treatment on efficiency in the elderly. (B) The forest plot shows the effect of acupuncture vs. drug treatment on SBP in the elderly. (C) The forest plot shows the effect of acupuncture vs. drug treatment on DBP in the elderly.




3.4.3. Diastolic blood pressure (DBP)

We analyzed four RCTs covering 420 participants to assess changes in DBP. Given the high heterogeneity (P < 0.01, I2 = 85%), We adopted a random-effect model. The results showed no significant difference in lowering DBP between acupuncture and drugs (MD: −1.45, 95% CI: −5.35 to 2.45, P = 0.47). We had to cancel the subgroup analysis because of the small number of included literature, with only 4 papers covered (Figure 4C).




3.5. Acupuncture combined with drug vs. drug-only treatment


3.5.1. Efficiency rate


3.5.1.1. Meta-analysis

In order to compare the efficacy of acupuncture combined with drugs vs. drug-only treatment in lowing blood pressure in the elderly, eight RCTs including 954 patients were analyzed to assess the efficiency. Due to the high heterogeneity (P < 0.01, I2 = 74%), a random-effect model was used. The results showed that acupuncture combined with drug, compared with drug-only treatment, had a significant difference in lowering blood pressure (RR = 1.18, 95% CI: 1.06–1.31, P < 0.01) (Figure 5).
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FIGURE 5
(A) The forest plot shows the effect of acupuncture combined with drugs vs. drugs-only treatment on the efficiency rate in subgroups stratified according to treatment frequency. (B) The forest plot shows the effect of acupuncture combined with drugs vs. drugs-only treatment on the efficiency rate in subgroups stratified according to the treatment duration.




3.5.1.2. Subgroup analysis

Given the high heterogeneity in the efficiency rate (P < 0.01, I2 = 74%), we conducted subgroup analyses based on treatment frequency and duration, to clarify the source of heterogeneity, providing more valuable evidence for clinical practice. The same subgroup analysis method was used for all the following outcomes.

We divided participants into two subgroups based on treatment frequency (subgroup 1: frequency ≤3 times; subgroup 2: frequency >3 times). Due to the low heterogeneity in subgroup 1 (P = 0.39, I2 = 1%), a fixed-effect model was used. Acupuncture combined with drugs showed a significant difference in lowering blood pressure in the elderly when treatment frequency is less than three times a week (RR = 1.21, 95% CI: 1.13–1.30, P < 0.01), compared with drugs-only treatment. On the other hand, subgroup 2 had a high heterogeneity (P < 0.01, I2 = 86%), therefore, a random-effect model was adopted. In this subgroup, the results showed no significant difference between the two groups (RR = 1.17, 95% CI: 0.93–1.47, P = 0.18) (Figure 5A).

We also divided participants into two subgroups based on treatment duration (subgroup 1: duration >4 weeks; subgroup 2: duration ≤4 weeks). Due to the low heterogeneity in subgroup 1 (P = 0.50, I2 = 0%), a fixed-effect model was used. Acupuncture combined with drugs showed a significant difference in lowering blood pressure in the elderly when the treatment duration is more than four weeks (RR = 1.22, 95% CI: 1.14–1.30, P < 0.01), compared with drugs-only treatment. On the other hand, subgroup 2 had a high heterogeneity (P < 0.01, I2 = 88%), therefore, a random-effect model was adopted. In this subgroup, the results showed no significant difference between the two groups (RR = 1.15, 95% CI: 0.84–1.55, P = 0.38) (Figure 5B).




3.5.2. SBP


3.5.2.1. Meta-analysis

Seven RCTs with 844 participants were analyzed to assess changes in SBP. A random-effect model was used due to the high heterogeneity (P < 0.01, I2 = 91%). The results showed a significant difference in lowering SBP between acupuncture plus drugs and drugs-only treatment (MD: −9.81, 95% CI: −13.56 to −6.06, P < 0.01) (Figure 6).
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FIGURE 6
(A) The forest plot shows the effect of acupuncture combined with drugs vs. drugs-only treatment on the SBP in subgroups stratified according to treatment frequency. (B) The forest plot shows the effect of acupuncture combined with drugs vs. drugs-only treatment on the SBP in subgroups stratified according to the treatment duration.




3.5.2.2. Subgroup analysis

Pooled SBP showed a high heterogeneity (P < 0.01, I2 = 91%).

In the subgroup analysis according to treatment frequency, both of the results for frequency less than three times a week (MD: −10.03, 95% CI: −15.56 to −4.50, P < 0.01) and frequency more than three times a week (MD: −9.36, 95% CI: −14.22 to −4.50, P < 0.01)) showed that acupuncture plus drugs had a significant difference compared with drugs-only treatment (Figure 6A).

For the treatment duration, both duration less than 4 weeks (MD: −7.23, 95% CI: −9.71 to −4.75, P < 0.01) and more than 4 weeks (MD: −11.04, 95% CI: −16.14 to −5.93, P < 0.01) showed that acupuncture plus drugs had a significant difference compared with drugs-only treatment (Figure 6B).




3.5.3. DBP


3.5.3.1. Meta-analysis

Seven RCTs with 844 participants were analyzed to assess changes in DBP. A random-effect model was used due to the high heterogeneity (P < 0.01, I2 = 96%). The results showed a significant difference in lowering DBP between acupuncture plus drugs and drugs-only treatment (MD: −7.04, 95% CI: −10.83 to −3.24, P < 0.01) (Figure 7).
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FIGURE 7
(A) The forest plot shows the effect of acupuncture combined with drugs vs. drugs-only treatment on the DBP in subgroups stratified according to treatment frequency. (B) The forest plot shows the effect of acupuncture combined with drugs vs. drugs-only treatment on the DBP in subgroups stratified according to the treatment duration.




3.5.3.2. Subgroup analysis

Pooled DBP showed a high heterogeneity (P < 0.01, I2 = 96%).

In the subgroup analysis, both of the results for frequency less than three times a week (MD: −10.03, 95% CI: −15.56 to −4.50, P < 0.01) and frequency more than three times a week (MD: −9.36, 95% CI: −14.22 to −4.50, P < 0.01)) showed that acupuncture plus drugs had a significant difference compared with drugs-only treatment (Figure 7A).

For the treatment duration, both of the results for less than 4 weeks (MD: −7.23, 95% CI: −9.71 to −4.75, P < 0.01) and more than 4 weeks (MD: −11.04, 95% CI: −16.14 to −5.93, P < 0.01) showed that acupuncture plus drugs had a significant difference compared with drugs-only treatment (Figure 7B).






4. Discussion


4.1. Summary of findings

In this study, a systematic review and meta-analysis of 12 RCTs of acupuncture for hypertension in the elderly were conducted, covering 1,466 participants. We selected the efficiency rate and changes in mean SBP and DBP as primary and secondary outcomes. First, acupuncture alone or combined with drugs outperforms drugs-only treatment, as evidenced by an improvement in blood pressure values after the interventions.

Secondly, we conducted subgroup analyses based on treatment frequency and duration. The results showed that acupuncture alone or combined with drugs, at less treatment frequency or longer treatment duration, has a positive impact on increasing the efficiency rate and lowering SBP and DBP. However, the clinical evidence is still relatively insufficient and further research is needed.

Finally, studies on side effects do not allow for an adequate evaluation of the safety of acupuncture because of the small amount of literature mentioned.



4.2. Mechanisms of acupuncture

A large number of clinical studies have demonstrated that acupuncture can be used as an effective method for controlling hypertension (28, 29). A randomized controlled trial found a reduction in both systolic blood pressure (SBP) and diastolic blood pressure (DBP) after 6 weeks of biweekly acupuncture treatment compared to the sham acupuncture group (30). In addition, acupuncture reduced aortic SBP and improved arterial stiffness and reflection waves in middle-aged and elderly patients with hypertension (31). Some evidence suggests that acupuncture can affect RAAS as well as the central sympathetic and endocrine systems (32). Theoretically, acupuncture reduces reflex hypertension by regulating the activity of precardiovascular sympathetic neurons on the ventrolateral (RVLM) end of the medulla oblongata. In addition to this, acupuncture was able to inhibit the activation of neurons in the arcuate nucleus of the hypothalamus, the ventral lateral nucleus of the gray nucleus around the midbrain aqueduct, and the pallid nucleus of the medulla oblongata, resulting in decreased activity of premotor sympathetic neurons in the ventral lateral aspect of the medulla oblongata head (RVLM).

Acupuncture can cause changes in plasma levels of serotonin, aldosterone, angiotensin II, renin, and norepinephrine (33). Previous studies have shown that acupuncture plays a role in lowering blood pressure through its effects on the nervous system (including afferent pathways, central nervous system, and efferent pathways) and neurotransmitters. Yang M (34) compared the levels of 47 compounds that have been reported in the literature in plasma before and after patients received acupuncture by a metabolomic approach to screen for compounds that may be relevant to the lowering of blood pressure by acupuncture. Finally, they found that there were significant differences in the levels of oleic acid and inositol before and after acupuncture and that acupuncture reduced the plasma levels of these two compounds in hypertensive patients, and inferred that they may be related to the mechanism of blood pressure lowering by acupuncture. Oleic acid can regulate monounsaturated fatty acid content and ultimately adrenergic α and β receptor efficacy by altering cell membrane lipid structure as well as α2-adrenergic receptor pathways, which in turn affects central and peripheral blood pressure levels (35). Acupuncture regulates inositol (an insulin-like characteristic protein with insulin-sensitizing properties) levels probably by improving vascular smooth muscle diastolic capacity and affecting blood pressure (36, 37). Generally speaking, serving as a non-pharmacological intervention, acupuncture has been used by clinicians to improve and treat a variety of cardiovascular diseases and also has the advantage of reducing treatment costs, adverse effects, and complications (38). Therefore, as a safe and effective adjuvant therapy for hypertension, acupuncture has been widely used in clinics, and has a significant effect on reducing blood pressure.



4.3. Strengths and limitations

This study, differing from other studies that set all adults with hypertension as the study population, analyzes the elderly hypertensive population specifically. We found that acupuncture-only treatment had the same antihypertensive effect compared with drugs and that acupuncture plus drugs was more effective than using antihypertensive drugs alone. What's more, our research analyzed the effect of acupuncture from other perspectives, such as the treatment frequency and duration, providing a more detailed treatment plan for acupuncture as an adjunct to antihypertensive medication.

There are still several limitations of this study: (1) The randomized controlled trials included in this study have low methodological quality, and some articles did not specify the blind method and specific intervention measures, which could potentially lead to errors in the results of the meta-analysis; (2) Few studies were conducted in this area, with only 12 RCTs included, which may have led to publication bias and low-certainty evidence for the results; (3) All trials were conducted in China, so it may be difficult to generalize the findings to other countries, especially those with different views and beliefs about acupuncture, which may lead to publication bias; (4) In this meta-analysis, the observed benefit correlated only with the outcome at the end of treatment. The long-term effects of acupuncture, alone or in combination with antihypertensive therapy, in the treatment of hypertension in older adults are unclear and worthy of further study.



4.4. Implications

This systematic review and meta-analysis may have some potential implications for clinical practice. Firstly, the use of acupuncture plus antihypertensive drugs outperforms drugs-only treatment in the elderly with hypertension, which has important practical clinical value in terms of improving remission rates as well as reducing the number of elderly people using antihypertensive drugs. Therefore, based on our research, we recommend that elderly patients using antihypertensive medications, especially those who have responded poorly or have adverse effects to antihypertensive medications, also receive acupuncture treatment. Meanwhile, when acupuncture treatments are performed, low-frequency, long-term treatment will have a more pronounced effect on lowering blood pressure. Usually, the acupuncturist will set an individualized acupuncture plan for each patient based on the patient's symptoms and TCM theory, but the randomized controlled trials included in this study showed differences in acupoint selection, type of acupuncture, treatment duration, and frequency. Thus, the optimal prescription of acupuncture for elderly patients with hypertension remains unclear.

Hypertension is an important risk factor for cardiovascular disease, and its greatest disease burden is that it can damage the function of essential organs such as the heart, brain, and kidneys, eventually leading to the failure of these organs. Therefore, to confirm the evaluation of the efficacy of acupuncture in elderly patients with hypertension, more attention should be paid to endpoint events, such as distant-related cardiovascular events and target organ damage, in addition to the observation of blood pressure values. Future work should combine high-quality and large-scale randomized controlled trials with meta-analyses to characterize the effectiveness and safety of acupuncture in the treatment of elderly patients with hypertension and to determine the best treatment options.




5. Conclusion

In conclusion, our systematic review and meta-analysis found that acupuncture-only treatment had the same efficacy and antihypertensive effect compared with drugs, and acupuncture plus drugs outperforms drugs-only treatment. Besides, when acupuncture treatments are performed, low-frequency, long-term treatment will have a more pronounced effect on lowering blood pressure, which can improve remission rates as well as reduce the number of elderly people using antihypertensive drugs. The results of our meta-analysis should be considered with caution due to the methodological shortcomings of the included studies and the limited sample size of this paper. In future clinical studies, attention should be paid to the standardized and scientific design required for randomized controlled trials, and studies with multicenter, large samples and sufficient follow-up time should be conducted in order to derive more systematic objective, and accurate curative effect, provide reliable evidence for further proving the superiority of long-term efficacy of acupuncture in the treatment of hypertension in the elderly.
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Qi deficiency and blood stasis and water-dampness

retention (QBWD)

Main symptoms

1. Shortness of breath

2. Weakness

3. Palpitations

Qi deficiency syndrome

1. Palpitations and shortness of breath

2. Fatigue

3. Spontaneous sweating

4. Pale complexion

5. Pale tongue

6. Corpulent tender tongue with indentations in
the margin of the tongue

7. Weak pulse

The included patients need to have two or more of
the above symptoms

Blood stasis syndrome

1. Dark purple lips, face or hands

2. Purple, dark or bruised tongue

3. Enlarged sublingual venation

4. Uneven pulse

The included patients need to have two or more of
the above symptoms

‘Water-dampness retention
syndrome

1. Edema

2. Hydrothorax/Ascites

3. Poor urination

The included patients need to have two or more of
the above symptoms
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Che Qian Cao Plantago asiatica L.
HA/ Curcumae Rhizoma/ Dried rhizome Guangxi
E Zhu Curcuma kwangsiensis S. G. Lee et C. F. Liang
a5 Ginseng Radix Et Rhizoma Rubra/ Dried root and rhizome Dongbei
Hong Shen Panax ginseng C. A. Mey.
W/ Astragali Radix/ Dried root Gansu
Huang Qi Astragalus membranaceus (Fisch.)

Bge.var.mongholicus (Bge.) Hsiao
KK Astragali Radix Pracparata Cum Melle/ Dried root Gansu
Zhi Huang Qi Astragalus membranaceus (Fisch.)

Bge.var.mongholicus (Bge.) Hsiao
WIZRE/ Corni Fructus/ Dried and ripe pulp Henan
Shan Zhu Yu Cornus officinalis Sieb. et Zucc.
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NYHA, New York Heart Association; 6MW'T, 6-min walk distance test; MLHFQ, Minnesota Living with Heart Failure Questionnaire; TCM, traditional Chinese Medicine; ECG, electrocardiogram;
AE, adverse event.
“J” Represents the need for implementation at this point in time.
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Weight

Sample Size

Control | Saponin

I/R Duration

Heetal | 2018 | China | Saponins from Rhizoma Panacis Majoris Rhizoma Panacis Majoris | 200 mg/kg, p.0., 14 days/30 min before | Male Rats, Wistar | 200g+ 8 8 30min/2h
R 20g
Huang 2021 | China | Saponin astragaloside IV Astragalus membranaceus | 20 mg/kg; ip., during reperfusion | Male Mice, C57BL/6 | 20-25 g 6 6 30 min/4 h
etal.
Wang et al. | 2021 | China | C: ide E Aralia elata (Mig.) 7.5/15/30 mg/kgp.0., 3 days before IR | Male Rats, SD 270280 g 5 5 30 min/48 h
‘Wang et al. | 2018 | China | Total Saponins of Aralia Elata (Miq) Seem Aralia elata (Miq.) 25/50/100 mg/kg, p.o., 5 days before | Male Rats, SD 260-300 g 6 6 30 min/48 h
IR
Wei etal. | 2019 | China | Astragaloside IV Astragalus membranaceus | 25/5 mg/kg, p.o., 7 days before IR | Male Rats, SD 202408 | 11 10 30 min/2 h
., 7 days before /R Male Rats, SD 220240 1 1 30 min/2 h
Wuetal | 2022 | China | Iexsaponin Hex pubescens Hook 15 min before Male Rats, SD 250=10g 5 5 30 min/24 h
Yanetal. | 2015 | China | Total saponins extracted from Aralia taibaiensis | Aralia taibaiensis 60/120/240 mg/kgp.0, 7 days before | Male Rats, SD 250+30g 8 8 30 min/3 h
IR
Zhang et al. | 2017 | China | Tlexsaponin A Hex pubescens Hook. et Arn. | 10/40 mg/kg, ip.10 min before VR | Male Rats, SD 280-320g 8 8 30 min/4 h
Zhuetal. | 2017 | China | Apigenin-7-O-f-D-(-6"-p-coumaroyl)- Clematis tangutica 1/5/10 mg/kg ip., 3 days before UR | Male Mice, C57BL/6 | 20-22g 6 6 30 min/24 h
glucopyranoside
Wang et al. | 2020 | China | Calenduloside E Aralia clata (Mig.) 15 mg/kgp.o, 3 days before /R Male Rats, SD 230250 g 6 6 30 min/48 h
Suetal. | 2022 | China | Gypenoside XVII Gynostemma pentaphyllum | 30/60 mg/kgp.o, 14 days before R | Male Mice, C57BL/ | 20-22g 10 10 120 min/
6l unknown
Lvetal 2021 | China | Tubeimoside T Bulbus Bolbostemmae 4 mg/kg, i.p,15 min after /R Male Mice, C57BL/6 | Unknown 6 6 30 min/24 h
Paniculati
Yuetal 2021 | China | Panax quinquefolius L. saponins American Panax ginseng 70/100 mg/kg. p.o., 7 days before /R | Male/ Rats, Wistar | 210-230 g 6 6 120 min/2 h
Female
Yaoetal | 2019 | China | Total saponins from Clematis tangutica Clematis tangutica 50/100/200 mg/kg,ip., 7 days before | Male Rats, SD 250=30 10 10 30 min/3 h
/R
Sunetal | 2014 | China | Panax quinquefolius saponins Panax quiquefolium L. 100/300 mg/kgig., 15 days before /R | Male/ Rats, SD 200=20 8 8 30 min/3 h
Female
Wang et al. | 2013 | China | Panax quinquefolium saponins Panax quiquefolium L. 270 mg/kgig.42 days before IR Male/ Rats, SD 150220 3 3 45 min24 h
Female
Lietal 2014 | China | Senegenin Polygala 30 mg/kg;p.o., 10 min before I/R Male Mice, C57BL/6 | 3 months | 20 20 45 min/3 h
S Stracie-Dawtey: M. sl ip. intrapeibonssl RO setion: T, orslilv rasiad: R Bahsrmiakeoerksion v TTC Srherd tetroliin dhloride.
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Sample Duration Diagnostic eGFR Intervention Course of Outcome Adverse

size,sex (M/ of HBP criteria of HN  (mL/ treatment reactions
F), age (year, (year, min)
mean + SD)  mean +
SD) or CKD
staging
wang2018 TS (25/ T:392+592 | 19 WHO-ISH | — Salvianolate  valsartan 14 days Curative effect,  Not
20,5648 + 7.39) diagnostic criteria (200 mg, ivgtt, (80 mg, po, qd) Scr, BUN, Malb,  reported
-~ (Chalmers, 1999) qd)+ valsartan ET-1, IL-6,
Cu48 (26/ Ci13.69 = 568 (80 mg, TNE-q, MDA
22,5527 + 7.93) po, qd)
10,2018 T3 (31/ T22£25 | 199 WHO-ISH | — Salvianolate  valsartan 14 days Curative effect,  Not
22,619 + 7.40) diagnostic criteria (200 mg, ivgtt, (80 mg, po, qd) Cys-C, Ser, reported
- (Chalmers, 1999) qd)+ valsartan UP/UCE
C:53 (30/ Ci124+26 (80 mg,
23,614 + 6.6) po, qd)
ding2017  T:40 (25/ T:9.54+305 | Nephrology T3502+ | Salvianolate | valsartan 14 days Curative effect,  Not
15,6008 £ 5.19)< (Wang et al., 1657 (200 mg, ivgtt, (80 mgpo,qd) BP, Cys-C, Scr,  reported
1996) qd)+ valsartan UP/UCE
C:40 (24/ C:10.14 £ 3.53 C:3491 = (80 mg,
16,61.15 + 5.23) 17.14 po, qd)
wang, T @ - Nephrology C:CKD M1 | Salvianolate  valsartan 14 days Curative effect, T4 cases
zhengetal, 38 34568+ (Wang et al., (200 mg, ivgtt, | (80 mg, po, qd) BP, Cys-C, Ser,
2017 72) 1996) qd)+ valsartan UP/UCH
c T:CKD HI | (80 mg, C2 cases
38 po, qd)
wang, wei | Td5 (25/ T:98 + 3.1 Nephrology T Salvianolate  valsartan 14 days Cunative effect, T2
etal, 2016 | 20568 +32) (Wang et al, 347 £169 | (100 mg, ivgtt, (80 mg, po, qd) BP, Cys-C, Ser,
1996) qd)+ valsartan UP/UCH !
Cu45 (26/ C97+32 o] (80 mg, Cmone
19,572 £ 3.0) 349 £165 | po, qd)
wang, pan | TS (25/ T3 Nephrology T35+17 | Salvianolate | valsartan 14 days Curative effect,  Not
etal, 2015 | 20568 + 32) (Wang et al., (100 mg, ivgtt, | (80 mg, po, qd) BP, Cys-C, Scr,  reported
1996) qd)+ valsartan UP/UC, ET-1,
Cia5 26/ C10+3 35516 (30 mg, CGRP
19,57.2 + 3.0) po, qd)
wang2015 | TAS - Nephrology - Salvianolate  valsartan 14 days Cunative effect,  Not
(Wang et al., (100 mg, ivgtt, | (80 mg, po, qd) BP, Cys-C, Scr,  reported
C45 1996) qd)+ valsartan BUN, Urine f2-
(80 mg, Mglb, Urine
po. qd) Malb, 24hUP,
ET-1,
CGRP, MDA

T, treatment group; C, control groups M, male; F, female; HBP, hypertension; HN, hypertensive nephropathy; WHO-ISH, World Health Organization and the International Society of Hypertension;
Scr, serum creatinine; SD, standard deviation; BP, blood pressure; BUN, blood urea nitrogen; Malb, microalbumin in urine; UP/UCr, Urine protein/Urine creatinine; ET-1, endothelin-1; IL-6,
interleukin-6; TNF-a, tumor necrosis factor-a; MDA, malondialdehyde; Cys-C, Cystatin C; SBP, systolic blood pressure; DBP, diastolic blood pressure; CKD, chronic kidney discase; CGRP, calcitonin
gene-related peptide: Malb, microglobulin: 24hUP, 24-hour urinary protein.
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Indicator: Study effect quantity with study omitted RR/MD/SMD (95%CI)

Clinical Efficacy none 1.28 (117, 1.39) 0% 096
Liu2018 1.29 (117, 1.43) 0% 091
Wang.2018 129 (117, 1.42) 0% 091
Ding,2017 1.26 (115, 1.38) 0% 097
‘Wang et al. (2017) [ 1.28 (1.17, 1.41) 0% 0.89
Wang et al. (2016) 127 (1.16, 1.39) 0% 092

SBP none -8.98 (-12.38, -5.59) 63% 004
Ding (2017) 823 (-11.92, -4.53) 69% 004
Wang et al. (2017) -9.53 (-14.30, -4.76) 75% 002
Wang et al. (2016) -7.86 (-11.58, -4.13) 51% 013
Wang L (2015) -1040 (-13.15, -7.63) 18% 029

DBP none -5.74 (-7.20, -4.29) 18% 03
Ding (2017) 552 (-7.02, -4.02) 10% 033
Wang et al. (2017) -5.54 (-7.36, -3.73) 43% 017
Wang et al. (2016) -5.52 (-7.03, -4.01) 16% 03
Wang L (2015) -6.87 (-8.97, -4.78) 0% 047

Ser none -17.32 (-20.55, -14.10) 35% 018
Liu (2018) -14.35 (-18.26, -10.44) 0% 096
Wang (2018) e (-21.28, -14.00) 7% 011
Ding (2017) -17.99 (2147, -14.50) 0% 016
Wang et al. (2017) -17.71 (-21.08, -14.34) 43% 013
Wang et al. (2016) -18.23 (-21.75, -1471) 34% 019
Wang L (2015) -18.45 (-22.16, -1475) 49% 012

UPCR none -1.92 (-2.16, -1.69) 0% 099
Liu (2018) 193 (-2.22, -1.65) 0% 096
Wang et al. (2017) 194 (-2.25, -1.63) 0% 096
Ding (2017) -1.92 (-2.17, -1.66) 0% 096
Wang et al. (2016) -191 (-2.17, -1.65) 0% 098

Cys-C none -1.04 (-1.63, -0.45) 96% < 0.00001
Liu (2018) 095 (-1.65, 0.25) 96% < 0.00001
Wang et al. (2017) -1.00 (-173, -0.27) 97% < 0.00001
Ding (2017) 098 (-1.70, -0.27) 97% <0.00001
Wang et al. (2016) -0.98 (-1.69, 0.26) 97% < 0.00001
Wang L (2015) 131 (-145, -1.17) 0% 077

ET-1 none -44.29 (-92.48, 3.89) 99% <0.00001
Wang (2018) -18.32 (-27.32, -9.32) 71% 006
Wang et al. (2015) -54.87 (-135.08, 25.33) 100% < 0.00001
Wang L (2015) -59.50 (-130.69, 11.68) 99% < 0.00001

RR, risk ratio; MD, mean difference; SMD, standard mean difference; SBP, systolic blood pressure; DBP, diastolic blood pressure; Scr, serum creatinine; UPCR, urine protein to creatinine ratio; Cys-C,

cystatin C; ET-1, endothelin-
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Inconsistency Indirectness

CE 5 serious™ no no serious none low
SBP 4 serious™® serious” no serious none very low
DBP 4 serious™ no no serious none low
Ser 6 serious™® no no no none moderate
UMAIb 2 serious™® no no serious none low
CysC 5 serious™ serious’ no no none low
BUN 2 serious™® serious’ no serious none very low
UPCR 4 serious™® no no serious none low
ET-1 3 serious™® serious no very serious’ none very low
serious’ no no serious none low
CGRP 2 =3 i 1
MDA 2 serious™ serious® no very serious®* none very low
AR 2 serious™ no no serious? none low

HN, hypertensive nephropathy; CE, clinical efficacy: SBP, systolic blood pressure; DBP, diastolic blood pressure; Scr, serum creatinine; BUN, blood urea nitrogen; UMAIb, urine microalbumin; UPCR,
urinary proteinuria creatinine ratio; Cys-C, Cystatin C; ET-1, Endothelin-1; CGRP, calcitonin gene-related peptide; MDA, malondialdehyde; AR, adverse reactions.

“Inadequate allocation concealment.

"Missing of blinding of participants and personnel.

‘Significant heterogeneity between studies.

“The total sample size of the studies is less than 400.

“The result is not significant.
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A

Treatment Control Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
LiuD G 2016 39 1 32 8 —— 1.22[ 1.04, 143] 7.02
Liu H 2021 42 3 36 9 - 117 0.99, 1.38] 6.78
HuangYK2012 35 2 31 S 1.10[ 0.94, 1.28] 8.03
Guo L F 2015 39 3 34 4 r 1.04[ 0.90, 1.19] 9.82
Gao QY 2017 40 4 32 12 g — 1.25[ 1.02, 1.53] 4.48
Kong X H 2015 6 1 32 ¥ —— 1.19[ 1.02, 1.39] 7.70
Yao J F 2022 49 5 39 15 —— 1.26[ 1.04, 1.51] 5.37
Li TW 2021 91 3 43 10 - 1.16[ 1.01, 1.35] 8.84
Yang W B 2021 41 1 35 8 —- 1.20[ 1.03, 1.39] 8.21
LiCY 2020 29 6 25 10 —|— 1.16[ 0.90, 1.50] 2.79
Lu C 2020 59 2 45 8 - 1.13[ 1.00, 1.28] 11.82
Liu L 2019 38 1 33 7 —l— 1.18[ 1.02, 1.37] 8.14
LiuY 2019 37 2 3 — 1.19[ 1.00, 1.42] 6.05
Nie Z M 2021 388 3 31 10 —il— 1.23[ 1.01, 1.49] 4.94
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Total EGG Effective rate FBG PBG HbAlc T LDL  Frequency of Duration of
effective effective of angina angina pectoris angina
rate rate pectoris pectoris
cr 19 52 10 798 | 735 687 | 783|797 | 219 | 840 98.4
DH 368 496 566 469 | 474 252 437 540 | 359 | 602 54 399
GXN 656 [ 786 [ 782 319 | — o | - | - - | - - -
DS 583 242 375 528 | — — 60 | — | — - 385 40.1
cxQ 863 - 567 638 | 380 | SL1 | 745 | 418 | 892 | 420 - 707
DSCXQ 375 - - - - - 239 | 299 | 823 | 47 348 -
XX 54.1 830 - 774 | 624 - 46 | 244 | 394 | 214 - -
GG 644 488 [ - - - sz 467 | m0 | s - -
SXT 47 430 407 643 | 608 668 | 607 | 712 | 522 | 374 738 09
M 488 60.0 80.8 139 | 93 - 650 | 641 | 344 | 154 486 484
KDZ 592 651 - - - - 8L1| 649 | 508 | 881 - -
cwy 620 447 - — — — - - = - - -
XD 619 489 - - - - 810 | 662 | 503 | 881 - -
XST 202 373 - - - - = =] = - — -
SXN 483 - [ - - - [ I I R — -
sQ - 616 486 - - - = =] = = = =
GLP - - - 193 | 586 | 833 — |72 127 | 493 - -

Grade. assessment.
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Comparison Number of Quality evaluation of evidence Results summary Evidence

effect direct quality
comparisons  Limitation Inconsistency Indirect Uncertainty ~ Publish ~ Treatment  Control
bias group group
DH + CT vs. CT 9 0 ~le 0 0 0 360/408 266/408 Moderate
GXN + CT vs. CT 2 0 0 0 ~le —le 157/167 1311167 Low
DS+ CTwCr | 2 0 0 0 ~le -le 84/88 s | Low
CXQ + CT vs. CT 2 0 0 0 ~le -le 77180 58/80 Low
DSCXQ + CT 6 -2 0 0 0 0 248/275 1961275 Low
vs. CT
XX + CT vs. CT 3 -1b -1d 0 0 o 94/107 65/107 Low
GG +CT vs. CT 2 0 0 0 ~le -le 56/60 40/60 Low
SXT + CT vs. CT 2 - 0 0 ~le -le 125/135 o0 | Low
SM +CT vs. CT 3 0 -1d 0 0 0 108/128 69/128 Moderate
KDZ + CTvs. CT | 1 - 0 0 ~le -le 26/28 w25 | Low
CWJ +CT vs. CT 2 0 0 0 ~le -le 73176 61/76 Low
XD + CT vs. CT 1 - 0 0 ~le ~le 28130 20/30 Low
XST + CT vs. CT 1 ~1b o 0 =t =le 14/20 11/20 Very Low
SXN + CT vs. CT 1 0 0 0 ~le -le 16/19 119 Low

- indicates no evaluation; 0 indicates no degradation; - one indicates one level reduction; - two indicates two levels reduction.
a For inclusion in the study, there are two or more high risks of bias in terms of randomization, blinding, allocation concealment, integrity of outcome data or selective reporting.
b There is a high risk of bias in randomization, blinding, allocation concealment, integrity of outcome data or selective reporting for inclusion in the study.

¢ For inclusion in the study, 75% < 12 < 100%.

d For inclusion in the study, 50% < 12 < 75%.

& e Fmpl dkie o lcinded shudlis 46 <100 o8 Wi thiss Wices Lududed stidles
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References | Sample size

(T/C)

Mean age
(years)

Diagnostic
criteria

Intervention

Comparison

Duration of
treatment

Outcomes

Ding (30) 64 (33/31) T: 65.30 + 11.70 Conform to I QLQX plus RT RT 2 weeks @
C:66.70 £+ 13.10
Du (31) 106 (56/50) T: 68.70 + 4.70 Conform to I QLQX plus RT RT 4 weeks @
C:69.20 £+ 4.50
Huang (32) 73 (37/36) T:63.18 +8.15 Conform to I QLQX plus RT RT 4 weeks @
C:61.27 £ 8.09
Li(33) 491 (244/247) T:56.98 + 11.59 Conform to I QLQX plus RT RT plus placebo 12 weeks D@B®®
C:57.53 £ 11.05
Guo (34) 80 (42/38) T: 59.20 + 4.30 Conform to I QLQX plus RT RT 8 weeks D@6
C:60.10 £ 6.30
Kong (35) 78 (39/39) 55.60 & 12.70 Conform to I QLQX plus RT RT 12 weeks D@0
Liu (36) 80 (40/40) T: 56.23 + 2.50 Conform to I QLQX plus RT RT 4 weeks @®
C:54.54 +3.70
Gao (37) 88 (44/44) T:61.08 + 8.41 Conform to I QLQX plus RT RT 12 weeks D@36
C:60.46 + 8.32
Wang (38) 90 (45/45) T: 61.40 + 8.20 Conform to I QLQX plus RT RT 8 weeks @
C:62.30£7.70
Li (39) 86 (43/43) T: 67.80 + 1.50 Conform to I QLQX plus RT RT 4 weeks (O]
C: 68.00 £ 1.50
Liu (40) 80 (40/40) T:62.10 £ 9.20 Conform to I QLQX plus RT RT 24 weeks O]
C:61.40 +9.30
Liu (41) 78 (39/39) T:62.01 +5.62 Conform to I QLQX plus RT RT 8 weeks D@®
C:61.68 +5.79
Dong (42) 120 (60/60) T: 68.90 + 4.56 Conform to I QLQX plus RT RT 12 weeks @6®
C:71.30 + 5.62
Han (43) 76 (38/38) T:58.97 +5.33 Conform to I QLQX plus RT RT 12 weeks @
C:57.82 +5.41
Li (44) 70 (35/35) T:38.50 +4.10 Conform to I QLQX plus RT RT 8 weeks D@®®
C:35.20 + 3.90
Lu (45) 106 (53/53) T:62.19 +9.82 Conform to I QLQX plus RT RT 12 weeks D@@®®
C:62.54 +9.11
Li (46) 107 (54/53) T:60.17 +2.32 Conform to I QLQX plus RT RT 12 weeks D@36
C:60.22 +2.53
Liu (47) 90 (45/45) T: 74.65 £ 5.57 Conform to I QLQX plus RT RT 4 weeks @®®
C:73.45+4.64
Liu (48) 128 (64/64) T:56.42 + 8.57 Conform to I QLQX plus RT RT 12 weeks ®®
C:57.46 = 7.56
Nie (49) 82 (41/41) T:58.72 + 4.67 Conform to I QLQX plus RT RT 12 weeks D@®®
C:58.67 = 4.72
Sun (50) 66 (33/33) T:60.58 + 6.33 Conform to I QLQX plus RT RT 8 weeks D@
C:61.44 + 6.25
Yang (51) 86 (43/43) T:62.64 +1.23 Conform to I QLQX plus RT RT 8 weeks DG ®
C:62.58 = 1.17
Wang (52) 92 (46/46) T:69.89 + 5.61 Conform to I QLQX plus RT RT 8 weeks D@6 ®
C:70.40 &+ 5.38
Yao (53) 108 (54/54) T: 60.34 + 8.94 Conform to I QLQX plus RT RT 4 weeks D@@®6G®
C:59.83 +7.58
T, treatment group; C, control group; QLQX, Qili Qiangxin capsule; RT, routine treatment (including ACEI, angiotensin-converting enzyme inhibitor, beta-blocker; MRA,
mineralocorticoid receptor; ARB, angiotensin receptor blocker, diuretics, cardiac agents, vasodilating agent); @: Clinical efficacy rate; @: Cardiac function; ®: 6 min walk distance (6-

MWD); @: BNP; ®: NT-proBNP; ©:Adverse effect; @: Nat; I: 2021ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The task force for the diagnosis and
treatment of acute and chronic heart failure of the european society of cardiology (ESC) Developed with the special contribution of the heart failure association (HFA) of the ESC.
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Outcomes Anticipated absolute effects (95% CI) Relative effect No of Certainty of
(95% Cl) participants | the evidence
(studies) (GRADE)
Assumed risk: Corresponding risk:
non-acupuncture acupuncture
Clinical efficacy rate | 798 per 1000 846 per 1000 RR 1.06 1205 SeeO
(830-854) (1.04-1.07) (14 RCTs) MODERATE
6-MWD The mean 6-MWD in the control The mean weekly defecation in the - 573 00
groups was 92.82 intervention groups was 1.55-fold (6 RCTs) LOW
higher (0.89-2.21-fold higher)
BNP The mean BNP in the control groups | The mean BNP in the intervention - 554 00
was 635.09 groups was —0.78-fold higher (—1.06 (8 RCTs) LOW
to —0.51-fold higher)
NT-proBNP The mean NT-proBNP in the control | The mean NT-proBNP in the - 689 o000
groups was 2662.80 intervention groups was —2.15-fold (6 RCTs) LOW
higher (—3.60 to —0.71-fold higher)
LVEDD The mean LVEDD in the control The mean LVEDD in the intervention 981 00
groups was 4.72 groups was —1.04-fold higher (—1.39 (11 RCTs) LOW
to —0.70-fold higher)
LVEF The mean LVEF in the control groups | The mean LVEF in the intervention 1183 [GS1@)
was 6.73 groups was 1.20-fold higher (0.97 to (14 RCTs) MODERATE
1.43-fold higher)
LVESD The mean LVESD in the control The mean LVESD in the intervention 254 00
groups was 6.87 groups was 0.10-fold higher (—0.35 to (3 RCTs) LOW
0.56-fold higher)
Adverse events 223 per 1000 102 per 1000 RR 0.46 619 00
(56-194) (0.25-0.87) (7 RCTs) LOW

RCTs, randomized controlled trials; LOW (low certainty): Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect;
MODERATE (moderate certainty): We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different. 6-MWD, 6-min walk distance.
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Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% CI (%)
GaoQY 2017 44 14284 66.98 44 5762 69.35 —- 1.25[ 0.79, 1.71] 16.75
Kong XH2015 39 103.9 31.99 39 68.2 34.5 —- 1.07[ 0.60, 1.55] 16.64
LiB 2018 43 252 49.12 43 171 46 —— 1.70[ 1.21, 2.20] 16.52
Yao J F 2022 54 170.96 29.06 54 89.34 27.66 —Jl—2.88[ 2.34, 3.42] 16.24
Li T W 2021 54 9571 54.15 53 69.82 50.63 - 0.49[ 0.11, 0.88] 17.15
Lu C 2020 53 152.26 27.86 53 100.94 24.32 —- 1.96[ 1.50, 2.43] 16.71
Overall e 1.55[ 0.89, 2.21]
Heterogeneity: T° = 0.62, I’ = 91.67%, H’ = 12.01
Test of 6, = 6;: Q(5) = 59.55, p = 0.00
Testof 8=0:z=4.63, p=0.00
A 0 1 2 3
Random-effects REML model Favours QLQX + RT Favours RT
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A

Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% CI (%)
Liu H 2021 45 21411 52.44 45 -201.1  47.49 —- -0.26 [ -0.68, 0.15] 17.06
DuCC2009 56 -412.3 91.7 50 306 9219 - -1.16 [ -1.57, -0.74] 17.16
Wang D 2017 45 -01.76 7434 45 4475 61.19 —- -0.69[ -1.12, -0.27] 16.73
LiB 2018 43 -2575 628.04 43 -1868 582.38 —J— -1.17[ -1.62, -0.71] 15.73
Han GZ 2020 38 -22293 96.66 38 -155.24 95.33 —— -0.71[ -1.17, -0.24] 15.55
Lu C 2020 53 -1602.87 528.66 53 -1235.44 450.14 —- -0.75[ -1.14, -0.35] 17.76
Overall <> -0.78 [ -1.06, -0.51]
Heterogeneity: T =0.07, ' =59.27%, H' = 2.46
Test of 6, = 6;: Q(5) = 12.29, p = 0.03
Testof 6 =0:z=-5.63, p=0.00
2 4 0 1 2

Random-effects REML model Favours QLQX + RT Favours RT

B Treatment Control Cohen's d Weight
Study N  Mean SD N Mean SD with 95% CI (%)
Guo L F 2015 42 -2798 387.56 38 -2629 373.77 i -0.44[ -0.89, 0.00] 16.83
Gao QY 2017 44 -2627.36 210.98 44 -2016.55 200.26 B -2.97[ -3.58, -2.36] 16.60
Yao J F 2022 54 49292 5566 54 -410.84 74.65 1 -1.25[ -1.66, -0.83] 16.86
Dong Y 2020 60 -8591.86 526.83 60 -8369.05 484.37 O -0.44[ -0.80, -0.08] 16.92
Li T W 2021 54 -2356.29 35.09 53 -2254.9 36.56 B -2.83 [ -3.37, -2.29] 16.71
Yang W B 2021 43 -41468 2264 43 -296.43 2332 — -5.15[ -6.02, -4.27] 16.08
Overall e -2.15[ -3.60, -0.71]
Heterogeneity: T = 3.18, I’ = 98.06%, H’ = 51.61
Test of 6, = 6;: Q(5) = 168.27, p = 0.00
Testof 8=0:z=-2.92, p=0.00

7654321012
Random-effects REML model Favours QLQX + RT Favours RT
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Treatment Control Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
Liu H 2021 3 42 6 39 — 050 0.13, 1.88] 12.87
Yao J F 2022 7 47 4 49 1 1.72[ 0.53, 5.53] 14.66
Yang W B 2021 2 41 6 37 . 0.33[ 0.07, 1.56] 10.71
Li CY 2020 3 32 4 31 —ilk 0.75[ 0.18, 3.11] 11.84
Lu C 2020 9 44 14 39 - 0.64[ 0.30, 1.36] 20.77
Liu'Y 2019 2 37 14 25 - 0.14[ 0.03, 0.59] 11.92
Nie ZM 2021(ng/ml) 4 37 21 20 B 0.19] 0.07, 0.51] 17.23
Overall <& 0.46[ 0.25, 0.87]
Heterogeneity: T = 0.36, I” = 51 .05%, H = 2.04
Test of 6, = 6;: Q(6) = 12.01, p = 0.06
Testof 8 =0:z=-2.38, p=0.02

Random-effects REML model

0.00 1 200 3.00 4
Favours QLQX + RT

Favours RT
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References | Preparation of Animal species | Gender Number of | Weight | Intervention | Experimental |Experimental Relevant targets
the animal animals duration type
model
Lin (23) Ligation operation SD rats Male 50 200-250 g QLQX 4 weeks Pharmacodynamic Caspase-3
Xu (24) Abdominal aorta SD rats Male plus female 60 200-240 g QLQX 8 weeks Pharmacodynamic Fas, FasL, Bax, Bcl-2
coarctation
Yu (25) Ligation operation Wistar rats Male 42 230-250 g QLQX 4 weeks Pharmacodynamic P2X
Qian (26) Intraperitoneal injection | Wistar rats NA 21 200+20g QLQX 6 weeks Pharmacodynamic Superoxide dismutase,
of azithromycin in rats malondialdehyde
Cui (27) Ligation operation SD rats Male 40 200-250 g QLQX 4 weeks Pharmacodynamic Aquaporin-2 expression
and phosphorylation at
serine 256
Li (28) Ligation operation Wistar rats Male 21 250-280 g QLQX 4 weeks Pharmacodynamic Superoxide dismutase
Liu (29) Intraperitoneal injection | Wistar rats Male 60 245+5¢g QLQX 4 weeks Pharmacodynamic CC chemokine receptor 4,

of azithromycin in rats

G protein, Ca2t

SD, sprague dawley; QLQX, Qili Qiangxin capsule.
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Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% ClI (%)
LVEDD
Guo L F 2015 42 76 501 38 -33 465 -+ -0.89[ -1.35, -0.43] 3.57
Wang D 2017 45 -8.03 519 45 -2.78 3.83 - = -1.15[ -1.60, -0.70] 3.58
Gao QY 2017 44 583 317 44 -271 3.25 - -0.97[ -1.41, -0.53] 3.58
Kong X H 2015 39 -144 58 39 -88 6.86 - = -0.88[ -1.35, -0.42] 3.57
Li B 2018 43 11 361 43 5 4 I 157 [ -2.06, -1.09] 3.56
Yao J F 2022 54 -1743 35 54 -972 317 1} 2.31[ -2.80, -1.82] 3.55
Dong Y 2020 60 -10.3 363 60 -447 372 -1.59[ -2.00, -1.18] 3.60
Li T W 2021 54 -6.97 5.02 53 3 497 = = -0.79[ -1.19, -0.40] 3.60
Li C'Y 2020 35 -8.14 985 35 -542 1067 z E -0.26[ -0.74, 0.21] 3.56
Han G Z 2020 38 -6.25 6.38 38 -36 6.79 -H -0.40[ -0.86, 0.05] 3.57
Liu'Y 2019 39 -6.89 55 39 -315 562 B -0.67[ -1.13, -0.22] 3.57
Heterogeneity: 7° = 0.28, I = 84.40%, H’ = 6.41 > -1.04[ -1.39, -0.70]
Test of 6 = 8;: Q(10) = 60.77, p = 0.00

Favours QLQX + RT Favours RT
LVEF
Liu H 2021 45 113 465 45 525 483 - 128[ 082, 1.73] 3.57
Guo L F 2015 42 189 6.1 38 87 541 - 1.76[ 125, 228] 3.54
Wang D 2017 45 2054 49 45 1664 5.25 -0 0.77[ 0.34, 1.20] 3.59
Gao QY 2017 44 1564 502 44 876 553 - 130[ 084, 1.76] 3.57
Kong X H 2015 39 121 651 39 49 656 - 1.10[ 063, 1.58] 3.56
LiB 2018 43 11 4.36 43 6 4 - 120[ 074, 165] 3.57
Yao J F 2022 54 101 252 54 51 288 - 185 140, 2.30] 3.57
Dong Y 2020 60 143 518 60 509 53 - 176 134, 2.18] 3.59
Li T W 2021(cm) 54 181 569 53 9.09 528 - 164 120, 2.08] 3.58
Li C Y 2020 35 17.04 982 35 591 969 - 114 064, 165] 354
Han G Z 2020 38 7.32 483 38 27 434 E B 1.01[ 053, 1.48] 3.56
Lu C 2020 53 953 497 53 664 435 1 0.62[ 0.23, 1.01] 3.61
Liu'Y 2019 39 976 704 39 371 66 . B 0.89[ 042, 1.35] 3.57
Nie ZM2021(ng/ml) 41 899 59 41 576 575 -l 055[ 0.11, 1.00] 3.58
Heterogeneity: T° = 0.13, I’ = 71.31%, H* = 3.49 O 1.20[ 0.97, 1.43]
Test of 6; = 8 Q(13) = 46.66, p = 0.00
Favours RT Favours QLQX + RT
LVESD
Yao J F 2022 54 11 31 54 -549 305 1.79[ -2.24, -1.35] 3.58
Li C'Y 2020 35 -14.76 9.94 35 -11.99 10.2 -l -0.28[ -0.75, 0.20] 3.56
Han G Z 2020 38 -497 492 38 -313 473 EE -0.38[ -0.83, 0.07] 3.57
Heterogeneity: 7° = 0.66, I° = 92.44%, H® = 13.23 e -0.82[ -1.78, 0.14]
Test of 8i = 6;: Q(2) = 26.92, p =0.00
Favours QLQX + RT Favours RT
Overall 0.10[ -0.35, 0.56]
Test of group differences: Qu(2) = 121.44, p = 0.00
2 0 2

Random-effects REML model
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Study or Acupuncture + Drug Drug
Subgroup SD Total Mean  SD
Caixia Liu-2019 9268 36900 30 100.54 33500
Chuan Jin-2020 81.25 62200

62 88.43 6.0900
Den Zhao-2021 816378500 91 8557 8.5600
fanlin Ye-2014. 8350 53300 118 87.46 53100
301

Lihua Hu-2007 70.90 56000
Yuhuan Li~2020 7500 4550 5 a7 5 1ann
Jinchen Huang-2022 o448 5450 40 510

Total (common effect, 95% C)
Total (random effect, 95% CI)
Hetarogeney: Tau’ = 26.110; i
Testforoveta fec (crmmon offct
Toat ot cveralefec (andom efocs)

Test for subgroup differences (common elﬁecﬂ cm =42.40,
Test for subgroup differences (random effects): Chi” = 0.42,

Study or Acupuncture + Drug
Subgroup SD Total Me
Caixia Liu-2019 9268 36900 30 100.54 3.3500

Chuan Jin-2020 812562200 62 8843 6.0900
Dan Zhao-2021 816378500 91 8557 8.5600
Yuhuan Li~2020 75.09 42500 52 92.27 5. 1ann
Jianlin Ye-2014 38983900 {118, &7delas
Lihua Hu-2007 7090 56000 30 7520 59000
40 8318 43400

Jinchen Huang-2022 84.46 5.4300

Total (common effect, 95% CI)
Total(random offec, 38% 1),

423

Weight Weight  Mean Difference
30 167%  145%  -7.86[-964, -6.08] —
62 113% 143%  -7.18[-935, -501] -
89 92% 141%  -394[-634, -1.54] =
18 289% 147%  -387[-523, -251) -
2099 66.1% -~ -5.46[-6.35, -4.56] -
57.5%  -570[-7.88, -3.52] =
0 63% 7 39]
52 161% 145% ~17m[-1suu Awsasl
40 115% 3% -4T3[-6.88, -2.50]
122 339% --  -10.58 [-11.83, -9.32]
-~ 425%  -8.78[-17.80, 0.25]
421 100.0% - -749[-7.92, -6.46]
-- 1000%  -7.04[-10.83, -3.
Weight Weight  Mean Difference
30 167% 145%  -7.86(-9.64, -6.0] —
62 113% 143%  -7.18[-935, -501] —
89 9% 141% 94[-634,
52 161%  145% -17.18(-19.00,
18 289%  147% 87(-523, -
381 823% - -7.75[-8.56, <
T20% 801 [-4207, - et
30 83%  137%  -430[-721, -1.39]
40 115%  143%  -4.73[-6.88, -258]
0 177% - -458[-631, -2.85]
28.0%  -458[-631, -2.85]
421 100.0% 719792, -6.46]
100.0%  ~7.04 [-10.83, ~3.24]
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Study or

Acupuncturs + Drug Drug Weight Weight  Mean Difference tean Difference
Subgroup SD Total Mean
Caixia Liu-2019 14252 20600 30 14687 38800 30  418% 159%  -435[-592 -278] -
Chuan Jin-2020 Tod 75100 62 14ize 7500 G IS0% dore -14sl-174p. 12 24 —_
Dan Zhao-2021 a7 114000 of 43s0 100 0 M tade 1477 (tadsTra ——
Janin Ye-2014 13557 104200 118 14218 94300 118  160% 152%  ~661[-9.15, -4.07] —
Total (common e c 301 299 805% -7.76[-8.89, -6.63] >
Total e - 1003 [-15.56, ~4.50] —~—
L Hu-2007 12080 82000 30 13550 86000 30  57% 135%  -570[-995, ~145] .
Yuhuan Li-202 461200 S2lGATIRO0N0 52 27w Ma% -eoilmid, -esm  ——
Jnchen Huang-2022 12883 74100 40 13685 65200 40  110% 147%  -802(-1108, -496] —
tal (comm 95% C! 122 e Selem e a
To. m effect, 05 - 6% -9.36[-1422, -4.50] —
Total (common effect, 95% C! s 421 1000% - -730[-891, -688]
Toal random ofect, 35% cl) - 1000%  -9.81[-13.56, -6.06] <
Heterogeneity: Tau’ = 22.394; Chi’ = 88.98, df =6 (P < O1); = 91% r T 1
Tostfof overa et (cormon flec) 2= 5 247 < 01) 2 -0 0 10 2
Test for overall ffec (random effecis): 2= -5.13 (P < 01)
Test for subgroup differences (common eﬂecl) cn? 029, df =.59)
Test for subgroup diferences (random efects):Chi = 0.03,df = 1 (P = 86)
Study or Acupuncture + Drug Drug Weight Weight  Mean Difference fean Difference
Subgroup Mean D Total Mean
14252 20600 30 14687 38800 30 418%  159% -
12633 TS0 G2 14125 Ta0 & 150%  f81% —_
12879 114800 56134700 89 77%  141% —
12745 120500 52 1i247 toon s zmh ek —_—
710400 18 1218 S40 Te  fo0%  152%
ect, 9 381 833 - -8.03[-9.14, -6 921
Total ( c - 718%  -11.04[-16.14, 53 —~
L Ho- 12080 82000 30 13550 86000 30 57% 135%  -570[-995, -145] L
snchen Huang-2022 1268 74100 4013685 650 40 MO 14T%  -8OZE1IGE 45D -
tal (comm; ) 0 167% - -723(-071, -475] —
Total (random effect, 95% C 282%  -7.23[-971, -475] -
Total (common effect, 95% Ci) 421 1000% - -790[-891, -688]
Tt andom e, 6% 8, toogh o8t 1558, -a.08) -
Hel Tau = 22.354; Chi’ = 6898, o =6 (P < O1); = 91% r T 1
Tot o ovetal ot (orman ofoc): 2 - 16 s o) 2 -0 0o 10 2
Test for ovr
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Study or Acupuncture + Drug Drug  Weight Risk R Risk Ratio
Subgroup Events Total Events d + Random, 95% CI MH, ;
Caixia Liu-2019 2 30 19 51%  74% 137 [1.01,1.86]
Chuan Jin-2020 59 62 52 62 140% 147% 1.13(1.00, 1.28]
Dan Zhao-2021 86 91 73 89  199% 153% 1.15[1.03, 1.29]
Jianlin Ye-2014 108 118 85 118 229%  146% 127 (112, 1.44]
(common effe 301 209 0% - 1.21[1.13,1.30]
Tot ) - 520% 149[1.11,1.27]
Junging Che-2018 48 55 53 55  143% 154 091081, 1.01)
Lihua Hu-2007 29 30 24 30 65% 116% 1.21(1.00, 1.46]
Yuhuan Li-2020 49 52 39 52 1o 5%  125% 126 1.06, 1.49]
Jinchen Husng-2022 3% 40 25 40 7% 8 144 (1.11,1.87]
imon effect, 95% CI 177 s 1.45[1.05,1.25]
5 48.0% 147[0.93,1.47]
Total (common effect, 95% C1) 478 476 100.0% - 119 [1.12,1.25]
Total (random effect, 95% CI) - 100.0% 1.18[1.06, 1.31]
Heterogeneity: Tau” = 0.017; Chi = 27.23, df = 7 (P < 01); = 74%
Test for overall effect (common effect): 2 = 6.15 (P < 01)
Test for overalleffect (random effects): Z = 3.01 (P < 01)
Test for subgroup diferences (common effect): Chi = 0.82, d
Study or Acupuncture + Drug Drug  Weight Weight Risk Ratio Risk Ratio
Subgroup, Events Total Events d + Random, 95% CI m
Caixia Liu-2( 2 30 19 30 51% 74 137 [1.01,1.86]
Chuan Jin- 2uzu 59 62 52 62 140% 147% 1.13[1.00, 1.28]
Dan Zhao-2021 86 91 73 89  199% 153% 1.15[1.03, 1.29]
Yuhuan Li-2020 49 52 39 52 105%  125% 1.26[1.06, 1.49)
Jianlin Ye-2014 108 118 85 118 229%  146% 127112, 1.44]
Total (common effect, 95% CI 353 351 2,59 — 1 2[1.1413
T lom eff 5 - 64.5% 20[1.13,1.27]
Junging Che-2018 48 55 53 55  143%  154% 0.91[0.81,1.01)
Lihua Hu-2007 29 30 24 30 65% 116% 121(1.00, 1.46]
Jinchen Huang-2022 36 40 25 40 67% & 144 (111,18
Total (comm 95% CI 125 125 215% 1.41[1.00,1.23]
To ndc 95% C - 355% 1.15[0.84, 1.55]
Total (common effect, 95% CI) 478 476 100.0% - 119[1.12,1.25]
- 100.0% 1.18[1.06, 1.31]

Total (random .m:t 95% CI)

Heterogeneity: Tau® = 0.017; Chi’ = 27.23, d
Tos fo overal afect (c (common effect): Z
Test for overall effect (random effects): <.01)
Test for subgroup differences (common e«ec\) ch? 2 32 d

7(P<.01); P =74%
151P< o1)
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Acupuncture Drug  Weight ight K Rati
Evants Total Evants Total (acmmen) (r.nndom) MH, Fixeds * Random, 95% I

tudy
Jio Zheng-2 242% 1.12[0.95, 1.30]
Peiysan tao 2009 FE T R A 1 1.22[0.98, 1.52]
Uil Dou-2016 84 100 80 100  47.1%  34.5% 105[0.92, 1.20]
Jinfen Shao-2021 48 50 41 50 241%  29.1% 117 (1,02, 1.35]
210 100.0% - 14111.03,1.20]
100.0% 142[1.08,1.21]
(= 59 1= 0%
ity aocy 2262 w < nn
Test for overall effect (random effects): Z = 2.90
Acupuncture rug Weight Weight  Mean Difference
Study Mean SD Total O%8 Totat {common) random) ¥ Fixed + Random, 85% 1
Jie Zheng-2018 00 105000 30 14403 121700 30 -400(-9.84, 184]
Peiyuan Hao-2009 15040145100 50 1980 94200 B0 0% 220 104011651 420
Lii Dou-2018 14053 74900 10013974 64500 100  692%  292%  079[-1.5, 273
Jinfen Shao-2021 135.15 108900 50 14233 95200 50  162%  26.1%  -7AB[-11.19,
Total (common effect, 95% CI) 210 210 100.0% - -1.64[-3.25,-0.03]
Towl 1 (random effect, 95% CI) - 1000%  -4.85[-1039, 0. ss]
Heterogenety: Tau? = 26,434, Ch = 21.00,
Tost o overa et (conmn ofect 2
Test for overal effect random sffects): 2
Auspncsite Drug Woight  Moan Diffore:
Total Mean SD Total 1cnmmon; (random) IV, Fixed + Random, 86% CI
g-2018 747 04700 |30 0560 78700 30 1z ez Aer( 765 52)
Peiysan 0. 2009 7507 5900 30 @80 105000 0 7o 19e%  -573(-109% 058
Lili Dou-2018 8347 75500 100 8679 86200 100  373% 27.8%  168[-057, 393
Jinfen Shao-2021 835354900 508790 53700 50  415% 281%  -4.37(-650,-224]
Total (common efet 96% 1) 210 210 1000% - -133[-270, 0.0]
otal (random effoct, 96% C1) == 100.0%  -1.45[-5.36, 2.45]

gnemy Tau? = 12.896; Chi2 = 20.47, df =3 (P < .01); ¥ =
Yesl froveral et common ot 2=10 P~ 06)
overall effect (random 47)

Risk Ratio
MH, Fixed + Random, 96% CI

Mean Difference
IV, Fixed + Random, 95% CI

Moan Difforonce
d + Random, 96% CI
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Author Participants Mean age Intervention® Duration | Frequency Acupuncture Outcome® Acupuncture points Drug for the trials

(year) methods
Treatment | Control | Treatment | Control Treatment Control
Zheng et al. Twice a week DU20, RN12, RN6, LI11, ST36, Nifedipine
(16) SP6, LR3, GB20, PC6, BLIS, controlled release
BL17, BL23 tablets

Hao et al. (17) 60 6457 6477 | AC ACEI 1 weeks | Once a week Yes 1”2 LR3 - Captopril tablets

Dou (18) 200 66.79 65.79 AC Drug 12 weeks | Three times a Yes 12 LR3, LI11, HT7, DU20, L4, - Common drug for
week ST36, SP6 anti-hypertension

Shao (19) 100 7211 74.13 AC+AP Drug 12 weeks | Three or four Yes wm GB20, LI11, DU14, ST36, LR3, | - Common drug
times a week PC6, L14, DU20, EX-HN5, SP6

Liu C and Lin 60 78.64 7862 |AC+AP+ | Angll 8 weeks | Once every two | Yes 1”2 ST36, DU20, HT7, LI11, LR3, LI4 | Irbesartan Irbesartan

Y (20) Angll days

Jin (21) 124 7324 7136 |AC+AP+ | Dmg 10 weeks | Three timesa | Yes 12 SP6, DU20, ST36, LI11, GB20, | Common drug | Common drug

Drug week LR3, HT7, Li4

Zhao (22) 180 7003 6968 | AC+CA ca 12weeks | Once every two | Yes 2 Li4 Amlodipine Amlodipine
days besylate tablets | besylate tablets

Che (23) 110 624 619 | AC+Angll | Angll 4 weeks | Once a week Yes 1273 ST9, L4, LR3, LI11, ST36, | Irbesartan Irbesartan

Hu et al. (24) 60 77.80 77.10 AC+CA CA 3 weeks Once a day for Yes wm DU20, GB20, LI11, SP6 Amlodipine Amlodipine
three weeks

Li et al. (25) 104 67.00 6700 | AC+ACEI | ACEI 12 weeks | Five times a week | Yes 1 L4, DU20, KI3, LR3, SP6, LI11 | Enalapril maleate | Enalapril maleate

tablets tablets

Ye (26) 236 6180 6035 |AC+Drug | Drug 10 weeks | Three timesa | Yes 1 GB20, LI11, SP6, L14, LR3, ST36, | Common drug | Common drug
week DU20, HT7

Huang J and 80 7182 7226 | AC+CA ca 4 weeks | Six times a week | Yes 123 ST37, ST40 Nifedipine Nifedipine delayed-

Huang X (27) delayed-release | release tablets

tablets

*AC, acupuncture; CA, calcium antagonists; Drug, only drug mentioned; ACEI, ACE inhibitor; Angll, angiotensin Il; AP, auricular pressure.
by SBP/DBP value before/after treatment: 2. response rate of treatment: 3, adverse reactions.
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homocysteine

Biosynthesis Reactome €01079; C14818 27 (33) 0.003 0.013
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Peroxisomal lipid metabolism Reactome C14818; C03017 35(59) 0.005 0.014

Metabolism of porphyrins Reactome C01079; C14818 36 (42) 0.006 0.014

DNA Repair Reactome C14818; C00153 37(51) 0.006 0.014

Cell Cycle Reactome C14818; C00153 38 (43) 0.006 0.014

Metabolism of nucleotides Reactome C14818; C00460; 128 (148) 0.007 0.015
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Interconversion of nucleotide Reactome €00415; C00460 46 (50) 0.009 0.016
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Sulfur amino acid metabolism Reactome C14818; C00957 46 (57) 0.009 0.016
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inese

English name

atin name

Number of studies (%)

Danshen Danshen Root Salvia miltiorrhiza Bunge 13 (48.15%)
Huanggi Milkvetch Root Astragalus mongholicus Bunge 13 (48.15%)
Dihuang Rehmannia Root Rehmannia glutinosa (Gaertn.) DC. 11 (40.74%)
Shuizhi Leech Hirudo 9 (33.33%)
Chishao Red Peony Root Paeonia lactiflora Pall 7 (25.93%)
Chuanxiong Szechwan Lovage Rhizome Ligusticum striatum DC. 7 (25.93%)
Dilong Earthworm Pheretima 7 (25.93%)
Gegen Thomson Kudzuvine Root Pueraria montana var. thomsonii (Benth.) M.R Almeida 6(22.22%)
Honghua Safflower Carthamus tinctorius L 6 (22.22%)
Zexie Oriental Water Plantain Rhizome Alisma plantago-aquatica L 6 (22.22%)
Chenpi Dried Tangerine Peel Citrus x aurantium L 5 (18.52%)
Danggui Radix Angelicae Sinensis Angelica sinensis (Oliv.) Diels 5 (18.52%)
Gancao Liquorice Root Glycyrrhiza glabra L 5 (18.52%)
Mudanpi Tree Peony Bark Paconia x suffruticosa Andrews 5 (18.52%)
Quanxie Scorpion Scorpio 5 (18.52%)
Renshen Ginseng Panax ginseng C.A.Mey 5 (18.52%)
Sangi Pseudo-ginseng Panax notoginseng (Burkill) F.H.Chen 5 (18.52%)
Shanyao Common Yam Rhizome Dioscorea oppositifolia L 5 (18.52%)
Shanzhuyu Asiatic Cornelian Cherry Fruit Cornus officinalis Siebold & Zuce 5 (18.52%)
Suanzaoren Spine Date Seed Ziziphus jujuba Mill 5 (18.52%)
Taizishen Heterophylly Falsestarwort Root Pseudostellaria heterophylla (Miq.) Pax 5 (18.52%)
Tusizi Dodder Seed Cuscuta chinensis Lam 5 (18.52%)
Shanzha Hawthorn Fruit Crataegus monogyna Jacq 5 (18.52%)
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Number and severity reported in the Number and severity reported in the

treatment group control group
Gastrointestinal discomfort 22 mild 15 mild
Skin itching [ 5 mild 2 mild
Dizziness and headache 3 mild 5 mild
Abnormal liver function [ 3 mild 6 mild
Nausea and vomiting 3 mild 3 mild
Diarrhea 2 mild 1 mild
Abnormal renal function 2 mild 1 mild
Hypoglycemia reaction 2 mild 4 mild
Fatigue 1 mild 0
Abdominal distension 1 mild 0
Anorexia 0 1 mild
Alladverse events reported in treatment or control 44 mild 38 mild
group.
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Prescription name

Xiaoke Huayu capsule

Huatan Tongluo decoction

Qinghua Xiaoyu decoction

Qimai Shenlian powder

Danhi Jiangtang capsule

Tongluo Jiedu decoction

Zishui Tongmai decoction

Bushen Yigi Huoxue decoction

Jinchai Xiaoke capsule

Luomaitong granule

Tongxinluo capsle

Tongxinluo capsle

Danzhi Jiangtang capsule

Jianpi Tongmai decoction

Modified Simiao Yongan
decoction

Tongxinluo capsule

Danzhi Jiangtang capsule

Jianpi Xiaozhi decoction

Hawthorn formula granule

Yishen Huoxue Huatan
decoction

Jiawei Zicui Tongmai
decoction

Modified Taohong Siwu
decoction

Tongmai Yuban pill

Notoginseng powder

Yudan Shengui capsule

Modified Yuye decoction

Furong Tongmai decoction

Figwort Root (Xuanshen, Scrophularia ningpoensis Hemsl) 15 g, Dwarf Lilyturf Tuber (Maidong,
Ophiopogon japonicus (Thunb.) Ker Gawl.) 10g, Chinese Magnoliavine Fruit (Wuweizi, Schisandra
chinensis (Turcz.) Baill 10g, Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) 30 g,
Scorpion (Quansie, Scorpio) 6g, Hawthor Fruit (Shanzha, Crataegus pinnatifida Bunge) 15 g,
Earthworm (Dilong, Pheretima) 10 g, Twotoothed Achyranthes Root (Niuxi, Achyranthes bidentata
Blume) 20 g, Danshen Root (Danshen, Salvia miltiorrhiza Bunge) 30 g and Safflower (Honghua,
Carthamus tinctorius L) 10 g

Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) 20 g, Hawthorn Fruit (Shanzha,
Crataegus pinnatifida Bunge) 20 g, Szechwan Lovage Rhizome (Chuansiong, Ligusticum striatum
DC) 10 g, Rhizoma Curcumae (Ezhu, Curcuma aromatica Salisb.) 10g, Virgate Wormwood Herb
(Yinchen, Artemisia capillaris Thunb.) 15g, Danshen Root (Danshen, Salvia miltiorrhiza Bunge) 15g,
Coix Seed (Yiyiren, Coix lacryma-jobi L.) 30 g and Liquorice Root (Gancao, Glycyrrhiza glabra L)
5.g. If numbness and pain of limbs was identified, Frankincense (Ruxiang, Boswellia sacra Fliick)
10 gand Common Clubmoss Herb (Shenjincao, Lycopodium japonicum Thunb.) 20 g were added. If
yellow greasy coating was identified, Chinese Cork-tree (Huangbai, Phellodendron amurense Rupr.)
10 g and Herba Plantaginis (Chegiancao, Plantago asiatica L.) 15 g were added. If emotional disorder
was identified, Chinese Thorowax Root (Chaihu, Bupleurum falcatum L.) 10 g and White Pacony
Root (Baishao, Paconia lactiflora Pall) 15 g were added

Milkvetch Root (Huangg, Astragalus mongholicus Bunge) 20 g, Tangshen (Dangshen, Codonopsis
pilosula (Franch.) Nannf) 15 g Hawthorn Fruit (Shanzha, Crataegus pinnatifida Bunge) 10 g, Baical
Skullcap Root (Huanggin, Scutellaria baicalensis Georgi) 10 g Purslane Herb (Machixian, Portulaca
oleracea L) 15 g Giant Knotweed Rhizome (Huzhang, Reynoutria japonica Houtt) 10 g,
Fleeceflower Root (Heshouwu, Reynoutria multiflora (Thunb.) Moldenke) 15 g, Oriental Water
Plantain Rhizome (Zexie, Alisma plantago-aquatica L.) 10 g, Sweet Wormwood Herb (Qinghao,
Artemisia annua L) 10 g, Rhubarb (Dahuang, Rheum palmatum L) 5 g, Danshen Root (Danshen,
Salvia miltiorrhiza Bunge) 8 g and Largehead Atractylodes Rh (Baizhu, Atractylodes macrocephala
Koidz) 10 g

Milkvetch Root (Huanggi, Astragalus mongholicus Bunge), Dwarf Lilyturf Tuber (Maidong,
Ophiopogon japonicus (Thunb.) Ker Gawl), Danshen Root (Danshen, Salvia miltiorrhiza Bunge),
Rhizoma Coptidis (Huanglian, Coptis chinensis Franch.), Honeysuckle Flower (Jinyinhua, Lonicera
Jjaponica Thunb.) and Pseudo-ginseng (Sanqi, Panax notoginseng (Burkill) F.H.Chen). Proportion:
10: 10: 10: 3: 10: 1

Heterophylly Falsestarwort Root (Taizishen, Pseudostellaria heterophylla (Miq,) Pax), Rehmannia
Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC), Tree Peony Bark (Mudanpi, Paconia x
suffruticosa Andrews), Dodder Seed (Tusizi, Cuscuta chinensis Lam.), Oriental Water Plantain
Rhizome (Zexie, Alisma plantago-aquatica L) and Leech (Shuizhi, Hirudo)

Milkvetch Root (Huanggj, Astragalus mongholicus Bunge), Rehmannia Root (Dihuang, Rehmannia
glutinosa (Gaertn.) DC.), Danshen Root (Danshen, Salvia miltiorrhiza Bunge), Thomson Kudzuvine
Root (Gegen, Pueraria montana var. thomsonii (Benth.) M.R. Almeida), Rhizoma Coptidis
(Huanglian, Coptis chinensis Franch.) and Honeysuckle Flower (Jinyinhua, Lonicera japonica
Thunb.).

Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) 30 g, Danshen Root (Danshen, Salvia
miltiorrhiza Bunge) 15 g, Radix Angelicae Sinensis (Danggui, Angelica sinensis (Oliv.) Diels) 15 g,
Fructus Mori (Sangshen, Morus alba L) 15 g, Earthworm (Dilong, Pheretima) 9g, Tea Tree Root
(Chashugen, Camellia sinensis L) Kuntze) 10 g, Grassleaf Sweetflag Rhizome (Shichangpu, Acorus
gramineus Aiton) 9 g, Oriental Water Plantain Rhizome (Zexie, Alisma plantago-aquatica L) 9.g,
‘Thomson Kudzuvine Root (Gegen, Pueraria montana var. thomsonii (Benth.) M.R.Almeida) 12 g
and Common Anemarrhena Rhizome (Zhimu, Anemarrhena asphodeloides Bunge) 12 g

Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn) DC) 30 g, Ginseng (Renshen, Panax
ginseng C.AMey.) 10g, Milkvetch Root (Huanggj, Astragalus mongholicus Bunge) 30 g, Asiatic
Cornelian Cherry Fruit (Shanzhuyu, Comus officinalis Siebold & Zucc.) 15 g Common Yam
Rhizome (Shanyao, Dioscorea oppositifolia L.) 30 g, Dodder Seed (Tusizi, Cuscuta chinensis Lam.)
15 g, Danshen Root (Danshen, Salvia miltiorrhiza Bunge) 18 g, Safflower (Honghua, Carthamus
tinctorius L) 12 g, Thomson Kudzuvine Root (Gegen, Pueraria montana var. thomsonii (Benth.)
M.RAlmeida) 30 g and Chinese Magnoliavine Fruit (Wuweizi, Schisandra chinensis (Turcz.)
Baill) 10 g

Chinese Thorowax Root (Chaihu, Bupleurum falcatum L.), White Pacony Root (Baishao, Paconia
lactiflora Pall)), Turmeric Root Tuber (Yujin, Curcuma longa L), Lychee Seed (Lizhihe, Litchi
chinensis Sonn.) and Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC.).

Chinese Taxillus Herb (Sangjisheng, Taxillus chinensis (DC.) Danser), Fleeceflower Root
(Heshouwu, Reynoutria multiflora (Thunb.) Moldenke), Asiatic Cornelian Cherry Fruit (Shanzhuyu,
Cornus officinalis Siebold & Zucc.), Ramulus Euonymi Alati (Guijianyu, Euonymus alatus (Thunb.)
Sieb.), Turmeric (Jianghuang, Curcuma longa L.), Leech (Shuizhi, Hirudo), Stiff Silkworm (Jiangcan,
Batryticatus Bombyx), Danshen Root (Danshen, Salvia miltiorrhiza Bunge) and Pseudo-ginseng
(Sangj, Panax notoginseng (Burkill) F.H.Chen)

Ginseng (Renshen, Panax ginseng C.A.Mey.), Leech (Shuizhi, Hirudo), Scorpion (Quanxie, Scorpio),
Red Peony Root (Chishao, Paconia lactiflora Pall.), Cicada Slough (Chantui, Cicadae Periostracum),
Ground Beetle (Tubiechong, Eupolyphaga Seu Steleophaga), Centipede (Wugong, Scolopendra),
Sandalwood (Tanxiang, Santalum album L), Rosewood (Jiangxiang, Dalbergia odorifera T.C.Chen),
Frankincense (Ruxiang, Boswellia sacra Fliick.), Spine Date Seed (Suanzaoren, Ziziphus jujuba Mill.)
and Borneol (Bingpian, Dryobalanops aromatica Gaertn.f)).

Ginseng (Renshen, Panax ginseng C.A.Mey.), Leech (Shuizhi, Hirudo), Scorpion (Quanxie, Scorpio),
Red Peony Root (Chishao, Paconia lactiflora Pall.), Cicada Slough (Chantui, Cicadae Periostracum),
Ground Beetle (Tubiechong, Eupolyphaga Seu Steleophaga), Centipede (Wugong, Scolopendra),
Sandalwood (Tanxiang, Santalum album L), Rosewood (Jiangxiang, Dalbergia odorifera T.C.Chen),
Frankincense (Ruxiang, Boswellia sacra Fliick.), Spine Date Seed (Suanzaoren, Ziziphus jujuba Mill)
and Borneol (Bingpian, Dryobalanops aromatica Gaertn.f)).

Heterophylly Falsestarwort Root (Taizishen, Pseudostellaria heterophylla (Mig.) Pax), Rehmannia
Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC.), Tree Peony Bark (Mudanpi, Paconia x
suffruticosa Andrews), Dodder Seed (Tusizi, Cuscuta chinensis Lam.), Oriental Water Plantain
Rhizome (Zexie, Alisma plantago-aquatica L.) and Leech (Shuizhi, Hirudo)

Milkvetch Root (Huanggi, Astragalus mongholicus Bunge), Solomonseal Rhizome (Huangjing, Vitex
negundo L), Common Yam Rhizome (Shanyao, Dioscorea oppositifolia L), Dendrobium (Shihu,
Dendrobium nobile LindL.), Dried Tangerine Peel (Chenpi, Citrus x aurantium L), Pinellia Tuber
(Banxia, Pinellia ternata (Thunb.) Makino), Oriental Water Plantain Rhizome (Zexie, Alisma
plantago-aquatica L), Thomson Kudzuvine Root (Gegen, Pueraria montana var. thomsonii (Benth.)
M.R Almeida), Villous Amomum Fruit (Sharen, Wurfbainia villosa (Lour.) Skornick. & A.D.Poulsen)
and Pseudo-ginseng (Sangi, Panax notoginseng (Burkill) F.H.Chen)

Honeysuckle Flower (Jinyinhua, Lonicera japonica Thunb.) 30 g, Figwort Root (Xuanshen,
Scrophularia ningpoensis Hemsl.) 9 g, Radix Angelicae Sinensis (Danggui, Angelica sinensis (Oliv.)
Diels) 15 g and Liquorice Root (Gancao, Glycyrrhiza glabra L) 6 g. If qi deficiency was identified,
Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) 15 g and Tangshen (Dangshen,
Codonopsis pilosula (Franch.) Nannf) 15 g were added. If phlegm turbidity was identified, Dried
Tangerine Peel (Chenpi, Citrus x aurantium L) 6 g Indian Bread (Fuling, Poria cocos (Schw.) Wolf)
12 g and Grassleaf Sweetflag Rhizome (Shichangpu, Acorus gramineus Aiton) 12 g were added. If qi
stagnation was identified, Nutgrass Galingale Rhizome (Xiangfu, Cyperus rotundus L)) 12 g and
Rhizoma Corydalis (Yanhusuo, Corydalis yanhusuo (Y.H.Chou & Chun C.Hsu) W.T.Wang ex
ZY.Su & C.Y.Wu) 15 g were added. If yin deficiency was identified, Solomonseal Rhizome
(Huangjing, Vitex negundo L.) 15 g and Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn.)
DC,) 12 g were added. If blood stasis was identified, Szechwan Lovage Rhizome (Chuanxiong,
Ligusticum striatum DC.) 12g, Red Peony Root (Chishao, Paeonia lactiflora Pall.) 30 g and Danshen
Root (Danshen, Salvia miltiorrhiza Bunge) 30 g were added

Ginseng (Renshen, Panax ginseng C.A.Mey.), Leech (Shuizhi, Hirudo), Scorpion (Quanxie, Scorpio),
Red Peony Root (Chishao, Paconia lactiflora Pall.), Cicada Slough (Chantui, Cicadae Periostracum),
Ground Beetle (Tubiechong, Eupolyphaga Seu Steleophaga), Centipede (Wugong, Scolopendra),
Sandalwood (Tanxiang, Santalum album L), Rosewood (Jiangxiang, Dalbergia odorifera T.C.Chen),
Frankincense (Ruxiang, Boswellia sacra Fliick.), Spine Date Seed (Suanzaoren, Ziziphus jujuba Mill)
and Borneol (Bingpian, Dryobalanops aromatica Gaertn.f)).

Heterophylly Falsestarwort Root (Taizishen, Pseudostellaria heterophylla (Miq.) Pax), Rehmannia
Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC), Tree Peony Bark (Mudanpi, Paconia x
suffruticosa Andrews), Dodder Seed (Tusizi, Cuscuta chinensis Lam.), Oriental Water Plantain
Rhizome (Zexie, Alisma plantago-aquatica L.) and Leech (Shuizhi, Hirudo)

Heterophylly Falsestarwort Root (Taizishen, Pseudostellaria heterophylla (Mig.) Pax) 12 g, Barbary
Wolfberry Fruit (Gougizi, Lycium barbarum L.) 15 g, Pinellia Tuber (Banxia, Pinellia ternata
(Thunb.) Makino) 12 g, Bamboo Shavings (Zhuru, Bambusa tuldoides Munro) 12 g, Safflower
(Honghua, Carthamus tinctorius L) 9g, Earthworm (Dilong, Pheretima) 9 g, Szechwan Lovage
Rhizome (Chuanxiong, Ligusticum striatum DC.) 9g, Dried Tangerine Peel (Chenpi, Citrus x
aurantium L.) 6g, Largehead Atractylodes Rh (Baizhu, Atractylodes macrocephala Koidz.) 20 g,
Cassia Seed (Juemingzi, Senna tora (L.) Roxb.) 9 g and Medicated Leaven (Shenqu, Massa Medicata
Fermentata) 9 g

Hawthorn Fruit (Shanzha, Crataegus monogyna Jacq).

Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn.) DC.) 20 g, Barbary Wolfberry Fruit
(Gougizi, Lycium barbarum L.) 15 g, Asiatic Cornelian Cherry Fruit (Shanzhuyu, Cornus officinalis
Siebold & Zucc.) 12 g, Dodder Seed (Tusizi, Cuscuta chinensis Lam.) 12 g, Common Yam Rhizome
(Shanyao, Dioscorea oppositifolia L) 12 g, Red Peony Root (Chishao, Paconia lactiflora Pall) 15 g,
Twotoothed Achyranthes Root (Niuxi, Achyranthes bidentata Blume) 15 g, Tree Peony Bark
(Mudanpi, Paconia x suffruticosa Andrews) 9g, Dried Tangerine Peel (Chenpi, Citrus x aurantium
L) 6 g and Pinellia Tuber (Banxia, Pinellia ternata (Thunb.) Makino) 9 g

Rehmannia Root (Dihuang, Rehmannia glutinosa (Gaertn) DC) 20 g, Asiatic Cornelian Cherry
Fruit (Shanzhuyu, Cornus officinalis Siebold & Zucc) 15 g Solomonseal Rhizome (Huangjing, Vitex
negundo L) 20 g, Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) 30 g, Common Yam
Rhizome (Shanyao, Dioscorea oppositifolia L) 20g, Snakegourd Fruit (Gualou, Trichosanthes
kirilowii Maxim.) 10 g, Stiff Silkworm (Jiangcan, Batryticatus Bombyx) 10 g, Danshen Root
(Danshen, Salvia miltiorrhiza Bunge) 15 g Ramulus Euonymi Alati (Guijianyu, Euonymus alatus
(Thunb.) Sieb.) 10g, Cattail Pollen (Puhuang, Typha angustifolia L) 8g, Earthworm (Dilong,
Pheretima) 6g, Rhizoma Coptidis (Huanglian, Coptis chinensis Franch.) 6 g and Liquorice Root
(Gancao, Glycyrrhiza glabra L) 6 g

Peach Seed (Taoren, Prunus persica L) Batsch) 15g, Rehmannia Root (Dihuang, Rehmannia
glutinosa (Gaertn.) DC) 15 g, Danshen Root (Danshen, Salvia miltiorrhiza Bunge) 15g, Radix
Angelicae Sinensis (Danggui, Angelica sinensis (Oliv.) Diels) 10 g, Red Peony Root (Chishao, Paconia
lactiflora Pall)) 10g, Szechwan Lovage Rhizome (Chuanxiong, Ligusticum striatum DC.) 10 g,
Safflower (Honghua, Carthamus tinctorius L.) 10 g, Tree Peony Bark (Mudanpi, Paconia x
suffruticosa Andrews) 10 g and Immature Orange Fruit (Zhishi, Citrus aurantium L) 10 g

Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) 60g, Szechwan Lovage Rhizome
(Chuanxiong, Ligusticum striatum DC.) 15g, Red Peony Root (Chishao, Paconia lactiflora Pall.) 30g,
Danshen Root (Danshen, Salvia miltiorrhiza Bunge) 30 g Snakegourd Fruit (Gualou, Trichosanthes
kirilowii Maxim.) 30 g, Longstamen Onion Bulb (Xiebai, Allium chinense G.Don) 15, Pinellia Tuber
(Banxia, Pinellia ternata (Thunb.) Makino) 15g, Radix Angelicae Sinensis (Danggui, Angelica sinensi
(Oliv.) Diels) 30g, Safflower (Honghua, Carthamus tinctorius L.) 10g, Turmeric Root Tuber (Yujin,
Curcuma longa L) 10g, Hawthorn Fruit (Shanzha, Crataegus monogyna Jacq.) 30g, Leech (Shuizhi,
Hirudo) 15g, Earthworm (Dilong, Pheretima) 20g, Giant Knotweed Rhizome (Huzhang, Reynoutria
japonica Houtt.) 30 gand Ramulus Euonymi Alati (Guijianyu, Euonymus alatus (Thunb.) Sieb.) 15 g

Pseudo-ginseng (Sanqi, Panax notoginseng (Burkill) F.H.Chen)

Ginseng (Renshen, Panax ginseng C.A.Mey.), Szechwan Lovage Rhizome (Chuanxiong, Ligusticum
striatum DC.) and Cassia Twig (Guizhi, Neolitsea cassia L) Kosterm.),

Common Yam Rhizome (Shanyao, Dioscorea oppositifolia L.) 20g, Heterophylly Falsestarwort Root
(Taizishen, Pseudostellaria heterophylla (Mig.) Pax) 20g, Danshen Root (Danshen, Salvia
miltiorrhiza Bunge) 20g, Snakegourd Root (Tianhuafen, Trichosanthes kirilowii Maxim.) 20g,
Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) 30g, Common Anemarrhena Rhizome
(Zhimu, Anemarrhena asphodeloides Bunge) 10g, Thomson Kudzuvine Root (Gegen, Pueraria
montana var. thomsonii (Benth.) M.R Almeida) 10g, Chinese Magnoliavine Fruit (Wuweizi,
Schisandra chinensis (Turcz.) Baill) 10g, Chickens Gizzard-membrane (Jineijin, Gallus gallus
domesticus Brisson) 10g, Szechwan Lovage Rhizome (Chuanxiong, Ligusticum striatum DC.) 10g,
Dried Tangerine Peel (Chenpi, Citrus x aurantium L.) 10g, Red Rice (Hongqu, Monascus purpureus
Went) 5g, Liquorice Root (Gancao, Glycyrrhiza glabra L) 5 g and Pseudo-ginseng (Sangi, Panax
notoginseng (Burkill) F.H.Chen) 3 g. If vexing heat in the chest, palms and soles was identified, Dwarf
Lilyturf Tuber (Maidong, Ophiopogon japonicus (Thunb.) Ker Gawl) 10 g and Rehmannia Root
(Dihuang, Rehmannia glutinosa (Gaertn.) DC.) 10 g were added. If phlegm turbidity obstructing the
spleen was identified, Rhizoma Atractylodis (Cangzhu, Atractylodes lancea (Thunb.) DC.) 10 g and
Largehead Atractylodes Rh (Baizhu, Atractylodes macrocephala Koidz) 10 g were added. If chest
oppression and stabbing pain were identified, Safflower (Honghua, Carthamus tinctorius L) 10 gand
Earthworm (Dilong, Pheretima) 10 g were added. If palpitations and insomnia were identified,
Chinese Arborvitae Kemel (Baiziren, Platycladus orientalis L) Franco) 10 g and Spine Date Seed
(Suanzaoren, Ziziphus jujuba Mill) 10 g were added. If qi-deficiency sweatiness was identified, the
doses of Heterophylly Falsestarwort Root (Taizishen, Pseudostellaria heterophylla (Mig.) Pax) and
Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) were increased. If tidal fever and night
sweating were identified, Drgonsbones (Longgu, Apatite) 10 g and Oyster Shell (Shengmuli, Ostreae
Concha) 10 g were added. If frequent urination was identified, Asiatic Cornelian Cherry Fruit
(Shanzhuyu, Cornus officinalis Siebold & Zucc.) 10 g and Rehmannia Root (Dihuang, Rehmannia
glutinosa (Gaertn.) DC) 10 g were added

Prepared Common Monkshood Daughter Root (Fuzi, Raphanus raphanistrum subsp. sativus L)
Domin) 7g, Leech (Shuizhi, Hirudo) 10g, Earthworm (Dilong, Pheretima) 15g, Scorpion (Quanxie,
Scorpio) 3g, Milkvetch Root (Huanggi, Astragalus mongholicus Bunge) 20g, Radix Angelicae Sinensis
(Danggui, Angelica sinensis (Oliv.) Diels) 15g, Figwort Root (Xuanshen, Scrophularia ningpoensis
Hemsl) 20g, Thomson Kudzuvine Root (Gegen, Pueraria montana var. thomsonii (Benth.)
M.RAlmeida) 20g, Tuber Fleeceflower Stem (Shouwuteng, Reynoutria multiflora (Thunb.)
Moldenke) 20g, Twotoothed Achyranthes Root (Niuxi, Achyranthes bidentata Blume) 15g,
Chuanlong Yam (Chuanshanlong, Dioscorea nipponica Makino) 15 g and Liquorice Root (Gancao,
Glycyrrhiza glabra L) 10 g. If insomnia was identified, Thinleaf Milkwort Root (Yuanzhi, Polygala
tenuifolia Willd) 10g, Spine Date Seed (Suanzaoren, Ziziphus jujuba Mill.) 15 g and Silktree Albizia
Bark (Hehuanpi, Albizia julibrissin Durazz) 20 g were added. If fear of cold and cold limbs were
identified, Cassia Twig (Guizhi, Neolitsea cassia L) Kosterm.) 10 g was added. If poor blood pressure
control was identified, Tall Gastrodia Tuber (Tianma, Gastrodia elata Blume) 10g, Gambir Plant
(Gouteng, Uncaria rhynchophylla (Miq.) Mig.) 20 g and Abalone Shell (Shijueming, Haliotidis
Concha) 15 g were added. If dizziness was identified, Tall Gastrodia Tuber (Tianma, Gastrodia clata
Blume) 10 g and Chrysanthemum Flower (Juhua, Chrysanthemum x morifolium (Ramat) Hemsl)
15 g were added
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First author

(year)

Zhou et al. (2011)

Sun and Fan

Deng et al. (2012)

Shao (2012)

Fang et al. (2013)

Study design
Study period
Sample size
(randomized/
analyzed) (E/C)

Gender (M/F)
(EIC)

Average age
(years) (EIC)

Course of disease
(years) (E/C)

BMI

Treatment
duration

Co-intervention

Treatment group.
interventions

(2011)
RCT RCT
2008.3-2009.12 2007.3-2009.5

62/62; 33129

58/58; 30/28

16/17; 15/14 37121
69.4 + 6.5 69.7 + 6.0 604 + 46
13.0 £ 5.5 130 + 60 4-16
252+26;248 £ 28 24602

8 weeks 12 weeks
NR NR

Xiaoke Huayu capsule,
6 capsules/per, tid + CG

Huatan Tongluo
decoction, 1 dose/per
day, bid + CG

RCT

2009.7-2011.6

60/60; 30/30

RCT
2010.8-20113

50/50; 25/25

RCT
2011.3-2011.12

196/179; 92/87

18/12; 17/13 16/9; 15/10 58/40; 56/42
60-89; 61-90 35-70/35-70 57.56 + 9.89; 58.24 + 1043
NR 674 + 4.67; 7.1 + 820
NR NR NR
4 weeks 12 months 12 months
NR Diabetes health education + Diet and exercise intervention

Qinghua Xiaoyu

decoction, 1 dose/per

day, 200 mL/per, bid
+CG

Diet and exercise intervention

Qimai Shenlian powder, 3 g/
per, tid + CG

Danzhi Jiangtang capsule, 9 g qn
+CG

Control group
interventions

Hypoglycemic drugs +
Hypolipidemic drugs +
Antihypertensive drugs +
Antiplatelet aggregation drugs

Insulin subcutaneous
injection or oral
hypoglycemic drugs +
Simvastatin 20 mg qd

Hypoglycemic drugs +
Hypolipidemic drugs

Hypoglycemic drugs +
Hypolipidemic drugs +
Antihypertensive drugs

Hypoglycemic drugs +
Atorvastatin 20 mg qn

Outcome index 000 [elelololo] [elelololelolo) ® [elelelelolelol:]
Baseline NSD NSD NSD NSD NSD
difference
Comorbidity NR NR NR NR NR
Adverse events NR NR NR No obvious discomfort was | Treatment group: 8 gastrointestinal
found after taking medicine. | reaction, 1 fatigue; Control group:
No abnormality was found in | 1 headache, 4 gastrointestinal
safety indicators reaction. All adverse events were
mild and resolved after
symptomatic treatment
Country China China China China China
Funding NR NR Shenzhen Science and NR National TCM Clinical Research

Technology Plan
Project, No.200903215

Base Construction Project,
No.20081211. National Key
Discipline of TCM, No.20091221.
National Science and Technology
Support Program of the Ministry of
Science and Technology,

No.2012BA126B00
First author Li (2013) Wang (2013) Yang (2013) Zuo et al. (2013) Fu (2014)
(year)
Study design RCT RCT RCT RCT RCT
Study period 20114201210 2011.10-2012.11 NR 2010.1-2011.6 2013.4-2013.12
Sample size 50/50; 25/25 62/60; 30/30 64/61; 31/30 99/99; 50/49 50/50; 25/25
(randomized/
analyzed) (E/C)
Gender (M/F) 14115 13/12 20/10; 18/12 17/14; 16/14 32/18; 29120 147135 14/11

(E/C)

Average age
(years) (E/C)

Course of disease
(years) (E/C)

BMI

Treatment
duration

Co-intervention

6945+ 4.71;71.59 £ 559

7.7 £ 497,753 + 420

NR
8 weeks
Diabetes health

education + Diet and
exercise intervention

58.16  5.78; 56.61 + 542

1520 + 5.32; 1578 + 475

2540 & 2.65; 25,50 + 2.00

6 months.

Diet and exercise intervention

6348 + 9.78; 65.68 + 9.65

941 + 7.09; 10.28 + 8.34

24.09 £ 333; 24.08 + 3.04

6 months

Diabetes health education + Diet
intervention

Treatment group
interventions

Control group
interventions

5582+ 637 8113 £ 6.06;
79.57 + 8.07
NR NR
NR NR
12 months 8 weeks
Diabetes health education + NR
Diet and exercise intervention
Tongluo Jiedu decoction, Zishui Tongmai
1 dose/per day, 200 mL/per, | decoction, 100 mL/per,
bid + CG bid + CG

Hypoglycemic drugs

Simvastatin 40 mg qd +
Aspirin 100 mg qd +
Hypoglycemic drugs +

Bushen Yiqi Huoxue
decoction, 1 dose/per
day, 400 mL, bid + CG

Hypoglycemic drugs

Jinchai Xiaoke capsule,
5 capsules/per, tid + CG

Insulin subcutaneous injection
or oral hypoglycemic drugs. If
combined with

Luomaitong granule + CG

Insulin subcutaneous injection or

oral hypoglycemic drugs +
Atorvastatin 20 mg qn + Aspirin

Antihypertensive drugs hyperlipidemia, atorvastatin olgan
was given at 20 mg once a day
Outcome index [olelolelclelelela) [olelelolelelelo] [olelclelelelololelod Jolelclelo) [elololelelolelelele)
Baseline NSD NSD NSD NSD NSD
difference
Comorbidity NR Hypertension or Coronary heart disease, NR Hypertension
hyperlipidemia hypertension or
hyperlipidemia
Adverse events No obvious discomfort was | No obvious abnormality Treatment group: NR No obvious discomfort was found
found after taking medicine, | was found in safety 2 diarrhea; Control after taking medicine, and no
and no abnormality was found indicators afier group: 1 dizziness. Al of abnormality was found in vital
in safety indicators treatment. No adverse which resolved signs and safety indicators
reactions occurred spontancously without
treatment. No obvious
abnormality was found
in safety indicators
Country China China China China China
Funding NR Fund Project of Yueyang NR Xuzhou Science and NR

First author
(year)

Li et al. (2014)

Hospital of Integrated
Traditional Chinese and
Western Medicine,
No0.30304115248

Sun et al. (2015)

Technology Bureau Social
Development Project,
No.XF10C024

Lu et al. (2016)

Study design
Study period

Sample size
(randomized/
analyzed) (E/C)

Gender (M/F)
(E/C)

Average age
(years) (E/C)

RCT
2011.2-2013.9

240/240; 120/120

75/45; 6753

RCT
2013.4-2015.4
205/205; 103/102

57/46; 58/44

467 + 115458 £ 10.8

Luo (2015) Cong (2016)
RCT RCT
2012.8-20138 2014.10-2015.10

136/124; 64/60 60/60; 30/30

36/32; 38/30

5726 +5.00556.26 + 6.01

15/15; 11/19

57.77 + 1.29; 58.50 + 1.10

RCT

2014.3-2015.12

60/60; 30/30

18/12; 20110

79.13 + 7.65; 80.7 £ 6.11

Course of disease NR NR 7624215773 £215 | 7074 497,753 4420 1415 + 652 14.38 + 742
(years) (E/C)
BMI 265+ 248,262 £ 235 NR 235941622372 £ 150 NR NR
Treatment 6 months. 3 months 12 months 12 weeks 3 months.
duration
Co-intervention | Diet and exercise intervention Diet and exercise Diet and exercise Diabetes health education + NR

Treatment group
interventions

Control group
interventions

Tongxinluo capsule,
2 capsules/per, tid + CG

Insulin subcutaneous injection
or oral hypoglycemic drugs +

intervention
Tongxinluo capsule,

4 capsules/per, tid + CG

Insulin subcutancous
injection or oral

intervention

Danzhi Jiangtang
capsule, 3 capsules, tid
+CG

Metformin 0.5 g bid or
glimepiride 2 mg qd or

Diet and exercise intervention

Jianpi Tongmai decoction,
1 dose/day, 200mL/per, bid
+CG

Hypoglycemic drugs +
Simvastatin 20 mg qn

Modified Simiao Yongan
decoction + CG

Insulin subcutaneous injection or
oral hypoglycemic drugs +

Atorvastatin 20 mg qn hypoglycemic drugs + | gliclazide 30 mg qd + Hypolipidemic drugs
Rosuvastatin 20 mg qn | Atorvastatin 10 mg qn +
Placebo 3 capsules tid
Outcome index [elelololeleleloole) [elojelelolelolloagNolelolelelolololelo) [elelolelelalolo) [elelololole}
Baseline NSD NSD NSD NSD NSD
difference
Comorbidity NR NR NR NR NR
Adverse events | Treatment group: Treatment group: Treatment group: No adverse reactions occurred NR
8 gastrointestinal reaction, 3 nausea and vomiting, | 6 gastrointestinal during treatment, and no
3 abnormal liver function, 3 dizziness and reaction, 4 skin pruritus, | significant abnormality was
2 abnormal renal function; | headache, 1 skin itching; 2 hypoglycemia reactions | found in the safety indicators
Control group: Control group: 2 nausea | Control group:
7 gastrointestinal reaction, and vomiting, 4 gastrointestinal
2 abnormal liver function, 2 dizziness and reaction, 2 skin pruritus,
1 abnormal renal function. | headache. The incidence | 4 hypoglycemia reaction.
The incidence of adverse of adverse reactions in Abdominal distention
reactions in the two groups | the two groups was not | disappeared after
was not statistically significant | statistically significant g to take
medicine, hypoglycemia
reaction was relieved
after eating and the skin
itching disappeared
without intervention
Country China China China China China
Funding NR NR NR NR Jinhua TCM Science and
Technology Research Project, No.
2014-4-014
First author Lyu et al. (2016)  Shi and Lu (2016) Xu (2016) Yang et al. (2016b) Chen et al. Yang (2017)
(year) (2017)
Study design RCT RCT RCT RCT RCT RCT
Study period 2012.1-2014.12 2014.1-2015.1 2015.3-2015.11 2011.9-20149 20139-2016.9 2016.3-2017.3
Sample size 120/120; 60/60 62/60; 30/30 60/60; 30/30 152/152; 76/76 268/257; 124/133 60/60; 30/30
(randomized/
analyzed) (E/C)
Gender (M/F) 31/29; 32/28 15/16; 16/15 14/16; 15/15 450315 43/33 63169 65/71 19115 21/9
(E/C)
Average age 58.1£27;521£37 | 6414963851 49.40 £ 9.18; 506 £ 109 60.2 £ 93 645+ 128,638+ 136 57.07+749;
(years) (E/C) 53.53 £ 7.86 57.37 + 6,61
Course of disease NR 129 £63; 137 45 NR NR 106 +55 113 + 48 927 £ 455;
(years) (E/C) 9.67 £ 4.69
BMI 26325267 +26 NR NR NR NR NR
Treatment 6 months 24 weeks 6 months 6 months 12 weeks 3 months
duration
Co-intervention Diabetes health Diabetes health Diet and exercise Lifestyle intervention Diabetes health Diabetes health

education + Diet and
exercise intervention +

education + Diet and
exercise intervention

intervention

education + Diet and

education + Diet

exercise intervention intervention
Blood glucose
‘monitoring
Treatment group  Tongxinluo capsule, Danzhi Jiangtang Jianpi Xiaozhi Hawthorn formula granule, Yishen Huoxue Jiawei Zicui
interventions 2 capsules/per, tid + CG | capsule, 3 capsules/per, | decoction, 1 dose/ 1 package, qn + CG Huatan decoction, ‘Tongmai
tid + CG per day, 200 mL, bid 1 dose/per day, decoction, 1 dose/
+CG 400 mL, bid + CG per day, 200 mL,
bid + CG
Control group  Insulin subcutaneous | Hypoglycemic drugs | Hypoglycemic drugs Insulin subcutaneous Oral hypoglycemic Insulin or oral
interventions injection or oral (metformin or acarbose |+ Atorvastatin | injection, acarbose was added | drugs. Based on the hypoglycemic
hypoglycemic drugs + or glimepiride or 20 mg qd to patients with high condition, drugs were given to
Atorvastatin 20 mg qn gliclazide) + postprandial blood glucose +  hypolipidemic drugs, maintain
Atorvastatin Simvastatin 20 mg qn antiplatelet FBG<7 mmol/L
aggregation drugs, and
antihypertensive drugs | 2hPG<10 mmol/L
and other + Atorvastatin
symptomatic 10 mg qn
treatments were given
Outcome index lolololelolollol) [olelolelolole] [olelolelelol) joleololelelalo) [elejolelololele) [elejolele]
[elcle]
Baseline NSD NSD NSD NSD NSD NSD
difference
Comorbidity NR NR NR NR Hypertension, stable NR
coronary heart disease,
chronic gastritis,
lacunar cerebral
infarction or fatty liver
Adverse events NR NR There were no | After takingmedicine, theliver | Treatment group: | Treatment group:
adverse eventsinthe | and kidney functions were all 1 abdominal No significant
treatment within the normal range, and | distension and nausea. | abnormality was
group. Control there were no adverse Control group: found in vital signs
group: 1 diarrhea, reactions 2 abnormal liver and safety
1 anorexia. The function indicators. Control
symptoms were group: 2 mild
relieved after transaminase
stopping the drug elevation, no
special treatment
was given
Country China China China China China China
Funding NR NR NR NR NR NR
First author Bu et al. (2018) Fan et al. (2020) Guo (2020) Mao (2020) Jiao et al. (2021)  Wang et al.
(year) (2021¢)
Study design RCT RCT RCT RCT RCT RCT
Study period 2016.10-2017.7 2016.1-2018.8 2018.4-20193 2017.5-2018.5 2017.4-2019.4 2018.1-2019.12
Sample size 60/60; 30/30 70/67; 34133 60/60; 30/30 126/126; 63/63 98/98; 49/49 100/100; 50/50
(randomized/
analyzed) (E/C)
Gender (M/F) 18/12; 14/16 19/16; 17/18 19/11; 16/14 30/33; 29/34 28/21; 29/20 3119 33/17
(E/C)
Average age 4352+ 483 58+ 10.12; 57 £ 1023 63.76 + 12,02 454 £ 1003461 £ 109 6146 + 4.49 67.33 £ 7.29
(years) (E/C) 4378 + 426 63.10 + 11.62 6144 £ 451 66.52 733
Course of disease  9.47 + 1.62; 9.46 + 1.64 NR 9.36 + 2.90; NR 709+ 1437.11 £ 145 NR
(years) (E/C) 9.23 + 4.61
BMI NR NR 25.56 + 4.01; NR 26,09 £ 0.62; NR
2452 % 351 26.11 £ 0.64
Treatment 4 weeks 12 months 6 months 3 months 8 weeks 3 months
duration
Covintervention Diet intervention Diet and exercise Diabetes health  Diet and exercise intervention | Diet and exercise NR

Treatment group  Modified Taohong Siwu
interventions decoction, 200 mL, qd
+CG
Control group Insulin 10u qd
interventions  subcutaneous injection

Atorvastatin 10 mg qn +

intervention education + Diet
intervention
Tongmai Yuban pill, Notoginseng Yudan Shengui capsule,

10g/per, tid + CG

Aspirin 100 mg qd +

powder, 3 g qd

Insulin or oral
hypoglycemic drugs

4 capsules/per, tid + CG
+CG

Insulin or oral hypoglycemic
drugs + Rosuvastatin

or oral hypoglycemic Metformin 500 mg qd |+ Aspirin 100 mg 20 mg qd

drugs were given to qn + Atorvastatin

maintain FBG within 20 mg qn

4.0-7.0 mmol/L and

2hPG within
4.0-10.0 mmol/L
Outcome index [olelolo} [olelulc] [elojalelelelolo) [olelelolelo]
Baseline NSD NSD NSD NSD
difference
Comorbidity NR Hypertension or NR NR
coronary heart disease
Adverse events NR ‘There was no obvious During the ‘Treatment group: no obvious
abnormality in safety | treatment, the safety abnormality in safety
indicators in both groups  indicators were all  indicators. Control group:
after treatment within the normal 1 nausea and vomiting,
range, and the 1 dizziness and headache
patient had no
adverse reactions

Country China China China China
Funding NR Henan Province TCM NR NR

Scientific Research
Special Project,
No.20152Y02055

intervention

Modified Yuye
decoction, 1 dose/per

day, 300mL, bid + CG

Insulin or oral
hypoglycemic drugs +
Aspirin 100 mg qd. If

dyslipidemia,
atorvastatin was given
at 10 mg per day

[elelole)

NSD

Hypertension,
hyperlipidemia or
osteoporosis

NR

China

Shandong Province
Medical and Health
Science and
Technology

Development Project,

No.2015QZ008

Furong Tongmai
decoction, 1 dose/
per day, bid + CG

Hypoglycemic
drugs +

Antihypertensive
drugs +
Simvastatin
20 mg qd

[elelele]
NSD

Hypertension or
hyperlipidemia

NR

China

Subject of Hebei
Science and
Technology
Department,

No.17277786D

Abbreviations: RCT, randomized controlled trial; NR, not reported; CG: control group interventions; NSD, no significant difference; TCM, traditional Chinese medicine; Outcome index,
®CIMT; @ Crouse score; ®TC; @TG; ®LDL-C; ®HDL-C; ®FBG; ®2hPG; @HbAl; @®NO; ®ET-1; @PSV; ®R; @HOMA-IR; ®HOMA-B.
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0.765 (0.710-0.824)
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Cl, confidence interval; TP, total protein; HGB, hemoglobin; TG, triglyceride; GLU
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Predictor HF patients Normal nutrition Malnutrition P value

(n=433) (n = 367,84.8%)
62.09 +13.65 61.97 + 13.86 62.76 + 12.46

286 (66.1) 245 (66.8) 41 (62.1)
147 (339) 122 (33.2) 25 (37.9)

Sedentary
<6h 239 (55.2) 207 (56.4) 32 (485)
>6h 194 (44.8) 160 (43.6) 34 (515)
Etiology
Coronary heart disease 233 (53.8) 190 (51.8) 43 (65.2)
Dilated cardiomyopathy 74 (17.1) 69 (188) 5(76)
Other types of cardiomyopathies 126 (29.1) 108 (29.4) 18 (27.3)
ccr 238132 229127 289150
NHYA classification

116 (26.8) 103 (28.1) 13 (19.7)
206 (47.6) 175 (47.7) 31 (47)
111 (256) 89 (243) 22(333)

Type of admission
Outpatient 247 (57.0) 222 (60.5) 25 (37.9)
Emergency 186 (43.0) 145 (39.5) 41 (621)
Smoking history
No 242 (559) 210 (57.2) 32 (485)
Yes 191 (44.1) 157 (42.8) 34 (515)
Drinking history
No 268 (62.0) 227 (62.0) 41 (62.1)
164 (38.0) 139 (38.0) 25 (379)
2545+ 444 2555440 2486 +4.65
80.06 = 18.11 79.32+18.17 84221735
13.80 £2.13 1369+ 1.86 1440 2320
133.08 £24.33 13611 = 22.69 11624 26,40
156057 162+056 1242050
848530 7932432 1155839
64.66+6.07 6578551 5848 +534
392:1.12 395109 3772127
140078 143082 120045
101027 101026 093029
6.00=233 5832194 690372
14126+ 3.58 14148 £3.39 140.02 2339
59.06 + 1068 59.42+10.70 57.05+10.44
NT-proBNP 2,210.00 (951.25, 6,046.00) 1,990.00 (799.80, 4,820.00) 5,470.00(2,201.00, 13,800.00) —5368 <0001

HR, heart rate; NYHA, New York Heart association classification; BMI, body mass index; CCl, charlson comorbidity index; RDW, red blood cell distribution width; HGB,
hemoglobin; LYM, lymphocyte count; BUN, blood urea nitrogen; TP, total protein; CHO, cholesterol; TG, triglyceride; HDL, high density lipoprotein; GLU, glucose; NA,
sodium: LVEF, left ventricular ejection fraction.
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Variables Odds ratio 95% CI p-value

Univariate analysis

TWI-P 3.88 1.58-9.53 0.003
TWI-I 4.55 1.52-13.57 0.007
Ln PVC 0.84 0.70-0.99 0.04
Male 10.74 3.20-36.07 <0.001
Smoking 6.89 1.47-32.38 0.01
RV enlargement 6.59 2.55-17.08 <0.001
PAH 2.57 1.01-6.52 0.047
SDNN/10 0.72 0.60-0.87 0.001
SDANN/10 0.73 0.61-0.88 0.001
Multivariate analysis

SDNN/10 0.59 0.45-0.78 <0.001
Male 17.72 3.49-89.90 0.001
TWI-P 3.76 1.04-13.58 0.04
TWI-I 4.77 1.07-21.18 0.04

ACM, arrhythmogenic cardiomyopathy; CI, confidence interval; PAH, pulmonary artery
hypertension; PVC, premature ventricular complex; RV, right ventricular; SDANN,
standard deviation of the average NN intervals; SDNN, standard deviation of all NN
intervals; TWI-I, T wave inversion in inferior leads; TWI-P, T wave inversion in
precordial leads; VT, ventricular tachycardia.





OPS/images/fcvm-09-1047700/crossmark.jpg
(®) Check for updates





OPS/images/fcvm-09-1047700/fcvm-09-1047700-g001.gif
Myocardial Energy Metabolism 6






OPS/images/fcvm-09-1047700/fcvm-09-1047700-g002.gif





OPS/images/fcvm-09-1044797/fcvm-09-1044797-g004.jpg
ns

Non-sVT sVT

800 -

600 -

|

o

o

<t
(sSW)NNVAs

200 ; !

—

Non-sVT sVT

250+

200

I
o
wn

100 -

—

(sw) NNasS

50—

ns

Non-sVT sVT

80
60
0

(%) OSNNd

-

ns

e =
|

Non-sVT sVT

400 -
300
200+
100 -

(sw) ass4





OPS/images/fcvm-09-1044797/fcvm-09-1044797-t001.jpg
Variables Healthy control ACM group  p-value

group (n = 65) (n=288)

Age (years) 42.0£15.1 41.8 £12.9 0.93
Male (1, %) 42 (64.6) 67 (76.1) 0.15
Hypertension (1, 12 (18.5) 11 (12.5) 0.36
%)

Diabetes (1, %) 2(3.1) 3(3.4) 1.0
Coronary artery 0(0) 2(2.3) 0.51
disease (1, %)

Heart failure (n, 4 (4.5) 0(0) 0.14
%)

Smoking (1, %) 14 (21.5) 17 (19.3) 0.84
Alcohol (n, %) 6(9.2) 10 (11.6) 0.79

ACM, arrhythmogenic cardiomyopathy.





OPS/images/fcvm-09-1044797/fcvm-09-1044797-t002.jpg
Variables

Age (years)

Male (n, %)

History (years)

Age of diagnosis (years)

Syncope (1, %)

Family history (1, %)

1CD (n, %)

RECA (n, %)

Hypertension (1, %)

Diabetes (1, %)

CAD (n, %)

Heart failure (1, %)

Smoking (1, %)

Alcohol (n, %)

Treatment with AADs
Class I AADs (1, %)
Class AADs (1, %)
Class AADs (1, %)
Class AADs (1, %)

Surface electrocardiography
TWI-P (n, %)

TWLL (1, %)
RBBB (1, %)
Epsilon waves (1, %)

Measurements on echocardiography

LVDD (mm)

LVEF (%)

RV enlargement (1, %)
ROVT dyskinesia (1, %)

RV free wall dyskinesia (n, %)
PAH (n, %)

TR (n, %)

MR (n, %)

Measurements on Holter
PVCs (counts/24 h)
Mean HR (bpm)
HRmax (bpm)

HRmin (bpm)
NSVT (n, %)

Overall (n =88)

418+ 129
67 (76.1)
2.0 (1.0,6.8)
400 (29.3,47.8)
34 (38.6)
10 (11.4)
8(9.1)

16 (18.2)
11 (12.5)
3(34)
2(23)
4(4.5)

17 (19.3)
10 (11.4)

17 (19.3)

18 (20.5)

20 (22.7)
2(2.3)

51 (58.0)
27 (30.7)
24 (27.3)
15 (17.0)

484+51
652 (62.0,67.5)
54 (61.4)
39 (44.3)
60 (68.2)
33(37.5)
53 (60.2)
27 (30.7)

1,381 (259, 9,259)
68.6+ 88
109 (98, 127)
48 (45, 54)

41 (46.6)

Sustained VT (n =

24+124
48 (92.3)
2.0 (1.0, 6.0)

42.0(29.3,46.8)

22 (42.3)
8 (15.4)
6 (11.5)
12 (23.1)
5(9.6)
0(0)
2(3.8)
1(1.9)
15 (28.8)
8 (15.4)

13 (25)
12 (23.1)
16 (30.8)

2(3.8)

37 (71.2)
22 (42.3)
16 (30.8)
12 (23.1)

47.9 £5.1

64.1 (61.3, 68.0)

41 (78.8)
19 (36.5)
37 (71.2)
24 (46.2)
35 (67.3)
14 (26.9)

655 (94, 4,011)
68.6£9.7
106 (93, 126)
49 (45, 56)
24 (46.2)

52) No sustained VT (n = 36)

409 +126
19 (52.8)
2.0(1.0,7.0)
38.5 (27.0, 48.0)
12 (33.3)
2(5.6)
2(5.6)
4(11.1)
6(16.7)
3(8.3)
0(0)
3(8.3)
2(5.6)
2(5.6)

4(1L.1)

6 (16.7)

4(1L.1)
0(0)

14 (38.9)
5(13.9)
8 (22.2)
3(8.3)

49.1£51
65.4(63.3,67.3)
13 (36.1)
20 (55.6)
23 (63.9)
9 (25)
18 (50)
13 (36.1)

4,410 (1,200, 15,383)
68.7+75
120 (105, 129)
48 (45,52)
17 (47.2)

p-value

0.60
<0.001
0.78
0.72
0.40
0.19
0.46
0.15
0.51
0.07
0.51
0.30
0.007
0.19

0.11
0.46
0.03
0.51

0.003
0.004
0.38
0.07

0.27
0.45
<0.001
0.08
0.47
0.04
0.10
0.36

0.004
0.96
0.03
0.30
0.92

AAD, anti-arrhythmic drug; ACM, arrhythmogenic cardiomyopathy; bpm, beats per minute; CAD, coronary artery disease; HR, heart rate; ICD, implanted cardiac defibrillator; LVDD, left

ventricular end diastolic dimension; LVEE, left ventricular ejection fraction; MR, mitral regurgitation; NSV'T, non-sustained ventricular tachycardia; PAH, pulmonary artery hypertension;

PVC, premature ventricular complex; RBBB, right bundle branch block; RECA, radiofrequency catheter ablation; RV, right ventricular; RVOT, right ventricular outflow tract; TR, tricuspid

regurgitation; TWI-I, T wave inversion in inferior leads; TWI-P, T wave inversion in precordial leads; VT, ventricular tachycardia.
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Metabolite M/z HMDB ID VIP p (corr)

Betaine 140.0691 HMDB0000043 11977 0976209

Fluciclovine 156.0429 HMDB0244302 997295 0967688

PG (22:5 (72,102,132,162,192)/180) 825.5599 HMDBO116622 187558 0812757
Heptyl ketone 2272229 HMDB0059813 310336 0933519
Fenpropidin 2742747 HMDB0252217 120221 0829799
6-Hydroxynon-3-enoylcarnitine 257.1389 HMDB0241752 27658 097099
Decarbamoylneosaxitoxin 2731295 HMDB0033663 11372 0951031

Note: The significant differences were generated from the Student’s t-test or Mann-Whitney U test when the Student’s t-test was not suitable.





OPS/images/fphar-14-1135264/fphar-14-1135264-g005.gif





OPS/images/fphar-14-1135264/fphar-14-1135264-g004.gif





OPS/images/fphar-14-1135264/fphar-14-1135264-g003.gif





OPS/images/fphar-14-1135264/fphar-14-1135264-g002.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prevention and treatment of cardiovascular disease with integrated traditional chinese and western medicine



		Efficacy of Xinbao pill on chronic heart failure: Study protocol of a multicenter, randomized, double-blind, placebo-controlled trial



		Introduction



		Methods and analyses



		Design and settings









		Recruitment



		Eligibility criteria



		Diagnostic criteria of CHF



		Diagnostic criteria of traditional Chinese medicine syndrome



		Inclusion criteria



		Exclusion criteria



		Termination criteria



		Withdrawal criteria



		Sample size



		Randomization and allocation



		Blinding



		Interventions









		Outcomes



		Primary outcomes



		Secondary outcome indicators



		Safety outcomes



		Adverse events



		Data collection and management









		Statistical analyses



		Statistical analysis data sets



		Statistical analysis methods



		Medication adherence analysis



		Quality control



		Trial status









		Discussion



		Patient and public involvement









		Ethics statement



		Author contributions



		Funding



		Publisher’s note



		Supplementary material



		Abbreviations



		References









		Impaired heart rate variability in patients with arrhythmogenic cardiomyopathy: A multicenter retrospective study in China



		Introduction



		Patients and methods



		Patients



		Data collection and heart rate variability analysis



		Statistical analysis









		Results



		Baseline characteristics



		Patients with arrhythmogenic cardiomyopathy had impaired heart rate variability



		Decreased levels of standard deviation of all normal-normal intervals in arrhythmogenic cardiomyopathy patients with sustained ventricular tachycardia



		Standard deviation of all normal-normal intervals was independently associated with sustained ventricular tachycardia in arrhythmogenic cardiomyopathy patients



		Clinical value of standard deviation of all normal-normal intervals in predicting sustained ventricular tachycardia in arrhythmogenic cardiomyopathy patients



		Validation of standard deviation of all normal-normal intervals in risk stratification for sustained ventricular tachycardia in arrhythmogenic cardiomyopathy patients









		Discussion



		Study limitation



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References









		Role and molecular mechanism of traditional Chinese medicine in preventing cardiotoxicity associated with chemoradiotherapy



		Introduction



		Molecular mechanisms of chemoradiotherapy-related cardiotoxicity and the therapeutic effects of traditional Chinese medicine



		Oxidative stress



		Radiotherapy-induced oxidative stress



		Oxidative stress induced by anthracycline-based chemotherapeutic agents



		Oxidative stress induced by non-anthracycline chemotherapeutic agents









		Inflammation



		Apoptosis



		Radiotherapy-induced apoptosis



		Anthracycline-based chemotherapy-induced apoptosis



		Non-anthracycline-based chemotherapy-induced apoptosis









		Autophagy



		Endoplasmic reticulum stress



		Myocardial energy metabolism









		Discussion



		Conclusion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References









		Traditional Chinese medicine method of tonifying kidney for hypertension: Clinical evidence and molecular mechanisms



		Introduction



		Materials and methods



		Meta-analysis



		Eligibility criteria



		Exclusion criteria



		Literature search strategy



		Data extraction



		Risk of bias and quality assessment



		Statistical analysis









		Data mining



		Data extraction of prescription



		Core prescription extraction









		Network pharmacology



		Data preparation



		Protein–protein interaction and enrichment analysis



		Molecular docking















		Results



		Meta-analysis results



		Eligible studies



		Characteristics of studies



		Risk of bias



		Meta-analysis results



		Clinical efficacy rate



		Blood pressure



		Blood lipids



		Endothelial function



		Traditional Chinese medicine symptoms



		Adverse reactions



		Publication bias









		Data mining results



		Characteristics of prescriptions



		Herbs association rule analysis









		Network pharmacology



		Active compounds analysis



		Protein–protein interaction and gene enrichment analysis



		Analysis of molecular docking















		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References









		Plasma metabolomic analysis reveals the therapeutic effects of Jiashen tablets on heart failure



		Introduction



		Materials and methods



		Reagents



		Animals and experimental design



		Measurement of cardiac function



		Biochemical analysis and histopathological examination



		Plasma sample preparation



		UHPLC-QTOF-MS/MS analysis



		Data processing and statistical analysis









		Results



		Effects of Jiashen tablets on cardiac function of heart failure rats



		Effects of Jiashen tablets on serum cardiac enzymes and histopathological changes in heart failure rats



		Metabolomics method validation



		Metabolomics analysis



		Screen and identification of potential biomarkers









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References









		Traditional Baduanjin exercise through the eyes of patients with chronic heart failure: A qualitative content analysis study



		1. Introduction



		2. Materials and methods



		2.1. Setting



		2.2. Study design and participants selection



		2.3. Data collection



		2.4. Data analysis



		2.5. Ethical considerations









		3. Results



		3.1. Improving practice



		3.2. Factors facilitating good exercise adherence



		3.3. Feeling good









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Abbreviations



		References









		Effectiveness and safety of selected traditional Chinese medicine injections in patients with combined diabetes mellitus and coronary heart disease: A systematic review and network meta-analysis of randomized clinical trials



		Introduction



		Methods



		Data sources and searches



		Eligibility and exclusion criteria



		Literature inclusion and data extraction



		Risk of bias assessment



		Data synthesis and statistical analysis









		Results



		Literature selection



		Study characteristics



		Quality evaluation









		Outcomes



		Total effective rate



		Electrocardiogram effective rate



		Effective rate of angina pectoris









		Fasting blood glucose



		Postprandial blood glucose



		HemoglobinA1c



		Total cholesterol



		Triglycerides



		High-density lipoprotein



		Low-density lipoprotein



		Frequency of angina pectoris



		Duration of angina pectoris



		Rank probabilities



		Publication bias and sensitivity analysis



		Adverse events









		Discussion



		Limitations



		Conclusion



		Data availability statements



		Author contributions



		Funding



		Publisher’s note



		Supplementary material



		References









		Qili Qiangxin capsules for chronic heart failure: A GRADE-assessed clinical evidence and preclinical mechanism



		1. Introduction



		2. Materials and methods



		2.1. Formulations and chemical



		2.2. Search strategy



		2.3. Eligible criteria



		2.4. Literature quality assessment



		2.5. Data extraction and analyses



		2.6. GRADE assessment









		3. Results



		3.1. Eligible studies



		3.2. Literature characteristics



		3.3. Risk of bias









		4. Preclinical experiments



		5. Clinical trials



		5.1. Clinical efficacy rate



		5.2. Cardiac function



		5.3. 6-min walk distance



		5.4. BNP and NT-proBNP



		5.5. Adverse events









		6. Discussion



		7. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References









		Xin-Li-Fang efficacy and safety for patients with chronic heart failure: A study protocol for a randomized, double-blind, and placebo-controlled trial



		1. Introduction



		2. Methods



		2.1. Design and settings



		2.2. Participants



		2.2.1. Diagnostic criteria for CHF



		2.2.2. Diagnostic criteria for “Qi deficiency and Blood stasis and Water-Dampness retention (QBWD)” syndrome



		2.2.3. Inclusion criteria



		2.2.4. Exclusion criteria









		2.3. Recruitment process



		2.4. Randomization and allocation concealment



		2.5. Blinding



		2.6. Interventions



		2.6.1. Routine care



		2.6.2. Experimental group



		2.6.3. Control group



		2.6.4. Concomitant medication during the trial



		2.6.5. Monitoring compliance









		2.7. Outcome measurements



		2.7.1. Primary outcomes



		2.7.2. Secondary outcomes









		2.8. Safety assessments



		2.9. Sample size calculation



		2.10. Statistical analysis



		2.11. Data management



		2.12. Quality control



		2.13. Ethical considerations









		3. Discussion



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Abbreviations



		References









		Salvianolate injection for hypertensive nephropathy patients who were using valsartan: A systematic review and meta-analysis



		1 Introduction



		2 Methods



		2.1 Literature search



		2.2 Study selection



		2.3 Quality assessment



		2.4 Data extraction



		2.5 Statistical analysis



		2.6 Evidence quality assessment









		3 Results



		3.1 Search results and study characteristics



		3.2 Risk of bias in included studies



		3.3 Outcome measures



		3.4 Publication bias



		3.5 Sensitivity analysis



		3.6 Evidence quality









		4 Discussion



		5 Limitations



		6 Conclusion



		Data availability statement



		Author contributions



		Funding



		Publisher’s note



		Supplementary material



		References









		Combined analysis of plasma metabolome and intestinal microbiome sequencing to explore jiashen prescription and its potential role in changing intestine–heart axis and effect on chronic heart failure



		Introduction



		Materials and methods



		Experimental reagents



		Animals and experimental protocols



		Sample collection



		DNA extraction and 16S rRNA sequencing



		Non-targeted metabolomic analysis



		Bioinformatic analysis and statistical analysis



		Weighted gene co-expression network analysis (WGCNA)









		Results



		Establishment of chronic heart failure model in SD rats



		Diversity analysis of intestinal microbiome



		Analysis of intestinal microbiome differences



		Determination of rat plasma metabolites and their function



		Intestinal microbiome combined with key metabolites WGCNA analysis









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References









		A novel nomogram for predicting risk of malnutrition in patients with heart failure



		Highlights



		Introduction



		Methods



		Subjects and design



		Data collection



		Definitions and criteria of related indicators



		Outcome



		Data analysis









		Results



		Demographic data and univariate analysis results



		Multivariate analysis



		Risk prediction model



		Model development



		Evaluation of the prediction model















		Discussion



		Limitations









		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References









		The efficacy and safety of Chinese herbal medicine as an add-on therapy for type 2 diabetes mellitus patients with carotid atherosclerosis: An updated meta-analysis of 27 randomized controlled trials



		Introduction



		Materials and methods



		Study registration



		Database and search strategies



		Inclusion criteria



		Exclusion criteria



		Study selection and data extraction



		Risk of bias assessment



		Statistical analysis



		Subgroup analysis and meta-regression



		Identification of commonly used Chinese herbal medicines









		Results



		Database search results



		Characteristics of included studies



		Risk of bias assessment



		Primary Outcomes



		Secondary Outcomes



		Adverse events



		Publication bias



		Assessment of evidence quality



		Frequency distribution analysis of Chinese herb medicines









		Discussion



		Main results of this research



		Possible mechanism of Chinese herbal medicines for T2DM patients with CAS



		Agreement and disagreement with previous studies



		Limitation of this research



		Implication for clinical practice and future research









		Conclusion



		Data availability statement



		Author contributions



		Funding



		Publisher’s note



		Supplementary material



		References



		Glossary









		Comparative efficacy and pharmacological mechanism of Chinese patent medicines against anthracycline-induced cardiotoxicity: An integrated study of network meta-analysis and network pharmacology approach



		1. Introduction



		2. Methods



		2.1. The network meta-analysis of the combination of CPMs and DEX against AIC



		2.1.1. Protocol registration and search strategies



		2.1.2. Eligibility criteria



		2.1.3. Data extraction



		2.1.4. Quality assessment



		2.1.5. Statistical analysis









		2.2. The network pharmacology analysis of CPMs against AIC



		2.2.1. Acquisition of AIC-related targets



		2.2.2. Screen of CPMs-related targets



		2.2.3. Construction of protein-protein interaction network



		2.3.4. Analysis of functional enrichment















		3. Results



		3.1. The network meta-analysis of the combination of CPMs and DEX against AIC



		3.1.1. Study characteristics



		3.1.2. Quality assessment



		3.1.3. Outcome of cTnI level



		3.1.4. Outcome of CK-MB level



		3.1.5. Outcome of LVEF value



		3.1.6. Outcome of the abnormal rate of ECG



		3.1.7. Outcome of ST-T segment alteration rates



		3.1.8. Outcome of sinus tachycardia



		3.1.9. Outcome of atrioventricular block



		3.1.10. Outcome of premature beat



		3.1.11. Publication bias









		3.2. The network pharmacology analysis of CPMs against AIC



		3.2.1. Effective interventions



		3.2.2. Targets screen



		3.2.3. PPI network



		3.2.4. Component-target network



		3.2.5. KEGG enrichment analysis















		4. Discussion



		4.1. The network meta-analysis of the combination of CPMs and DEX against AIC



		4.2. The network pharmacology analysis of CPMs against AIC









		5. Limitations



		6. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References









		Chuanxiong improves angiogenesis via the PI3K/AKT/Ras/MAPK pathway based on network pharmacology and DESI-MSI metabolomics



		1 Introduction



		2 Materials and methods



		2.1 Network pharmacology analysis



		2.2 Chemicals and reagents



		2.3 Preparation of extracts from Chuanxiong for qCAM and cell assays



		2.4 Quail chick chorioallantoic membrane (qCAM) assay



		2.5 RNA isolation and real-time PCR analysis



		2.6 Cell viability assay



		2.7 Wound scratch assay



		2.8 Tube formation assay



		2.9 GC-MS-based metabolomics analysis for qCAM samples



		2.10 Western blotting



		2.11 Statistical analysis









		3 Results



		3.1 Chuanxiong promotes angiogenesis via multiple targets according to network analysis



		3.2 Chuanxiong leads to increased angiogenesis in a dose-dependent manner in qCAM



		3.3 Chuanxiong alleviates injury induced by t-BHP in vitro



		3.4 Chuanxiong-regulated altered metabolic pathways are revealed by untargeted metabolomics



		3.5 Effects of Chuanxiong on the expression of key proteins in the angiogenesis process









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Publisher’s note



		References









		Traditional Chinese medicine for heart failure with preserved ejection fraction: clinical evidence and potential mechanisms



		1 Introduction



		2 Management strategies for HFpEF



		3 Evolution of guidelines



		4 TCM for HFpEF treatment



		4.1 Understanding HFpEF in TCM theory



		4.2 Clinical evidence of TCM for HFpEF









		5 Potential mechanisms of TCM for HFpEF



		5.1 Haemodynamic mechanism



		5.2 Cellular and molecular mechanism









		6 Conclusion and perspectives



		Author contributions



		Funding



		Publisher’s note



		Supplementary material



		References



		Glossary









		Effect of tanshinone IIA for myocardial ischemia/reperfusion injury in animal model: preclinical evidence and possible mechanisms



		1 Introduction



		2 Methods



		2.1 Data sources and search strategy



		2.2 Eligibility criteria



		2.3 Data extraction



		2.4 Risk of bias in individual studies



		2.5 Statistical analysis









		3 Results



		3.1 Characteristics of included studies



		3.2 Study quality



		3.3 Effectiveness









		4 Discussion



		4.1 Summary of the evidence



		4.2 Limitations



		4.3 Implications



		4.5 Conclusion









		Data availability statement



		Author contributions



		Funding



		Publisher’s note



		References









		Effect of an optimized new Shengmai powder on exercise tolerance in rats with heart failure by regulating the ubiquitin-proteasome signaling pathway



		1. Introduction



		2. Materials and methods



		2.1. Animal



		2.2. Experimental drugs



		2.3. Modeling and grouping methods



		2.4. Echocardiography examination



		2.5. Exhaustive swimming experiment



		2.6. Hemodynamics test



		2.7. Histopathology



		2.8. TUNEL detection



		2.9. Immunohistochemistry



		2.10. Immunofluorescence analysis



		2.11. Western blot



		2.12. Quantitative real-time PCR









		3. Results



		3.1. Effects of the optimized new Shengmai powder on cardiac function and exercise tolerance in rats



		3.2. Effects of the optimized new Shengmai powder on the structure of the cardiac muscle and skeletal muscle in rats



		3.3. Effects of the optimized new Shengmai powder on TUNEL staining and the apoptosis rate of cardiac and skeletal muscle cells in rats



		3.4. Effects of the optimized new Shengmai powder on the expression of MAFbx and Murf-1 protein of the cardiac and skeletal muscles in rats by immunohistochemistry



		3.5. Effects of the optimized new Shengmai powder on apoptosis gene Caspase-3 of cardiac and skeletal muscles in rats



		3.6. Effect of the optimized new Shengmai powder on the expression of UPS pathway-related proteins in the cardiac and skeletal muscles of rats









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References









		Digitalization of prevention and treatment and the combination of western and Chinese medicine in management of acute heart failure



		1. Introduction



		2. The current state of digital healthcare in acute heart failure



		3. Current status of combined Chinese and western medical therapies for acute heart failure



		3.1 General situation



		3.1.1 Preparations and ready-to-use medicines



		3.1.2 Injections









		3.2. Special implications in pediatrics and emergency care



		3.2.1. Current status of combined Chinese and western medicine in the treatment of pediatric acute heart failure



		3.2.2. Current status of combined Chinese and western medicine in treatment of acute heart failure









		3.3. COVID-19 sequelae and acute heart failure









		4. Current status of and outlook for digital prevention and treatment of acute heart failure with Chinese and western medicine



		4.1. Current situation



		4.2. Outlook and challenges: pain points and choke points









		5. Discussion



		5.1. Digital healthcare for acute heart failure



		5.2. Combined treatment with Chinese and western medicine for acute heart failure



		5.3. Digital prevention and treatment of acute heart failure through a combination of Chinese and western medicine









		6. Conclusion



		Author contributions



		Conflict of interest



		Publisher's note



		References









		Effect and possible mechanisms of saponins in Chinese herbal medicine exerts for the treatment of myocardial ischemia-reperfusion injury in experimental animal: a systematic review and meta-analysis



		1. Introduction



		2. Methods



		2.1. Data sources and search strategies



		2.2. Inclusion and exclusion criteria



		2.3. Data extraction



		2.4. Quality assessment



		2.5. Data statistical and analysis









		3. Results



		3.1. Characteristics of included studies



		3.2. Quality assessment of studies



		3.3. Infarct size



		3.4. Cardiac function



		3.4.1. Left ventricular ejection fraction percentage



		3.4.2. Left ventricle fractional shortening percentage









		3.5. Myocardial enzyme



		3.5.1. LDH (lactate dehydrogenase)



		3.5.2. CK-MB (creatine kinase MB isoenzyme)















		4. Discussion



		4.1. Necrosis



		4.2. Oxidative stress



		4.3. Inflammatory response



		4.4. Intracellular calcium overload



		4.5. Autophagy



		4.6. Programmed cell death



		4.6.1. Apoptosis



		4.6.2. Pyroptosis









		4.7. Saponins on multiple signalling pathways









		5. Limitation



		6. Conclusion and perspectives



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References









		Efficacy of acupuncture for hypertension in the elderly: a systematic review and meta-analysis



		1. Introduction



		2. Materials and method



		2.1. Search strategies



		2.2. Eligibility criteria



		2.3. Data items



		2.4. Types of outcomes measurements



		2.5. Quality assessment



		2.6. Statistics analysis









		3. Results



		3.1. Study selection



		3.2. Study characteristics



		3.3. Risk of bias in individual studies



		3.3.1. Random sequence generation



		3.3.2. Allocation concealment



		3.3.3. Blinding of participants and personnel and outcome assessment



		3.3.4. Incomplete outcome data



		3.3.5. Selective reporting



		3.3.6. Other potential sources









		3.4. Acupuncture vs. drug-only treatment



		3.4.1. Efficiency rate



		3.4.2. Systolic blood pressure (SBP)



		3.4.3. Diastolic blood pressure (DBP)









		3.5. Acupuncture combined with drug vs. drug-only treatment



		3.5.1. Efficiency rate



		3.5.1.1. Meta-analysis



		3.5.1.2. Subgroup analysis









		3.5.2. SBP



		3.5.2.1. Meta-analysis



		3.5.2.2. Subgroup analysis









		3.5.3. DBP



		3.5.3.1. Meta-analysis



		3.5.3.2. Subgroup analysis





















		4. Discussion



		4.1. Summary of findings



		4.2. Mechanisms of acupuncture



		4.3. Strengths and limitations



		4.4. Implications









		5. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References























OPS/images/fphar-14-1135264/fphar-14-1135264-g001.gif





OPS/images/fphar-14-1135264/crossmark.jpg
©

|





OPS/images/fcvm-10-1126110/fcvm-10-1126110-t001.jpg
State Mean age Sample Drug type Tumor Doses | Follow-up Outcome
size diagnosis duration indicators

Renjianlin et al, 2020 | China | 531+7.0 | 522%65 Wenxinkeli Breast cancer LVEE, rate of abnormal
©5) ECG

Wangsiyuan etal, | China | 6075 | 60-75 Shengifuzheng injection | Malignant tumor LVEF, CK-MB

2020 (26)
Jiangzhuhui etal, | China | 44687 | 44399 Astragalus injection | Hematological <Tnl, CK-MB, rate of
2018 (27) tumor abnormal ECG
Lvzhenhui et al, 2017 | China | 36353 | 382+55 Shenmai injection Acute leukemia LVEF, CK-MB, rate of
(28) abnormal ECG
‘Wangxuan et al, 2017 | China | 18-78 18-78 Shenmai injection Hematological 50 mg. cTnl, rate of abnormal
29, tumor

Chenshuzhi etal, | China | 2072 | 2072 Shengifuzheng injection | Malignant tumor | 250 ml LVEE, cTnl, rate of
2017 (30) abnormal ECG
Linwenbo, 2016 (31) | China | 389+58 | 392+56 Shenmai injection Malignant tamor | 50 mg LVEF, CK-MB
Zhangzhenjiang, 2016 | China | 518+33 | 517+34 Shenmai injection Acute leukemia | 50 mg LVEE, cTnl, rate of
(32)

abnormal ECG
Zhangguowen, 2016 | China | 48354 | 476+49 Cinobufotalin injection | Malignant tumor | 15/500 ml LVEE, ¢Tnl, CK-MB,
(33) rate of abnormal ECG
Yuwei etal, 2015 (34) | China | 18-65 | 18-65 Shenmai injection Breast cancer 50ml LVEE, rate of abnormal

Wangxuan, 2015 (35) | China | 1878 18-78 Shenmai injection acute leukemia 50 mg Tnl, rate of abnormal

Luorenfeng et al, 2015 | China | 33-69 | 33-69 Astragalus injection | Malignant tumor | 20/250 ml LVEF, ¢Tnl, CK-MB,
6) rate of abnormal ECG
Luorenfeng et al, 2015 | China | 33-69 | 33-69 Cinobufotalin injection | Malignant tumor | 20/250 ml LVEF, cTnl, CK-MB,
(6) rate of abnormal ECG
Luorenfeng et al,, 2015 | China 33-69 33-69 Astragalus with Malignant tumor | 40/500 ml LVEF, ¢Tnl, CK-MB,
[€0) cinobufotalin injection rate of abnormal ECG
Fenggiong, 2014 (37) | China | 49457 | 51256 i injection | Breast cancer 250 ml LVEF

Wangxuan, 2014 (38) | China | 28-75 | 28-75 Shenmai injection Malignant tumor | 50 mg LVEF, CK-MB
Zhuanghaifeng et al, | China | 17-78 | 17-78 Shenmai injection Hematological 50ml LVEF, cTnl, rate of
2012 (39) tumor abnormal ECG

NA, data ot available; T, treatrment group; C, control group; d, days; LVEF, left ventricular ejection fraction; cTnl, cardiac troponins I; CK-MB, creatine kinase —M8; ECG,
S -





OPS/images/fcvm-10-1126110/fcvm-10-1126110-g010.jpg
A

Component targets

© Lipid metabolism
Amino acid metabolism
@ Anglogenesis

@ Neurotransmitter

'ﬁl.

8
e

g

& @

bmid

MicroRNAs in cancer i

Count

Chemical carcinogenesis -
receptor activation [ J ; ;8
1
Proteoglycans in cancer [ ] ®
Calcium signaling pathway [ : K
30
Rap1 signaling pathway @ o=

AGE-RAGE signaling pathway | g
in diabetic complications paadjust
i)

Prostate cancer{ @
20609
15009
10009
50010

Serotonergic synapse @

EGFR tyrosine kinase
inhibitor resistance

Endocrine resistance | ®

010 012 014 0.6
GeneRatio





OPS/images/fphar-13-1058799/fphar-13-1058799-t002.jpg
Study phase time Baseline period Intervention period Follow-up

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
—7 to 0 days 4 weeks 8 weeks 12 weeks 24 weeks
Data collection at baseline
Inclusion/exclusion criteria x
Informed consent x
Demographic data x
Obtain the central random number x
Previous history, medical history, and allergies x
Efficiency evaluation
NT-proBNP x x x x x
Echocardiographic parameters x x x x x
NYHA dlass x x x x x
EMWT % x x x x
MLHFQ score x x x % x
TCM symptom scores x x x x x
Clinical-endpoint events x x x x x
Safety evaluation
Vital signs x x x x x
Physical examination x x x x x
Blood routine x x x x x
Urine routine x x x x x
ECG x x x x x
Blood biochemistry x x x x x
Chest radiograph x x x
Other work
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Ma et al, 2017 Vv v v [ 3
Dai et al, 2013 N N v ‘ 3
Tang et al,, 2017 v v v v v v ‘ 6
Zheng et al., 2010 N N v ‘ 3
Zhang and Zhang. 2010 v v v | 3
Han et al,, 2016 v v v | v | 4
Wu and He. 2012 v v v 4
Zhou and Yang. 2012 v v v 4
Han. 2011 Vv v v 3

Liet al, 2016a v v v v v v 6
Long et al, 2015 ; v v v v v v 6
Pan et al., 2017 v v v v 7 v v 6
Hu etal, 2015 v v v | v v v 6
Wei et al, 2014 v v v v v 5
Liet al, 2010 v v v v 4

Fu et al., 2007 v v v v v v 6
Zhang et al., 2010 v v v v v 7
Li et al, 2016b v v v i v 6
Wang 2021 v v v 3
Liet al, 2017 v v v v 4
Shen et al., 2018 v v v v v v 6

| Tao et al,, 1996 [ v v [ v 3
Wang et al,, 2016 v N v v 4
Ai 2013 v v v ‘ 2
‘Wang et al,, 2012 v N v ‘ 4
Lin et al, 2013 v [ v 4
Wang et al,, 2007 v v v ‘ 3
Liu et al, 2017 v v v v v v | 6

Note: Studies fulfilling the criteria of: A peer reviewed publication; B: control of temperature; C: random allocation to treatment or control; D: blinded induction of model; E blinded assessment
of outcome; F: use of anesthetic without significant intrinsic cardioprotective activity; G: appropriate animal model (aged, diabetic, or hypertensive); H: sample size calculation; I: compliance
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Species (sex, i Anesthetic  Treatment Control group ~ Outcome Intergroup

ni= group index differences
experimental/ (method to (time)
control group) Tan lIA)
Maetal, | SDrats(male, 16/16) | 180-220g  Ligation of LAD = Phenobarbital = Gavaged with Tan  Gavaged with L Infarct size | 1. p < 0.05
2017 for 30 min then | Sodium (3%) | IIA (20 mgkg'd), isasteric normal (AAVAAR)
reperfusion for once a day, for saline, once a day,
180 min 5 days, before for 5 days, before 2. cTnl 2.p <005
establishing model establishing model
3. Cyte 3.p<005
Daietal, | SDrats (male, 8/8) | 240-320g  Ligation of LAD | 20% urethane | Intravenous injected  Intravenous injected | 1. Apoptosis | 1. p < 0.01
2013 for 40 min then | (5 mlL/kg) with Tan TTA with nothing, 3 min | index
reperfusion for (30 mg/kg), 3min  before reperfusion
120 min before reperfusion  and 2 min after 2.CK 2.p<001
and 2 min after reperfusion
reperfusion 3.LDH 3.p<001
4.50D 4.p <005
5. MDA 5.p<005
Tangetal,  SDrats (male,10/10) | 260-280g  Ligation of LAD | 3% Intraperitoneal Intraperitoneal 1.50D 1.p <001
2017 for 30 min then | pentobarbital  injected with Tan  injected with
reperfusion for | sodium 1A (30 mg/kg), isasteric normal 2. MDA 2.p<001
480 min (30 mg/kg) once a day, for saline, once a day,
7 days, before for 7 days, before 3. CAT 3. p<001
establishing model establishing model
4. GSH-Px 4.p <001
5.Nif-2 5.p<001
6.HO-1 6.p <001
Zheng SD rats (male, 10/10) | 200-300g  Ligation of LAD = Pentobarbital  Gavaged with Tan  Intravenous injected | 1. Apoptosis | 1 p <005
etal, 2010 for 60 min then | sodium (2.5%) | 1IA (30 mg/kg'd),  withisastericnormal | index
reperfusion for once a day, for saline, once a day,
120 min 7 days, before for 7 days, before | 2 Caspase:3 | 2.p <005
establishing model establishing model
3.Bd2 3.p<001
Zhang and | Wistar rats (male/ | Not Ligation of LAD | Diethyl ether | Gavaged with Tan  Gavaged with 1 Infarct size | 1. p <005
Zhang. female, 20/20) mentioned  for 30 min then 1IA (15 mg/kg'd),  normal saline (AAULVA)
2010 reperfusion for once a day, for (5 mL/kg), once a
120 min 3 days, before day, for 3 days, 2.CK 2.p<005
establishing model  before establishing
model 3.LDH 3.p<005
4. AST 4.p <001
5.50D 5.p <001
6. MDA 6.p <0001
7. GSH-PX 7.p <001
Hanetal, | SD rats (male, 8/8) | 220-270g  Ligation of LAD | Pentobarbital | Intraperitoneal Intraperitoneal 1 Apoptosis | 1. p <005
2016 for 30 min then | sodium (3%) | injected with Tan injected with index
reperfusion for 1A (40 mghkg'd), isasteric distilled
180 min once a day, for water, once a day, | 2. P-Akt 2.p<005
7 days, before for 7 days, before
establishing model  establishing model 3 Mn2 3.p <005
Wuand | SDrats (male,10/10) | 280-320g  Ligation of LAD = 10% Chloral  Gavaged with Tan  Gavaged with L Infarct size | 1 p <005
He. 2012 for 30 min then | hydrate 1IA (50 mg/kg'd),  normal saline (AAVLVA)
reperfusion for | (300 mg/kg) once a day, for (2 mL/d), once a
120 min 7 days, before day, for 7 days, 2. HR 2.p <005
establishing model  before establishing
model
Zhouand | Wistar rats (male, | 250-300g  Ligation of LAD | 3% Intraperitoneal Intraperitoneal L Infarct size | 1. p <001
Yang 2012 | 16/16) for 30 min then | pentobarbital | injected with Tan  injected with (AAT weight/
reperfusion for | sodium TIA (10 mg/kg) isasteric normal whole weight)
60 min (015 mL/ before establishing  saline before 1
100 g) model establishing model | 2. Arrhythmia | 2. p < 0.01
score
3. NF-KB 3.p <001
4. TNF-a 4.p<001
Han. 2011 | Wistar rats (male/ | 150-250g  Ligation of LAD | 20% Urethane | Intraperitoneal Intraperitoneal 1. amplitude of | 1. p < 0.05
female, 10/10) for 45 min then | (1 g/kg) injected with Tan  injected with normal | T wave
reperfusion for TIA (16 mg/kg) saline (4 mL/kg)
120 min before establishing  before establishing | 2. incidence of | 2. p < 0.05
model model 2 h arrhythmia
3. Bdl-20D 3.p<005
4. BaxOD 4.p <005
5. Bel-2/Bax 5.p <005
Lietal, | SDrats(male,13/13) | 210-250g  Ligation of LAD = Pentobarbital  Intravenous injected Intravenous injected | 1. Infarct size | 1.p <005
20162 for 30 min then | sodium with Tan TIA with nothing, before | (AAVAAR)
reperfusion for (60 mg/kg) (20 mg/kg), before  establishing model
120 min establishing model 2. Apoptosis 2.p<005
index
3. CK-MB 3.p<005
4.1DH 4.p <005
5.50D 5.p<005
6. MDA 6.p<005
7. SDH 7.p<005
8.COX 8.p<005
9. H202 9.p <005
Long etal, = SDrats (male,24/24) | 200-250g  Ligation of LAD | Pentobarbital | Intravenous injected Intravenous injected | 1. Infarct size | L. p < 0.001
2015 for 45 min then | sodium with Tan TTA withisastericnormal | (AAVAAR)
reperfusion (40 mg/kg) (8 mg/kg), 30 min  saline, 30 min before
for72h before establishing  establishing model | 2. EF 2.p <0001
model and 24,48 h  and 24, 48 h after
after establishing establishing model | 3 FS 3. p <0001
model
Panetal, | SD rats (male, 9/10) | Not Ligation of LAD | 10% Chloral | Intraperitoneal Intraperitoneal L Infarct size | 1. p < 005
2017 mentioned  for 30 min then | hydrate injected with Tan  injected with (AAVAAR)
reperfusion (350 mg/kg) 1A (70 mgkg), isasteric normal
for 24 h before establishing  saline, before 2. Caspase-3 2.p <005
model establishing model
3.Bd2 3.p<005
4. Bax 4.p<005
5. Beclin-1 5.p <005
6. HMGBI 6.p<005
Huetal, | SDrats(male,10/10) | 200-220g Ligation of LAD | Pentobarbital | Intraperitoneal Intraperitoneal L Infarct size | 1 p <005
2015 for 30 min then | sodium injected with Tan  injected with vehicle, | (AAI weight/
reperfusion for | (50 mg/kg) TIA (40 mg/kg'd),  oncea day, for whole weight)
120 min once a day, for 14 days, before
14 days, before establishing model | 2. CK 2.p <005
establishing model
3 AST 3.p<005
4.50D 4.p <005
5. GSH-Px 5.p<005
6. MDA 6.p<005
7. TNF-a 7.p <005
816 8.p<005
9.iNOS 9.p<005

10. HMGB1 10. p < 0.05

Weietal, = SDrats (male, 8/8) | 250-300g Ligation of LAD | Pentobarbital | Intravenous injected Intravenous injected | 1. Infarctsize | 1L p <005

2014 for 30 min then | sodium with Tan TIA withisastericnormal | (AAVAAR)
reperfusion (50 mg/kg) (8 mg/kg), 4 hafter ~ saline, 4 h after
for 24 h reperfusion reperfusion 2. CK-MB 2.p<005
3 AST 3.p<005
4.LDH 4.p <005
5.50D 5.p<005
6. MDA 6.p<005
7. GSH-Px 7.p <005
8. GSH 8.p<005
Lietal, | Wistar rats (male, | 250-300g Ligation of LAD | 10% Chloral | Tail intravenous Tail intravenous 1. Arthythmia | 1. p <001
2010 8/8) for 30 min then | hydrate injected with Tan  injected with score
reperfusion for | (0.4mL/100 ) | TIA (20 mg/kg), nothing before
60 min before establishing ~ establishing model | 2. 1L-6 2.p<001
model
Fuetal, | SDrats(male,13/13) | 280-300g Ligation of LAD | Diethyl ether | Gavaged with Tan  Gavaged with 0.5% | 1.SOD 1.p <005
2007 for 45 min then 1A (60 mg/kg'd),  carboxymethyl
reperfusion for once a day, for cellulose sodium | 2 MDA 2.p <005
240 min 14 days, before (10 mg/kg?d), once
establishing model  a day, for 14 days, | > Bcl2 3.p <005
before establishing
4. Bax 4.p <005
model

5. Caspase-3 | 5.p <005

Zhang SD rats (male, 20/20) | 200-220 g Ligation of LAD | 3% isoflurane | Intraperitoneal Intraperitoneal L Infarct size | 1. p <005
etal, 2010 for 30 min then injected with Tan ~ injected with (AAV/LVA)
reperfusion for LA (5mg/kg'd), isasteric normal
180 min once a day, for saline, once a day, = 2 EF 2.p <005
7 days, before for 7 days, before
establishing model establishing model 3 TNF-a 3.p <005
416 4.p <005

5. Caspase-3 | 5.p <005

6. P-Akt 6. p < 0.05
7. NF-KB 7.p <005
Lietal, ‘Wistar rats (male/ 130-230 g  Ligation of LAD = 2% ‘Tail intravenous ‘Tail intravenous 1. SOD 1 p <005
2016b female, 8/8) for 30 min then = Pentobarbital injected with Tan injected with
reperfusion for | sodium A (2mL/100 g*d),  isasteric normal 2. MDA 2.p<005
30 min. This once a day, for saline, once a day,
process was 14 days, before for 14 days, before | 3- CAT 3.p <005
repeated 3 times establishing model  establishing model
4. VEGF 4.p <005
5. HIF-1 5. p<005
6. FLK-1 6.p <005
Wang2021 ~ Wistar rats (male/ 355.62 + Ligation of LAD | 3% Intravenous injected  Intravenous injected = 1. AAI/AAR L p <005
female, 8/8) 203g for 45 min then | Pentobarbital with Tan IIA with isasteric normal
reperfusion sodium (20 mg/kg), before  saline, before 2. 1DH 2.p <005
for 24 h establishing model establishing model
3. apoptosis 3.p <005
index
4. ROS 4.p <005
5. MDA 5. p <005
6. SOD 6.p <005
7. Bd-2 7.p <005
Lietal,  SDrats (male,9/9) | 200-300g Ligation of LAD = Chloral hydrate | Intraperitoneal Intraperitoneal 1. MDA 1 p <005
2017 for 30 min then injected with Tan injected with normal
reperfusion 1A (2 mL/kg). The  saline (0.5 mL/kg). | 2. SOD 2.p <005
for 2h Tan IIA was The normal saline
administered once  was administered | - LDH 3.p <005
every other day for  once every other day
8 weeks, after for § weeks, after |+ DX 4p <005
establishing model  establishing model | . 5 p<005

6.apoptosis | 6. p < 0.05

index
7. CTnl 7.p <005
Shenetal,  SD rats (male, 7/7) | 200-210g  Ligation of LAD | 10% chloral Gavaged with Tan  Gavaged with L AAVAAR  1p <005
2018 for 45 min then | hydrate 1IA (7912 mg/kg),  nothing, before
reperfusion before establishing establishing model | 2. LDH 2.p<005
for 2h model
3.50D 3.p<005
4. MDA 4.p<005
Taoetal,  Rabbits (male/ Not Ligation of LAD | 3% Intravenous injected  Intravenous injected | 1. SOD 1.p <0001
1996 female, 10/10) mentioned  for 30 min then | pentobarbital | with Tan IIA with nothing, before
reperfusion for | sodium (5 mg/kg), before  reperfusion 2. MDA 2.p <0001
30 min reperfusion
Wang New Zealand rabbits | 22-27 Kg  Ligation of LMB | 3% Intravenous injected  Intravenous injected | 1. Infarct size | 1. p < 0.05
etal, 2016  (male, 10/10) for 90 min then | Pentobarbital | with Tan IIA with 25% Glu (AAVLVA)
reperfusion for | sodium (5 mg/kg), before (2 mL/kg), before
120 min (1.1 mL/kg) reperfusion reperfusion 2.CK 2.p<005
3. CK-MB 3.p<001
4. TNF-a 4.p <005
Ai2013 | Rabbits (male/ 20-25Kg  Ligation of LCA | 20% Urethane | Intravenous injected  Intravenous injected | 1.SOD 1.p <005
female, 10/10) for 30 min then | (5 mL/kg) with Tan IIA with nothing before
reperfusion for (3 mg/kg), before establishing model | 2. MDA 2.p <005
120 min establishing model
Wang New Zealand rabbits | 22-27 Kg  Ligation of LMB | 3% Intravenous injected Intravenous injected | 1. CTnl 1.p <001
etal, 2012 (male, 10/10) for 90 min then | Pentobarbital | with Tan IIA with 25% Glu
reperfusion for | sodium (5 mg/kg), before (2.0 mL/kg), before | 2. SOD 2.p<005
120 min (1.1 mL/kg) reperfusion reperfusion
Linetal, | New Zealand rabbits | 25-30Kg Ligation of LVA | 3% Intravenous injected  Intravenous injected | 1. Infarct size | L p < 0.05
2013 (male, 10/10) for 60 min then | Pentobarbital | with Tan IIA withisastericnormal | (AALVA)
reperfusion for | sodium (4 mg/kg), before  saline, before
120 min (1.0 mL/kg) reperfusion reperfusion 2. ST -segment | 2.p < 005
changes
Wang Japan-Sino 228+ Ligation of LCA | Pentobarbital | Intravenous injected Intravenous injected | 1. CK 1p <001
etal, 2007  hybridization white | 031Kg for 40 min then | sodium with Tan 1A with 25% Glu
rabbits (male/female, reperfusion for (30 mg/kg) (3 mg/kg), before (1.0 mL/kg), before | 2. LDH 2.p<001
8/6) 60 min establishing model establishing model
3.50D 3.p<005
4. GSH-Px 4.p <005
5. MDA 5.p<005
Liuetal, | New Zealand rabbits | 15-18Kg Ligation of LCA | Pentobarbital | Intravenous injected Intravenous injected | 1. CK-MB 1p <005
2017 (male/female, 10/10) for 30 min then | sodium with Tan TTA with isasteric normal
reperfusion for (1 mL/kg) (5 mL/kg*d), once a ~ saline, once a day, = 2. LDH 2.p <005
30 min. This day, for 7 days, for 7 days, before
process was before establishing establishing model | 3+ SOD 3.p <005
repeated 3 times model

Note: AAI area at infarct; AAR, area at risk; AST, aspartate transaminase; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-Associated X; cTnl, cardiac troponin I; CytC, cytochrome C; CAT, catalase; CK,
creatine kinase; CK-MB, creatine kinase-MB; COX, cytochrome c oxidase; EF, eection fraction; FS, fractional shorting; Glu, glucoseinjection; GSH, glutathione synthetase; GSH-Px, glutathione
peroxidase; HMGBI, high mobility group box-1 protein; HO-1, hemeoxygenase-1; iNOS, inducible nitric oxide synthase; IL-6, interleukin-6; LAD, the left anterior descending coronary artery;
LMB, the left marginal branch; LCA, the left circumflex coronary artery; LVA, the left ventricular coronary artery; LVA, left ventricular area; LDH, lactate dehydrogenase; MDA,
malondialdehyde; Nrf-2, nuclearfactor erythroid-2-related factor-2; M2, mitofusin2; p-Akt, phosphothreonine kinase; SD rats, Sprague-Dawley; SOD, superoside dismutase; TNF-a, tumor
S
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Mode

ESI-

ESI+

Metabolite

2-Methylquinolin-4-ol

3-Hydroxycapric acid

L-Arabitol

(-)-Riboflavin

3-Indolepropionic acid
3-Hydroxy-3-methyl-2,3-dihydro-1H-indol-2-one
3,4-Dihydrocoumarin

Methoxyindoleacetic acid

Lysope 18:1
1-(1Z-Octadecenyl)-sn-glycero-3-phosphocholine
L-Norvaline

Carnitine C16-OH

ndole-3-pyruvic acid

1-Pyrrolidineheptanoic acid, 2-(3-hydroxyoctyl)-5-oxo-

Ruxolitinib

N-(3-Indolylacetyl)-L-alanine

3-Aminobenzoic acid

N-Hexadecanoyl-L-homoserine lactone

nosine 5’-monophosphate

Novobiocin

10-methyl-9-(phenoxycarbonyl) acridinium fluorosulfonate
Dihydrorhodamine 123

TG(20:4(5Z,8Z,11Z,147)/20:4(5Z,8Z,11Z,14Z)/22:5
(42,72,10Z,13Z,16Z))

Resmethrin

Phe-Asp
1-Stearoyl-2-hydroxy-sn-glycero-3-phosphocholine

9-[(2R,3R,48,59)-3,4-dihydroxy-5-(methylsulfanylmethyl)oxolan-2-

yl]-3H-purin-6-one
Thr-Phe
Carnitine C16:2-OH

Formula

C10
C10

HONO
H2003

C5H1205

C17
Cl11

H20N406
H1INO2

C9HINO2
C9H802

€11
C23
C26

H1INO3
H46NO7P
H54NO6P

C5H1INO2

C23
Cl11
C19
C17
C13

H45NO5
HONO3
H35NO4
H18N6
H14N203

C7H7NO2

C20
C10
C31
C21
C21
C65.

C22
C13
C26
Cl11

C13
C23

H37NO3
H13N408P
H36N2011
H15NO2
H18N203
H10006

H2603
H16N205
H54NO7P
H14N404S

H18N204

H41NO5

m/z

158.0612
188.1371
204.0663
375.1349
188.0718
184.0402
189.0752
205.0693
550.3022
592.3369
273.1208
416.3367
408.1287
342.2638
391.1283
247.1074
155.0807
386.2898
425.1337
613.2392
331.1433
393.1438
1054.6896

377.1492
281.112
568.3373
342.1073

267.134
394.2949

RT (min)

5.3157
5.0249
5.324
5.324
5.324
5.8226
5.3241
5.324
8.4159
8.9885
0.8031
7.3087
5.3152
6.08
5.3156
5317
1.526
6.1953
5.3159
8.0814
5.3169
5.3161
9.1449

5.3163
2.5847
8.9370
3.0636

1.1521
6.4516

VIP

1.73982
1.78929
1.68952
1.67590
1.64619
1.64685
1.59275
1.56725
1.81812
1.74370
1.79509
1.82732
1.65767
1.73222
1.64617
1.62870
1.58318
1.66734
1.58944
1.56260
1.57713
1.57769
1.48480

1.55403
1.45288
1.54656
1.46831

1.45634
1.64133

Fold change

0.69235
3.72802
0.67378
0.45535
0.58819
0.52641
0.61151
0.68438
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Education LVEF Exercise Outcome of
level sub-type time > 30 SEE
min/day?
3 Male 67 College I HFrEF Yes Improved
6 Male 71 High school 111 HFpEF Yes Improved
8 Male 68 College I HFrEF Yes Improved
10 Male 62 Primary 11 HFpEF Yes Same
14 Male 72 College I HFpEF Yes Improved
15 Male 71 College I HFrEF No Improved
20 Male 61 Primary 111 HFrEF Yes Improved

NYHA, New York Heart Association functional; LVEE, left ventricular ejection fraction; HFrEE heart failure with reduced ejection fraction; HFpEE heart failure with perceived ejection

fraction; SEE, self-efficacy for exercise (a questionnaire from pilot randomized controlled trial).
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Interview guide

1. Tell me about your experiences practicing Baduanjin.

2. How did you experience the exercise learning course?

-What did you think of the coach?

-Did you master the Baduanjin exercise after the course?

3. How do you practice Baduanjin at home?

-What you think of Baduanjin postures?

-What motivated you to practice? Or not to practice?

-Describe whether you have had any unpleasant experiences (like injuries
or pain) or barriers when practicing Baduanjin.

4. What did you think of the effects on your daily life after practicing
Baduanjin? Is it beneficial to you?

-If so, what benefits did you get?

-If not, what might be the reasons?

5. Do you have any suggestions regarding this exercise?
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A Treatment Control SMD Weight B Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%) Study N Mean SD N Mean SD with 95% CI (%)
Zhang L2022 43 4.37 .63 43 583 .79 —— -2.04 [ -2.56, -1.52] 24.30 Zhang L2022 43 1.67 .28 43 3.18 .32 —— L -5.02[-5.88, -4.16] 23.92
Guo RX 2017 60 4.71 .37 60 6.19 .81 —— -2.35[-2.82, -1.89] 24.74 Guo RX 2017 60 1.38 .39 60 221 .24 -2.56 [ -3.05, -2.08] 25.22
WuJH 2016 65 4.02 .77 65 4.38 .97 —Jl—-0.41[-0.76, -0.06] 25.54 WuJH2016 65 1.21 .32 65 1.84 .53 . B -1.441[-1.82, -1.05] 25.45
LiJ 2014 66 5.01 .83 66 6.02 .95 —J— -1.13[-1.50, -0.76] 25.42 LiJ 2014 66 1.27 .31 66 2.03 .49 E B -1.85[-2.26, -1.45] 25.41
Overall e —— -1.47 [ -2.34, -0.60] Overall -2.68[-4.22, -1.15]
Heterogeneity: 1°= 0.74, 1°= 94.26%, H*= 17.43 Heterogeneity: 1°= 2.36, 1°= 97.49%, H*= 39.87
Test of ;= 6;: Q(3) = 53.17, p = 0.00 Test of ;= 6;: Q(3) =60.42, p = 0.00
Testof 8 =0:z=-3.32, p = 0.00 Testof 8=0:z=-3.43, p=0.00

3 2 1 0 6 4 2 )

Random-effects REML model Random-effects REML model

C Treatment Control SMD Weight D Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%) Study N Mean SD N Mean SD with 95% CI (%)
Zhang L2022 43 4.06 .57 43 486 .61 -1.36 [ -1.82, -0.89] 24.36 Zhang L2022 43 .98 .15 43 .81 .16 —— 1.10[ 0.64, 1.55] 24.10
GuoRX 2017 60 3.14 .59 60 4.01 .19 —— -1.98[-2.42, -1.55] 24.70 GuoRX 2017 60 1.21 .34 60 1.17 .34 0.12[-0.24, 0.48] 25.21
WuJH2016 65 21 .59 65 224 .63 —J}--0.23[-0.57, 0.12] 25.58 WuJH2016 65 .98 .09 65 1.04 .13 —— -0.54[-0.89, -0.19] 25.30
Li J 2014 66 3.02 .98 66 4.19 1.01 -1.18 [ -1.55, -0.81] 25.36 Li J 2014 66 1.19 43 66 1.17 .35 0.05[-0.29, 0.39] 25.39
Overall -1.18 [ -1.89, -0.46] Overall 0.17[-0.48, 0.82]
Heterogeneity: 1°= 0.49, I’= 92.21%, H’= 12.83 Heterogeneity: 1°= 0.41, I°’= 91.87%, H’= 12.29
Test of 6;= 6;: Q(3) =41.37, p = 0.00 Test of 6;= 6;: Q(3) = 31.30, p = 0.00
Testof 8 =0:z=-3.22, p = 0.00 Testof 6=0:z=0.51, p=0.61

8 B 1 0 1 0 1

Random-effects REML model

Random-effects REML model
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A Treatment Control Weight B Treatment Control Weight
Study N Mean Mean SD with 95% CI (%) Study N Mean SD N Mean SD with 95% CI (%)
Zhang L2022 43 76.73 1.67 43 4246 7.42 6.37 [ 5.33, 7.41] 13.71 Zhang L2022 43 63.33 3.09 43 91.39 13.76 -2.81[-3.41, -2.22] 13.89
Wang S2021 75 5851 8.78 75 54.12 9.03 0.49[ 0.17, 0.82] 14.50 Wang S2021 75 179.25 30.45 75 190.83 30.89 -0.38[-0.70, -0.05] 14.78
Guo RX 2017 60 7461 11.14 60 4413 6.74 3.31[ 2.76, 3.86] 14.33 GuoRX 2017 60 5129 16.19 60 94.79 12.71 -2.99[-3.51, -2.47] 14.18
RenXJ2016 20 759 153 20 486 137 1.88[ 1.14, 2.62] 14.13 Ren XJ 2016 20 56.3 14.5 20 783 124 -1.63[-2.35, -0.92] 13.39
Teng YH2016 85 66.27 11.49 85 57.29 9.43 0.85[ 0.54, 1.17] 14.51 TengYH2016 85 6209 7.25 85 7152 8.58 -1.19[-1.51, -0.86] 14.77
Wu CX 2014 45 62.63 15.51 45 58.98 14.47 0.24[-0.17, 0.66] 14.44 WuCX2014 45 5997 6.21 45 64.71 9.35 -0.60[-1.02, -0.17] 14.50
Li J 2014 66 7267 11.34 66 4153 7.97 3.18[ 2.66, 3.69] 14.37 LiJ 2014 66 66.26 14.1 66 9579 13.73 -2.12[-2.55, -1.70] 14.49
Overall 2.30[ 0.73, 3.88] Overall -1.66 [ -2.42, -0.89]
Heterogeneity: 1°= 4.42, I°= 98.75%, H*= 80.28 Heterogeneity: 1°= 1.00, I’= 95.30%, H*= 21.27

Test of 6;= 6;: Q(6) = 252.19, p = 0.00
Testof 6=0:z=2.86, p=0.00

Random-effects REML model

Test of 6;= 6;: Q(6) = 122.40, p = 0.00
Testof 6 =0:z=-4.25,p=0.00

Random-effects REML model
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Effect

%

Sample size and author (year) (95% Cl) Weight
8
He etal. (2018) o -2.81(-4.24,-1.38) 497
Yan et al.(60mg/kg) (2015) —— -4.67 (-6.65, -2.68) 4.40
Yan et al.(120mg/kg) (2015) — -4.37 (-6.26, -2.48) 4.50
Yan et al.(240mglkg) (2015) —— 12,14 (-16.75,-7.54)  2.16
Zhang et al.(10mg/kg) (2017) | == -1.71(-2.88, -0.54) 5.21
Zhang et al.(40mg/kg) (2017) - -2.68 (-4.07, -1.28) 5.01
Sun et al.(300mg/kg) (2014) - -1.95 (-3.16,-0.73) 517
Sun et al.(101mgrkg) (2014) - -4.73 (-6.74, -2.72) 4.38
Subgroup, DL (I =77.1%, p = 0.000) ¢ -3.62 (-4.85, -2.38) 35.81
6 :
Huang et al. (2021) —— 417 (46.32, -2.02) 4.23
Wang et al.(25mglkg) (2018) | -0.46 (-1.61, 0.69) 5.23
Wang et al.(50mg/kg) (2018) ! 0.67 (-0.50, 1.84) 5.21
Wang et al.(100mg/kg) (2018) — -3.98 (-6.06, -1.90) 431
Subgroup, DL (I = 87.9%, p = 0.000) I<> -1.82 (-4.02, 0.38) 18.98
1
<6 1
Wang et al(7.5mglkg). (2021) — -6.96 (-10.58, -3.33) 284
Wang et al(15mg/kg). (2021) =t i -14.39 (-21.55, -7.23) 1.15
Wang et al(30mg/kg). (2021) —_— 1141 (-17.14,-569)  1.61
Wu et al. (2022) —— -6.50 (-9.91, -3.08) 3.01
Wang et al (2013) —_— -9.30 (-15.93, -2.66) 1.29
Subgroup, DL (I = 28.5%, p = 0.232) < | -8.61 (-11.19, -6.04) 9.90
1
210 4
Wei et al.(2.5mg/kg) (2019) | -0.80 (-1.69, 0.09) 5.43
Wei et al.(5mg/kg) (2019) - -4.07 (-5.62, -2.52) 4.85
Wei et al.(10mg/kg) (2019) - -5.82 (-7.81,-3.83) 4.40
Yao et al.(50mglkg) (2019) | - -1.43 (-2.43,-0.44) 5.36
Yao et al.(100mg/kg) (2019) b ol -2.82(-4.09, -1.55) 5.12
Yao et al.(200mglkg) (2019) —— 4.57 (. 4.67
Lietal. (2014) I+ -2.35 (-3.16, -1.53) 5.49
Subgroup, DL (I = 84.2%, p = 0.000) < 2.94(-4.08,-179) 3532
1
Heterogeneity between groups: p = 0.000 '
Overall, DL (I = 84.7%, p = 0.000) o -3.60 (-4.45,-2.74)  100.00
U intervention control U

20

20
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Treatment Control Risk ratio Weight

Study Yes No Yes No with 95% CI (%)
Zhang L 2022 40 3 34 9 i, 1.18[0.99, 1.40] 6.14
Huang L 2021 62 &5 B2 15 1.19[1.03, 1.38] 9.40
Wang S 2021 66 9 55 20 1.20[1.02, 1.41] 9.94
Wang Z 2020 af 2 31 @8 1.19[1.00, 1.42] 5.60
Sun J 2018 59 4 47 16 1.26[1.07, 1.47] 8.49
Guo RX 2017 55 5 43 17 1.28[1.07, 1.53] 7.77
Zhang SL 2017 43 2 35 10 1.23[1.04, 1.45] 6.32
Teng YH 2016 79 6 69 16 B 1.14[1.02, 1.29] 12.47
Wu HJ 2016 59 6 47 18 1.26[1.06, 1.49] 8.49
Chen YY 2014 83 7 68 22 1.22[1.07, 1.39] 12.29
Jiang B 2014 33 2 26 4 1.09[0.92, 1.28] 5.06
LiJ 2014 64 2 41 15 1.32[1.12, 1.56] 8.02
Overall < 1.21[1.16, 1.27]

Heterogeneity: I = 0.00%, H* = 1.00
Testof 8,=6;: Q(11)=4.72, p=0.94
Testof 6=0:z=8.39, p=0.00

Fixed-effects Mantel-Haenszel model
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A

Treatment Control SMD Weight Treatment Control SMD Weight

Study N Mean SD N Mean SD with 95% CI (%) Study N Mean SD N Mean SD with 95% ClI (%)
Hypertension Hypertension

Zhang L 2022 43 1316 63 43 1385 8.1 -0.95[-1.40, -0.50] 5.85 Zhang L 2022 43 812 53 43 879 69 —— -1.09[-1.54, -0.64] 5.80
Huang L 2021 67 12831 10.59 67 136.1 13.5 —- -0.64[-0.99, -0.29] 6.10 Huang L 2021 67 851 9.09 67 9233 838 -0.81[-1.16, -0.46] 6.01
Wang S 2021 75 1448 71 75 1506 7.9 —- -0.77[-1.10, -0.44] 6.14 Wang S 2021 75 788 82 75 852 91 -0.74[-1.07, -0.41] 6.05
Geng F 2020 41 13438 511 41 141.02 7.73 -1.01[-1.47, -0.55] 5.81 Geng F 2020 41 8212 408 41 8833 442 —— -1.46[-1.95, -097] 5.72
Guo RX 2017 60 13279 331 60 14154 429 —l— -2.28[-2.74, -1.82] 5.81 Guo RX 2017 60 82.78 4.07 60 89.07 245 —jl— -1.87[-2.30, -1.44] 5.85
Ren XJ 2016 20 1357 71 20 1388 75 —l— -042[-1.05, 0.20] 5.31 Ren XJ 2016 20 815 83 20 855 92 -0.46[-1.08, 0.17] 5.36
Teng YH 2016 85 1305 76 85 1388 85 -1.03[-1.35, -0.71] 6.17 Teng YH 2016 85 855 42 85 902 47 - -1.05[-1.38, -0.73] 6.07
Wu JH 2016 65 134.85 14.66 65 145.68 18.45 —- -0.65[-1.00, -0.30] 6.09 Wu HJ 2016 65 87.87 10.64 65 89.76 11.21 —- -0.17[-0.52, 0.17] 6.02
Tian MY 2015 75 1324 42 75 1396 4.8 —- -1.60[-1.96, -1.23] 6.06 Tian MY 2015 75 824 3175 896 42 -1.95[-2.34, -1.56] 5.94
Wu CX 2014 45 129.22 9.71 45 130.37 14.16 —Jl—-0.09[-051, 0.32] 5.94 Wu CX 2014 45 77.6 10.55 45 79.84 10.85 —— -0.21[-0.62, 0.21] 5.88
Heterogeneity: 7= 0.32, I°= 88.92%, H*= 9.03 < -0.95[-1.32, -0.57] Heterogeneity: 1°= 0.35, I°= 89.69%, H’= 9.70 T -0.98 [ -1.37, -0.59]

Test of = 6 Q(9) = 70.51, p = 0.00 Test of ;= 8, Q(9) = 84.56, p = 0.00

Isolated systolic hypertension Isolated systolic hypertension

Wang Z 2020 39 13225 326 39 14027 385 —— -2.25[-2.82, -1.68] 5.50 Wang Z 2020 39 7339 131 39 745 1.15 — -0.90[-1.37, -0.43] 5.77
Sun J 2018 63 13548 4.2 63 14372 336 —— -217[-2.61, -1.73] 5.87 Sun J 2018 63 76.73 6.84 63 7625 6.32 - 0.07[-0.28, 0.42] 6.01
Zhang SL 2017 45 131.86 15.62 45 141.55 16.05 —J— -061[-1.03, -0.19] 5.92 Zhang SL 2017 45 7587 9.25 45 72.06 7.33 —Jll— 046 0.04, 0.88] 5.87
Zhu SJ 2016 43 1276 31 43 1392 62 —— -2.37[-2.92, -1.82] 5.55 Zhu SJ 2016 43 752 81 43 723 92 ~—— 033[-0.09, 0.76] 5.86
Chen YY 2014 90 1314 126 90 1459 128 -1.14[-1.46, -0.83] 6.18 Chen YY 2014 90 737 128 90 732 123 B 0.04[-0.25, 0.33] 6.11
Jiang B 2014 35 1229 127 —— -0.53[-1.03, -0.03] Jiang B 2014 35 674 30 687 6.9 03— -0.17[-0.66, 0.31] 5.71
Lu F 2013 57 129.6 138.6 -1.05[ -1.44, -0.66] LuF 2013 57 757 58 70.7 106 —J— 053[ 0.16, 0.91] 5.97
Heterogeneity: 7= 0.56, I°= 91.89%, H’= 12.33 -1.43[-2.01, -0.85] Heterogeneity: 1°= 0.18, I°= 81.89%, H’= 5.52 < 0.06 [-0.29, 0.41]

Test of 8,= 8;: Q(6) = 62.00, p = 0.00 Test of 6= 6,: Q(6) = 28.31, p = 0.00

Overall -1.14 [ -1.48, -0.81] Overall - -0.55[-0.92, -0.19]

Heterogeneity: 7°= 0.44, I’= 91.11%, H’= 11.24
Test of 6,= 8;: Q(16) = 145.82, p = 0.00

Test of group differences: Q,(1) = 1.88, p = 0.17

Random-effects REML model

Heterogeneity: 1°= 0.55, I°’= 93.22%, H’= 14.75
Test of 6,= 8, Q(16) = 228.42, p = 0.00
Test of group differences: Q,(1) = 15.28, p = 0.00

Random-effects REML model

o+
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Function Radiotherapy/ Traditional Molecular mechanisms Research type  References

Chemotherapy Chinese medicine
Anti-oxidative Stress Radiotherapy STS ROS and MDA reduction, Increase SOD  in vitro (48,49)
AS-AM Inhibition of TGF-p/Smad invivo, in vitro (51-53)
Chemotherapy SAL ROS reduction in vivo, in vitro (57, 58)

(Anthracyclines)

150 ROS reduction invitro (59)
AS-IV Reduction of Nox2, Nox4 invivo, in vitro (61)
Tanl activates Nrf2 in vivo, in vitro (65)
DSS regulating Keap1-Nrf2/NQO1 in vivo (66)
CDDP Reduces ROS, MDA, activates Nrf2 invivo ©7)
Dioscin Regulates ROS, activation of Nrf2 invivo (68)
50J Increases SOD, CAT, GSH-P, decreases  in vivo (70)
MDA, and inhibits OS
XML Increases MDA, SOD invitro @
RES ROS reduction invitro (72)
Crocin ROS MDA and TOS reduction, increase  in vitro (73)
TAC
PAP-3.2KD Inhibition of TGF-p/Smad invivo 75)
L Upregulates TIMP-1/2/3 invivo (76)
Chemotherapy QUE Reduces ROS levels invivo, in vitro 79)
(non-anthracycline)
Chrysin Increases SOD, CAT, and GSH, invivo 79)

decreases MDA

CMN+BC Decreases MDA, increases CAT and invivo (80)
SoD
CMN-+piperine Increases SOD and CAT invivo (81,82)
ICA Regulates GSH-Px, CAT, SOD, and in vivo, in vitro (83)
MDA
Rutin Increases MDA blocking and decreases  in vivo (89)
(GSH levels
QUE Regulates Nif2 invitro (85)
SalB. Regulates Nrf2 invitro (86,87)
Lut Regulates Nrf2 invitro (88)
TMYXP Regulates Nif2/HO-1, p38 MAPK invivo, in vitro (89)
Anti-inflammatory Chemotherapy DHT Decreases NF-kB invivo, in vitro ©2)
DXXK Reduces ROS levels; downregulates invivo, in vitro ©3)
NE-«B p65
SXT Inhibit NF-B invitro ©19)
CAR Decreased NF-xB invivo ©5)
CMN Decreased NF-kB invivo 96)
YQEM Decreased NF-kB invivo ©7)
PQS NEF-«B inhibition and regulation of in vivo 98)
PI3K/Akt
ca Inhibit NLRP3 invivo, in vitro ©9)
RES Inhibit NLRP3 invivo (100)
Reduced apoptosis Radiotherapy STS Downregulates P38,caspase-3, invitro (49)
upregulates P ERK1/2 and Bax
DBD Reduces Fasl/TNF-o invivo (105)
Chemotherapy Ginsenoside Rgl Increases in Akt, Erk, Bel-2/Bax. invivo (106)
(anthracyclines) Decreases Cyt-c
Ginsenoside Rbl Decreases caspase-3 and caspase-8. invitro (107)
SMAE Modulated ERK/p53/Bcl-xL/caspase-3  in vitro (108)
SalB Promoted Bel-2 invivo (109)
QYDP Upregulates Bax, downregulates Bel-2  in vivo (110)
AS-AM Downregulates Bax, Caspase-3, invitro (111-113)

Caspase-12, and upregulates Bel-2

Paconol Upregulated Bel-2 and mitochondrial in vivo (114)
Cytc, downregulated Bax, caspase-3,
and cytoplasmic-Cyte

Panax ginseng Regulates MAPK invitro (116)

glycoproteins

DB JNK1/2 invitro 7)
SYKT Inhibits p53, MAPK invitro (118, 119)
sMI Decreases Bax/Bcl-2 and Caspase-3 in vivo, in vitro (120, 123)
levels; increases PI3K, p-Akt, p-GSK-38,
AMPK
Cts Regulation Akt-GSK-3p-mPTP invitro (121)
RES Regulates AMPK invitro (124)
Matrine Regulates AMPK in vivo, in vitro (125)
Higenamine ROS reduction, AMPK inhibition in vivo, in vitro (126)
Chemotherapy OIE ROS inhibition invivo (127)
(non-anthracyeline)
Maltol ROS reduction invitro (128)
Regulation of autophagy Chemotherapy DBD Activates PI3K invivo (134)
(anthracyclines)
QSHWC Regulates PI3K/Akt, MAPK, MAPKS,  in vivo, in vitro (135, 136)
FOXO, LC3
QL Regulates PISK/AKT/mTOR invivo (137)
RES Regulates AMPK/mTOR/UIK1 invitro (138)
sM1 Regulates miR-30a/Beclin1, JNK invivo, in vitro (142, 143)
Ginsenoside Rgl Downregulates LC3, Atg5, JNK 1, Beclin ~ in vivo (144)
1
cA Ag7 invivo (145)
XML Downregulates Beclin 1, Atg7, P38, invivo (146)
Exk1/2; upregulates PKB/AKt, PI3K,
Bal-2
Inhibition of endoplasmic  Chemotherapy BYD Reduces GRP7S, PERK, elF20, CHOP  in vivo (149)
reticulum stress (anthracyclines)
Improves myocardial energy  Chemotherapy QUE Regulates AMPK, PPAR in vivo, in vitro (152)
metabolism (Anthracyclines) Astragalus PPARy in vitro (153)
membranaceus Bunge
Taraxacum mongolicum  Activates P-gp in vivo, in vitro (154)

Hand.-Mazz. aqueous

extract

one Ia sodium sulfonate; AS-AM, Angelica Sinensis and Astragalus membranaceus Bunge Ultrafiltration Extract; SAL, Salidroside; 1O, Isoorientin; AS-1V; Astragaloside IV;
an 1, Tanshinone I; DSS, Danshensu; CDDP, Compound Danshen Dripping Pill; SOJ, Steroidal saponins extract from Ophiopogon japonicus (Thunb.) Ker Gawl root; XML, Xinmailong
i Resveratrol; PAP-3.2KD, Pilose antler Peptide-3.2KD; SLJ, Shenlijia; QUE, Quercetin; CMN, Curcumin; BC, B-carotene; ICA, Ieariin; SalB, Salvianolic acid B; Lut, Luteo
TMYX, Tongmai Yangxin Pills; DHT, Dihydrotanshinone s DXXK, Di'ao Xinxuckang capsule; SXT, Shengxian decoction; CAR, Cardamom; YQFM, Yiqi Fumai lyophilized inject
PQS, Panax quinqucfolius; CA, Calycosin; DBD, Danggui Buxue decoction; SMAE, Salvia miltiorrhiza aqueous extract; QYDP, Qishen Yiqi Dropping Pills; DB, Diethyl blechnic; SYK
Sanyang Xuedai; SMI, Shenmai Injection; Cts, Cryptotanshinone; OIE, Oroxylum; QSHWC, Qishen Huanwu Capsule; QL, Qiligiangxin; BYD, Baoyuan decoction; ROS, Reactive oxygen
; MDA, Malondialdehyde; SOD, Superoxide dis B, Transforming growth factor-f; Smad, Small Mothers Against Decapentaplegic; Noxs, NADPH oxidases; Nrf2,
Nuclear factor erythroid 2-related factor 2; Keap-1, Recombinant Kelch Like ECH Associated Protein 1; HO-1, Heme Oxygenase 1; CAT, Catalase; GSH-PX, Glutathione peroxidase;
08, Oxidative stress Potal oxidant status; otal antioxidant capacity; TIMP, Matrix-metalloproteinase inhibitor; MAPK,

factor kappa-B; PISK/AKT, phosphatidylinosi efs inase; NLRP3, Sirtuin] (Sirt1)-nod-Ji

ERKI/2, Extracellular signal-regulated kinases1/2; Bax, Bel-2 associated X; Bel-2, B-cell lymphoma-2; Fasl/ TNF-g, Fas ligand/tumor necrosis factor-a; Cyt-c, Cytochrome C; JNKs, C-Jun-
terminal kinases; GSK-38, Glycogen synthase kinase 3 beta; AMPK, Adenosine monophosphate-activated protei XO, Forkhead Box O; LC3, Light chain-3; mTOR, Mechanistic
‘Target Of Rapamycin; ULK1, Une-51-like autophagy activated kinase 1; Atg, Autophagy-related genes; miR, microRNAs; GRP78, Glucose regulated protein7s; PERK, The stress protein
ase Relike endoplasmic reticulum kinase; elF2q, Eukaryotic tran: ation factor 2-alpha; CHOP, C/EBP homologous protein; PPAR, Peroxisome proliferator-activated receptors
P-gp, P-glycoprotei

inase; NF-xB, Nuclear

gen-activated protein

e-threonine prote

e receptor protein 3 Cas e aspartate protea
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Forward (5™-3')
CCCCTACATTTGGAGCCTGG

Reverse (3™-5')
TTGCGACCCACGTAGTAGAC

GGTCCAGAGAGTCGGCAAGT

GGAGCAGCTCTCTGGGTTGT

TCCAAGGACAGAAGACTGAACT

TGGAAGCTTCTACAATGCTCTT

AAGACAGGGGAGCAGACG

GGTGGCAAGAAGGTGGAG

ACGAACGGACCTGTGGACCTG

GTTTCGGCTTTCCAGTCAGACTCC

GACGCATCCACCAAGAAGCTGAG

GCTGCCACACGGAAGAAGACC

TGGAGAGCGTCAACAGGGAGATG

GGTGTGCAGATGCCGGTTCAG





OPS/images/fcvm-09-1038480/fcvm-09-1038480-t001.jpg
Study

Zhang and Li (29)
Huang and Xiao (30)
Wangetal. (31)
Gengetal. (32)
Wang (33)
Sun et al. (34)
Guo (35)
Zhang (36)
Ren et al. (37)
Teng et al. (38)
Wu et al. (39)
Zhu (40)
Tian (41)
Chen and Liu (42)
Jiang et al. (43)
Wu et al. (44)
Lietal. (45)
Luetal. (46)

Sample size (T/C)
43 43
67 67
75 75
41 41
39 39
63 63
60 60
45 45
20 20
85 85
65 65
43 43
75 75
2 90
35 30
45 45
66 66
57 58

Mean age (years) (T/C)

69.2+ 3.6 69.7 £3.2
66.6 = 4.8 66.2 £ 5.6
702+ 4.2 699 +4.4
71.44 £ 3.05
68.71 £ 2.86 69.24 £2.78
61.32£5.71 60.74 & 5.36
61 £3.12 62+ 1.17
69.94 £ 8.12 69.76 £ 8.01
66.83 £ 2.35 67.93 £ 2.44
69.8 £ 6.1 69.2+59
71.28 £9.04 71.76 £ 8.28
708 £3.7 748 £5.1
63.7+£53 64.1+49
72.6 £5.6 71.9£5.8
66.23 £ 5.02 66.35 £ 5.86
49.93 +3.49 48.34 £4.25
67.4+4.32 669 +4.3
67.98 £ 11.05 68.78 +10.26

Intervention (T/C)

49 H 9993999395999 453+49++5+438+3

K+
K+
K+
K+
K+
K+
K+
K+
K+
K+
K+
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K+
K+
K+
K+
K+

RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/
RT/

RT/

RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT

Duration (weeks)

B oo o

Outcomes
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T, treatment group (TK group); C, control group (RT group); TK, tonifying kidney treatment; RT, routine treatment; ® clinical efficacy rate; @ blood pressure; @ blood lipids; @ vascular
endothelial function; ® TCM syndromes.
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Outcomes Trials Samplesize SMD/RR 95% CI Z P I? (%) P for heterogeneity

Clinical efficacy rate 12 1,451 1.21 (1.16, 1.27) 8.39 0.00 0.00 0.94
Blood pressure

HTN SBP 10 1,152 —0.95 (—1.32,-0.57) —4.94 0.00 88.92 0.00
ISH SBP 7 740 —1.43 (—2.01,—0.85) —4.83 0.00 91.89 0.00
HTN DBP 10 1,152 —0.98 (-1.37,-0.59) —4.91 0.00 89.69 0.00
ISH DBP 7 740 0.06 (—0.29,0.41) 0.35 0.72 81.89 0.00
Blood lipids

TC 4 468 —1.47 (—2.34,-0.60) —3.32 0.00 94.26 0.00
TG 4 468 —2.68 (—4.42,-1.15) —343 0.02 97.49 0.00
LDL-C 4 468 —1.18 (—1.89, —0.46) —3.22 0.00 92.21 0.00
HDL-C 4 468 0.17 (—0.48,0.82) 0.51 0.61 91.87 0.00
Endothelial function

NO 7 788 2.30 (0.73, 3.88) 2.86 0.00 98.75 0.00
ET-1 7 788 —1.66 (—2.42,-0.89) —4.25 0.00 95.30 0.00
TCM symptom

Headache dizziness 4 524 —3.24 (—5.84, —0.64) —2.44 0.01 99.11 0.00

Soreness and weakness of waist and knees 4 524 —2.30 (—4.33,-0.27) —2.22 0.03 98.93 0.00
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A Treatment Control SMD Weight B Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% ClI (%) Study N Mean SD N Mean SD with 95% ClI (%)
Huang L2021 67 1.09 .31 67 1.54 .57 B -098[-1.34, -0.62] 25.25 Huang L2021 67 1.18 .42 67 1.67 .51 B -1.05[-1.41, -0.69] 25.25
Wang S 2021 75 185 .24 75 204 .15 B -095[-1.29, -0.61] 25.26 Wang S 2021 75 1.81 3 75 212 .23 B -1.16 [ -1.51, -0.81] 25.27
Zhang SL 2017 45 .88 .1 45 1.82 .21 —— -5.72[-6.65, -4.78] 24.57 Zhang SL 2017 45 .86 .09 45 1.89 .25 —— -5.48[-6.38, -4.58] 24.24
TianMY 2015 75 .71 .08 75 1.36 .15 —- -5.41[-6.10, -4.72] 24.92 TianMY 2015 75 1.24 .31 75 2.08 .66 . 3 -1.63[-2.00, -1.26] 25.24
Overall ————— | -3.24 [ -5.84, -0.64] Overall ——ll— | -2 30 [ -4.33, -0.27]
Heterogeneity: 1°= 6.95, 1°= 99.11%, H’= 112.85 Heterogeneity: 1= 4.22, 1°= 98.93%, H’= 93.54
Test of 6= 6;: Q(3) =216.54, p = 0.00 Test of 6,= 6;: Q(3) = 85.16, p = 0.00
Testof 6=0:z=-2.44, p = 0.01 Testof 6=0:z=-2.22, p=0.03

PRVE PRI

Random-effects REML model

Random-effects REML model






