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Background: Dyslipidemia is a critical driver in the development of coronary heart disease (CHD), which further exacerbates the risk of major adverse cardiovascular events (MACEs). Chinese herbal medicine (CHM) plays an important role in the regulation of lipid levels and improvement of prognosis. However, few systematic reviews report whether the efficacy of CHM therapy for regulating lipid levels and lowering cardiovascular events is associated with baseline lipid levels.



Methods: Randomized controlled trials assessing efficacy of CHM for lipid profiles and MACEs among patients with CHD were searched in six databases. Two authors independently extracted studies according to a predesigned form. Cochrane risk of bias tool and Grading of Recommendations Assessment, Development, and Evaluation system were used to assess the methodological quality of the included studies. The primary outcomes were blood lipid levels and MACEs including cardiovascular mortality, non-fatal myocardial infarction, revascularization, angina pectoris, heart failure, and non-fatal stroke across baseline lipid levels. The secondary outcomes were individual components of the primary outcomes.



Results: A total of 23 trials with 7,316 participants were included in this study. Altogether 377 cardiovascular events occurred in 3,670 patients in the CHM group, while 717 events occurred in 3,646 patients in the Western medicine–alone group. Compared with the Western medicine alone, additional CHM significantly lowered low-density lipoprotein cholesterol (LDL-C) [MD = −0.46, 95% CI (−0.60 to −0.32), P < 0.00001, I2 = 96%]. The risk reduction in MACEs associated with CHM vs. Western medicine therapy was 0.52 [95% CI (0.47–0.58), P < 0.00001, I2 = 0%], but varied by baseline LDL-C level (P = 0.03 for interaction). Triglycerides (TG) level was also significantly lowered by additional CHM vs. Western medicine alone [MD = −0.27, 95% CI (−0.34 to −0.20), P < 0.00001, I2 = 81%], and risk reduction for MACEs also varied with baseline TG, with greater risk reduction in higher baseline TG subgroups (P = 0.03 for interaction). Similar results were observed with total cholesterol and high-density lipoprotein cholesterol.



Conclusion: Compared with Western medicine alone, additional CHM was associated with lower risk of cardiovascular events and improvement of lipid profiles. Risk reduction for cardiovascular events was associated with baseline LDL-C and TG levels.



Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO, identifier CRD42023425791.
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1 Introduction

Coronary heart disease (CHD) is a major contributor to the global disease burden because of its high morbidity and mortality (1). An epidemiological study has shown that the population of this disease 42 were 197 million, and ultimately led to 9.14 million deaths in 2019, a 50.4% increase from 1990 (2). Lipid metabolism disorder has been considered as the pathological basis of atherosclerosis, and thus CHD, and also a risk predictor for prognosis in patients with CHD (3, 4). Evidence has proven that a high cholesterol level is a causal factor for cardiovascular events, and active pharmacological therapy for hypercholesterolemia could actually alleviate the pathologies of CHD (5, 6). Recent data from meta-analysis showed a 23% relative reduction in cardiovascular risk per mmol/L reduction in low-density lipoprotein cholesterol (LDL-C) (7), and triglycerides (TG) lowering is associated with about half the cardiovascular risk reduction per mmol/L (8).

Evidence has shown that Western medicine mainly reduces the occurrence of cardiovascular events by lowering the level of LDL-C in patients with CHD (9, 10), and by using antiplatelets regularly and controlling other risk factors to relieve atherosclerosis. Although the current treatments for CHD have been consummate, and are constantly being updated with the deepening research, there are still residual cardiovascular risks (11). Therefore, novel treatments that can control blood lipids, stabilize arterial plaque, diminish adverse effects, and reduce cardiovascular events are urgently needed. Chinese herbal medicine (CHM) is a holistic approach characterized by the overall adjustment and differentiation of syndromes, and has a long history in the treatment of CHD. Many clinical trials have confirmed that CHM plays an important role in cardioprotective function and regulation of lipid levels (12, 13). Simultaneously, the cardiovascular outcome benefits were observed (14). Although there have been meta-analysis confirming that CHM could reduce blood lipids and cardiovascular events, few studies report whether the risk reduction of cardiovascular events is associated with baseline lipid levels and the magnitude of lipid reduction. Thus, the purpose of this systematic review was to elucidate the efficacy of CHM therapy for regulating lipid levels and lowering cardiovascular events across baseline lipid levels and magnitude of lipid reduction among CHD.



2 Methods


2.1 Study registration

This systematic review was conducted and reported according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Guideline) statement (15). The protocol was registered in PROSPERO (https://www.crd.york.ac.uk/PROSPERO), and the registration number is CRD42023425791.



2.2 Search strategy and study selection

Published articles searches were performed by two independent authors (LX and JL) using the following databases: PubMed, Web of science, Cochrane library, China National Knowledge Infrastructure (CNKI), Wanfang Database, and Chinese Scientific Journals Database (VIP), up to 18 December 2022. Search terms such as “coronary heart disease”, “myocardial infarction”, “traditional Chinese medicine”, “lipid”, “LDL-C”, “HDL-C”, “cholesterol”, “triglyceride”, “randomized controlled trial”, and their synonyms were applied in the search strategy. Detailed search strategies can be found in the Supplementary Material S1. The frequency statistics of single CHM was conducted to determine the commonly used drugs.



2.3 Inclusion and exclusion criteria

The main inclusion criteria were as follows: (1) All participants were diagnosed with CHD; (2) Randomized controlled clinical trials included at least 30 patients in each group; (3) Treatments including conventional Western medicine (i.e., antiplatelet, stable plaque, improve ventricular remodeling, etc.) were used in both the control and intervention group, and oral Chinese medicine was administered in the intervention group; and (4) Outcomes of interest involved blood lipid parameters and cardiovascular events.

The exclusion criteria were as follows: (1) Oral Chinese medicine was used in the control group or non-oral Chinese medicine was used in the CHM group; (2) Non-clinical research, review, meta-analysis, and non-core journals; (3) Studies with incomplete information.



2.4 Study selection and data extraction

The retrieved studies were extracted by two authors (LX and XW) independently following the inclusion and exclusion criteria and included the following details: title, first author, document source, year of publication, sample size, age, gender, disease, interventions, course of treatment, follow-up time, and outcome indicators. Any disagreements were settled through consultation with the third author (BL).



2.5 Outcomes

The primary outcomes were blood lipid parameters [LDL-C, TG, total cholesterol (TC), and high-density lipoprotein (HDL)] and major adverse cardiovascular events (MACEs) including cardiovascular mortality, non-fatal myocardial infarction, non-fatal stroke, angina pectoris, heart failure, and revascularization (percutaneous coronary intervention or coronary artery bypass graft surgery). The secondary outcomes were individual components of the primary outcomes.



2.6 Quality assessment

The methodological quality of the selected studies was assessed by two authors (LXH and JJ) separately according to the seven-item checklist of the Cochrane risk of bias tool (16). The studies that included sufficient domain information were regarded as low risk, while studies with inadequate information were considered as unclear risk. In addition, evaluations were also conducted based on the loss to follow-up and comparability between groups. Furthermore, the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) approach was used to assess the quality of evidence for primary outcomes (17). We followed the GRADE handbook to conduct the quality assessment, and the GRADEpro Guideline Development Tool (GDT) was used to generate the results (18). Any disagreements were settled through consultation with the third author (JiaL).



2.7 Data analysis and synthesis

Statistical analyses were conducted using Review Manager (RevMan) version 5.4 (The Cochrane Collaboration, 2020). The rate ratios (RR) and weighted mean difference (WMD) were applied to analyze the dichotomous data and continuous data. The heterogeneity across the included studies was measured by I2 statistic and Cochran's Q-test. I2 > 50% or P < 0.05 was considered as having statistically significant heterogeneity.



2.8 Publication bias, subgroup, and sensitivity analysis

Publication bias was detected by funnel plots and Egger's test. To explore the potential source of heterogeneity, the meta-regression analyses, subgroup (Age: <60, ≥60; Statins: used statins, not used statins; course of treatment: <6, 6–12, ≥12 months; type of disease: post-PCI, CCS, ACS) analyses, and sensitivity analysis by omitting one trial at a time were performed as there was significant heterogeneity.




3 Results


3.1 Literature search

A total of 1,624 records were initially identified, of which 114 were duplicated. Subsequently, 1,182 were excluded after carefully screening titles and abstracts because they were (1) review, meta-analysis, meeting abstract, and irrelevant literatures; (2) CHM in control or non-oral CHM in trial group; and (3) non-clinical study. Further, 305 were excluded after reviewing the full text because: (1) the sample size was less than 30; (2) no lipid parameters and cardiovascular events were recorded; and (3) CHM was used in the control group. Ultimately, 23 studies were identified to be eligible and subsumed in the meta-analysis (Figure 1).


[image: Figure 1]
FIGURE 1
Flow diagram of articles selection procedures.




3.2 Study characteristics

Of the selected studies, 22 were published in Chinese and 1 in English between 2004 and 2022. The baselines of all the studies were comparable. A total of 7,316 participants were included, with 3,670 participants in the CHM group and 3,646 in the control group. The subjects of CHD included stable angina (SA), unstable angina (UA), acute coronary syndrome (ACS), myocardial infarction (MI), non-ST segment elevation myocardial infarction (NSTEMI), ST segment elevation myocardial infarction (STEMI), variant angina pectoris (VAP), post-percutaneous coronary intervention (post-PCI), and borderline lesion CHD. Twenty-two out of the 23 trials were conducted for comparisons of CHM combined conventional treatment therapy vs. a conventional treatment alone (19–40), one trial performed the comparisons of CHM therapy vs. a placebo (41). The CHM in the intervention group was administered orally (decoction, tablets, capsules, granules, or pills). The duration of follow-up varied from 15 days to 4.5 years. The levels of LDL-C were reported in 23 studies, the levels of HDL-C in 17 studies, the levels of TG in 20 studies, and the levels of TC in 20 studies. The overall characteristics are provided in Table 1.


TABLE 1 Characteristics of the included studies.
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3.3 Study quality

All 23 included studies met the criterion of random allocation, 12 of the included 23 studies reported using a random number table, one applied random numbers generated by a computer, and 10 studies used randomization without providing methodological details. In addition, one study was conducted with blinding of participants and personnel, one study was conducted with blinding of outcome assessment, and four studies did not report the prespecified outcomes—the details are shown in Supplementary Material S2. Furthermore, the results of GRADE analysis demonstrated low confidence in the findings on CHM for lipid levels and CHM for MACEs stratified by lipid levels, the details are shown in Supplementary Material S2.



3.4 Efficacy of CHM on lipid profiles


3.4.1 LDL-C levels

As presented in Table 1, 23 studies reported the LDL-C levels as the outcome measure. A significant difference was displayed in favor of CHM for lowering LDL-C levels compared with Western medicine treatment [MD = −0.46, 95% CI (−0.60 to −0.32), P < 0.00001, I2 = 96%]. The reduction in LDL-C levels did not appear to be influenced by the baseline LDL-C level. The subgroup analysis according to baseline LDL-C level showed consistent LDL-C lowering effect of CHM across baseline levels of 2.59 mmol/L or greater (Pinteraction = 0.59) (Figure 2). Furthermore, the efficiency of CHM for lowering LDL-C levels displayed significant heterogeneity in different subgroups. To find the potential source of heterogeneity, we conducted a meta-regression analysis and found that the heterogeneity might not be attributable to age, statin used, course of treatment, and type of disease (Supplementary Material S3). Deleting one trial at a time in the sensitivity analysis did not significantly reduce the heterogeneity except the trial of Dai (34), which slightly reduced the heterogeneity (I2 = 74.6%, P = 0.008) (Supplementary Material S4). It should be noted that the trial of Dai was different from that of others, with an LDL-C below 1.8 mmol/L.


[image: Figure 2]
FIGURE 2
CHM for LDL-C level by baseline LDL-C level.




3.4.2 TG levels

TG levels were reported as the outcome measures in 20 studies. A significant difference was found in favor of CHM for lowering TG levels compared with Western medicine treatment [MD = −0.27, 95% CI (−0.34 to −0.20), P < 0.00001, I2 = 81%]. Subgroup analysis according to baseline TG level showed consistent TG lowering effect of CHM across the baseline subgroup (Pinteraction = 0.40) (Figure 3). The efficiency of CHM for regulating TG levels displayed significant heterogeneity in different subgroups. The meta-regression analysis showed that the heterogeneity might be attributable to the course of treatment: <6 months [16 trials, MD = −0.27, 95% CI (−0.34 to −0.19)] vs. 6–12 months [2 trials, MD = −0.50, 95% CI (−0.64 to −0.36)] vs. ≥12 months [2 trials, MD = −0.16, 95% CI (−0.25 to −0.07)], P = 0.0003 for interaction, and might not be attributable to age, statin used, and type of disease (Supplementary Material S3).


[image: Figure 3]
FIGURE 3
CHM for TG level by baseline TG level.




3.4.3 TC levels

TC levels were reported as the outcome measures in 20 studies. A significant difference was found in favor of CHM for lowering TC levels compared with Western medicine therapy [MD = −0.76, 95% CI (−0.97 to −0.54), P < 0.00001, I2 = 95%]. The subgroup analysis according to baseline TC level showed consistent TC lowering effect of CHM across the baseline subgroup (Pinteraction = 0.56) (Figure 4). The efficiency of CHM for regulating TC levels displayed significant heterogeneity in different subgroups, which might be a result of the treatment duration as shown in the meta-regression analysis: <6 months [16 trials, MD = −0.78, 95% CI (−1.06 to −0.49)] vs. 6–12 months [2 trials, MD = −1.11, 95% CI (−1.39 to −0.83)] vs. ≥12 months [2 trials, MD = −0.28, 95% CI (−0.89 to 0.34)], P = 0.03 for interaction, and might not be attributable to age, statin used, and type of disease (Supplementary Material S3).


[image: Figure 4]
FIGURE 4
CHM for TC level by baseline TC level.




3.4.4 HDL-C levels

In total, 17 studies reported the HDL-C levels as the outcome measures. A significant difference was found in favor of CHM for increasing HDL-C levels compared with Western medicine treatment [MD = 0.12, 95% CI (0.07–0.18), P < 0.0001, I2 = 91%]. The subgroup analysis according to baseline HDL-C level showed consistent HDL-C increasing effect of CHM across baseline subgroup (Pinteraction = 0.10) (Figure 5). The efficiency of CHM for regulating HDL-C levels displayed significant heterogeneity in different subgroups. The meta-regression analysis displayed that the heterogeneity present in the trials appears to be attributable to the course of treatment: <6 months [13 trials, MD = 0.09, 95% CI (0.03–0.15)] vs. 6–12 months [2 trials, MD = 0.43, 95% CI (0.26–0.60)] vs. ≥12 months [2 trials, MD = 0.05, 95% CI (0.03–0.07)], P < 0.0001 for interaction, and might not be attributable to age, statin used, and type of disease (Supplementary Material S3).


[image: Figure 5]
FIGURE 5
CHM for HDL-C level by baseline HDL-C level.





3.5 Efficacy of CHM on MACEs


3.5.1 Cardiovascular events by baseline LDL-C level

Overall, 377 of the 3,670 patients receiving CHM therapy vs. 717 of the 3,646 receiving Western medicine therapy experienced cardiovascular events during follow-up, the composite endpoint MACEs definitions across studies are provided in Table 1. A 48% risk reduction for MACEs was observed in the CHM group vs. the control group [RR 0.52, 95%CI (0.47–0.58), P < 0.00001, I2 = 0%] and the risk reduction varied according to the baseline LDL-C level (Pinteraction = 0.03). Furthermore, the risk reduction in MACEs appeared to be influenced by the baseline LDL-C level and not by the magnitude of LDL-C reduction. The risk of MACEs was related to CHM therapy in all subgroups of baseline LDL-C level, ranging from baseline levels less than 2.59 mmol/L [RR 0.54, 95% CI (0.36–0.80), P = 0.002, I2 = 0%] to baseline levels of 4.12 mmol/L or greater [RR 0.53, 95% CI (0.40–0.70), P < 0.00001, I2 = 0%], with a significant P-value (P = 0.03) for interaction in the subgroup (Figure 6). The subgroup with baseline LDL-C levels of 2.59–3.34 mmol/L showed the highest reductions [RR 0.32, 95% CI (0.22–0.45), P < 0.00001, I2 = 0%]. However, risk of MACEs was associated with CHM therapy in all subgroups with magnitude of LDL-C reduction, but there was a non-significant P-value (P = 0.34) for interaction (Supplementary Material S5). The above results remained unchanged after analysis using the random effect model (Supplementary Material S6).


[image: Figure 6]
FIGURE 6
CHM for MACEs stratified by baseline LDL-C level.




3.5.2 Cardiovascular events by baseline TG level

Cardiovascular events occurred in 339 of the 3,398 patients receiving CHM therapy vs. 645 of the 3,383 receiving Western medicine during follow-up. A 48% risk reduction for MACEs was observed in the CHM group vs. the control group [RR 0.52, 95% CI (0.47–0.59), P < 0.00001, I2 = 0%] and the risk reduction varied according to baseline TG level (Pinteraction = 0.03). Furthermore, the risk reduction in MACEs appeared to be influenced by both the baseline TG level and the magnitude of TG reduction. The risk of MACEs was related to CHM therapy in all subgroups of baseline TG levels, ranging from baseline levels less than 1.70 mmol/L [RR 0.59, 95% CI (0.46–0.76), P < 0.0001, I2 = 0%] to baseline levels of 2.25 mmol/L or greater [RR 0.30, 95% CI (0.19–0.47), P < 0.00001, I2 = 0%], with a significant P-value (P = 0.03) for interaction in the different subgroups. In addition, higher baseline TG levels were associated with progressively greater risk reduction in MACEs (Figure 7). A further analysis revealed that risk of MACEs was associated with CHM therapy in all subgroups with magnitude of TG reduction, with a significant P-value (P = 0.02) for interaction. Furthermore, the greater the magnitude of TG reduction, the greater the reduction of risk for MACEs (Supplementary Material S5). The above results remained unchanged after analysis using the random effect model (Supplementary Material S6).


[image: Figure 7]
FIGURE 7
CHM for MACEs by baseline TG level.




3.5.3 Cardiovascular events by baseline TC level

A total of 339 of the 3,398 patients receiving CHM therapy vs. 645 of the 3,383 receiving Western medicine experienced cardiovascular events during follow-up. A 48% risk reduction for MACEs was observed in the CHM group vs. the control group [RR 0.52, 95% CI (0.47–0.59), P < 0.00001, I2 = 0%] and the risk reduction varied according to baseline TC levels (Pinteraction = 0.24). Furthermore, the risk reduction in MACEs appeared to be influenced by the magnitude of TC reduction and not by the baseline TC level, and a greater magnitude in TC reduction was associated with progressively greater risk reduction in MACEs (Supplementary Material S5).



3.5.4 Cardiovascular events by baseline HDL-C level

Altogether 317 of the 3,219 patients receiving CHM therapy vs. 591 of the 3,204 receiving Western medicine were reported to experience cardiovascular events during follow-up. A 47% risk reduction for MACEs was observed in the CHM group vs. the control group [RR 0.53, 95%CI (0.47–0.61), P < 0.00001, I2 = 0%] and the risk reduction varied according to baseline HDL-C level (Pinteraction = 0.05). Furthermore, the risk reduction in MACEs did not appear to be influenced by the baseline HDL-C level and magnitude of HDL-C reduction (Supplementary Material S5).




3.6 Additional analysis

We also analyzed each component of the MACEs and found that additional CHM treatment was associated with a significant risk reduction in cardiovascular mortality, myocardial infarction, revascularization, angina pectoris, and heart failure, but not with non-fatal stroke (P = 0.05) (Supplementary Material S7). As a meta-regression analysis, the reduction in risk of total MACEs treated by CHM therapy was associated with course of treatment, P = 0.03 for interaction, and might not be attributable to age, statin used, and type of disease (Supplementary Material S8).

Funnel plots and Egger's test were asymmetric for the MD of lipid levels and RR for MACEs, presenting potential publication bias (Supplementary Material S9). A further sensitivity analysis was conducted to show the influence of each trial by deleting each in turn. Deleting each trial successively did not lead to significant deviation from the original overall estimate, indicating that the association of CHM for reducing the risk of MACEs is robust (Supplementary Material S10).

The adverse events during the treatment were reported by three studies. However, there is no significant difference of adverse event rate between the CHM and the Western medicine groups [OR 1.10, 95% CI (0.64–1.89), P = 0.72, I2 = 7%] (Supplementary Material S11).

Given the formulae were different due to the type and severity of patients, the frequency statistics of CHM were analyzed to determine the commonly used drugs among different trials. Sichuan lovage rhizome (Chuanxiong, Rhizoma Ligustici Chuanxiong), Danshen root (Danshen, Radix Salviae Miltiorrhizae), Snakegourd fruit (Gualou, Fructus Trichosanthis), Astragalus (Huangqi, Radix Astragali Membranacei), and Peony root (Chishao, Radix Paeoniae Rubra) were the most commonly used in the treatment of CHD (Supplementary Material S12).




4 Discussion


4.1 Summary of main results

In this study, a systematic review and meta-analysis of 23 randomized controlled trials (RCTs) of CHM for regulating lipid levels and lowering cardiovascular events among patients with CHD were conducted, covering 7,316 participants, and 377 cardiovascular events occurred in the 3,670 patients in the CHM group, while 717 events were reported in the 3,646 patients in the Western medicine alone group. First, CHM therapy compared with Western medicine alone was associated with significantly improved lipid profiles.

Second, compared with Western medicine alone, the addition of CHM was associated with a lower risk of cardiovascular events, and the strength of the association varied according to baseline LDL-C and TG levels, and the magnitude in TG and TC reduction. Greater risk reduction in MACEs was observed in patients with baseline LDL-C levels of 2.59–3.34 mmol/L and higher baseline TG level.

Third, CHM therapy was also associated with greater reduction in risk of cardiovascular mortality, myocardial infarction, angina pectoris, revascularization, and heart failure. By contrast, the reduction in non-fatal strokes did not appear to be related to CHM therapy. Considering the probability that the relatively short duration of follow-up is implicated in the lack of MACEs, it could be hypothesized that the course of treatment of CHM and duration of follow-up are too short to fully demonstrate the clinical benefits. It may also be due to the small number of participants. Therefore, further observation is needed for the long-term prognosis.



4.2 Possible explanations of the findings

The development of dyslipidemia, characterized by plasma hypertriglyceridemia, remnant lipoprotein of cholesterol levels (especially elevated LDL-C levels), and decreased HDL-C levels, is a critical driver for atherosclerotic plaques, which further exacerbate risk of MACEs. In a meta-regression analysis, TG lowering is associated with cardiovascular risk reduction, even after adjusting for LDL-C lowering (8). Recent genetic data highlight that interventions of lowering TG levels are also associated with cardiovascular benefits (42). Specifically, it is found that a decrease in 40 mg/dl of LDL-C should lower by approximately 20% the risk of cardiovascular events, but a similar 40 mg/dl reduction in TG levels could generate a 4%–5% reduction of cardiovascular events. Furthermore, the association between TG and MACEs is well demonstrated from epidemiological studies (43, 44) and Mendelian randomization studies (45, 46). Therefore, it will be difficult to achieve a cardiovascular benefit with a purely LDL-C or TG lowering.

Elevated levels of LDL-C and TG are associated with MACEs, all clinicians attest to the fact that intensive LDL-C or TG lowering in cardiovascular disease prevention, although helpful, is difficult to achieve in practice (47). Although the omega-3-fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) could lower TG level by 10%–50%, LDL-C may increase with EPA + DHA when TG levels are high (>5,000 mg/dl). In addition, the STRENGTH trial showed that high dose EPA + DHA did not reduce risk of cardiovascular events (48). Therapy purely with fibrates was found to reduce risk of cardiovascular events in patients with high TG and low HDL-C levels. It is currently uncertain whether reduction of cardiovascular events is associated with the addition of fibrates to statin therapy, which may increase the risk of muscle symptoms (49).

Different from Western medicine, characterized by multi-components, multi-targets, and multi-pathways, CHM plays an important role in antiatherosclerosis effects, cardioprotective function, and regulation of lipid levels, which is widely used for CHD in China (50–52). The Huazhuo Yixin Yin is a Chinese medicine decoction, which has been used for treatment of CHD over several years. Zhou et al. (22) reported that Huazhuo Yixin Yin could reduce the risk of MACEs, which was partly the result of its lipid metabolism regulation. Lu et al. (41) administered long-term therapy with Xuezhikang to patients with previous myocardial infarction and found that the incidence of MACEs was significantly decreased and the lipoprotein regulation was improved, and also safe and well tolerated. In these trials, additional CHM administration provided additional reduction in MACEs. Yuan et al. (53) found that the Chuanxiong–Chishao herb pair could improve cardiac function and reduce myocardial fibrosis area by regulating the expression of circRNAs and IncRNAs and its intervention mechanism in CHD may be related to the regulation of lipid metabolism, lipid transport, inflammation, and angiogenesis. Tetramethylpyrazine is an active alkaloid in Ligusticum chuanxiong Hort, which can exert protective effects on myocardial ischemia injury, including scavenging oxygen free radicals (OFRs) to inhibit lipid peroxidation, inhibiting apoptosis and anti-inflammatory activity (54). Ma et al. (55) reported that Salvia miltiorrhiza and Tanshinone IIA could attenuate the buildup of plaque and the accumulation of lipid in ApoE−/− mice and its mechanism may be related to reducing vascular endothelial inflammation and preventing plaque formation via COX-2/TNF-α/NF-κB signaling pathway. Li et al. (56) summarized that the lipid-regulating effect of CHM in CVD may be related to inhibiting intestinal absorption of lipids, reducing endogenous cholesterol synthesis, regulating transcription factors related to lipid metabolism, regulating cholesterol transport, and promoting the excretion of cholesterol in the liver. These findings suggest that CHM may be used as a complementary approach for patients with CHD. Nevertheless, more rigorously designed RCTs are needed to support these findings.



4.3 Limitations

This study has several limitations. First, the analyses were at the trial level, only the association between risk of cardiovascular events and lipid-lowering treatment by CHM within a trial was considered. Considering the differences in patients, comorbidities (e.g., diabetes), and treatment formulae, subgroup analyses might provide additional explanations on sources of heterogeneity. Second, the lipid levels at the end of the treatment period were used rather than at the end of the follow-up period, which may have overlooked the association of the magnitude of lipid lowering during the follow-up. Third, the formulae were different due to the type and severity of illness of the patients; most prescriptions were modified depending on the individual physique and clinical presentations. Fourth, the included trials lacked strict trial design and adequate sample size estimation. The blinding of participants, personnel, and outcome assessment was performed in 2 of 23 studies.



4.4 Implications for clinical practice and research

Given the higher reduction in lipid levels and risk of cardiovascular events, CHM therapy could be considered in patients with high baseline LDL-C and TG levels as it also would offer clinical benefits from lipid lowering. In addition, if additional lipid-lowering therapies or additional treatment to reduce adverse effects are considered for patients treated with Western medicine , CHM therapy to reduce cardiovascular risk is recommended. Although the possible mechanism of CHM in CHD treatment has been discussed, further exploration of the active ingredients and cardioprotective mechanisms of CHM in CHD treatment is of great significance. Therefore, because of the residual cardiovascular risk of Western medicine in the treatment of CHD, more RCTs using multiple centers, larger samples, and strict methodologies are necessary to explore the effectiveness and cardioprotective mechanisms of CHM therapy for CHD.




5 Conclusion

CHM compared with Western medicine alone was associated with lower risk of cardiovascular events and improvement of lipid profile. Risk reduction for cardiovascular events was associated with baseline LDL-C and TG levels, and the magnitude in TG and TC reduction. Greater risk reduction in MACEs was observed in patients with baseline LDL-C levels of 2.59–3.34 mmol/L and higher baseline TG levels.



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 authors.



Author contributions

LX: Conceptualization, Data curation, Formal Analysis, Methodology, Resources, Software, Supervision, Visualization, Writing – original draft, Writing – review & editing. JLiu: Conceptualization, Data curation, Formal Analysis, Methodology, Resources, Software, Writing – review & editing. XW: Conceptualization, Data curation, Formal Analysis, Methodology, Resources, Software, Writing – review & editing. BL: Data curation, Formal Analysis, Methodology, Resources, Software, Writing – review & editing. JiaL: Data curation, Formal Analysis, Methodology, Resources, Software, Writing – review & editing. JinL: Funding acquisition, Project administration, Supervision, Writing – review & editing. HW: Funding acquisition, Project administration, Supervision, Writing – review & editing.



Funding

The authors declare financial support was received for the research, authorship, and/or publication of this article.

This study was supported by the National Natural Science Foundation of China, Youth Science Foundation Project (82004301) and the Special Project for International Cooperation in Traditional Chinese Medicine of the National Administration of Traditional Chinese Medicine (GZYYGJ2020056).



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.2024.1407536/full#supplementary-material



References

1. Byrne RA, Fremes S, Capodanno D, Czerny M, Doenst T, Emberson JR, et al. 2022 Joint ESC/EACTS review of the 2018 guideline recommendations on the revascularization of left main coronary artery disease in patients at low surgical risk and anatomy suitable for PCI or CABG. Eur J Cardiothorac Surg. (2023) 64(2):ezad286. doi: 10.1093/ejcts/ezad286

2. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396(10258):1204–22. doi: 10.1016/s0140-6736(20)30925-9

3. Navar-Boggan AM, Peterson ED, D'Agostino Sr. RB, Neely B, Sniderman AD, Pencina MJ. Hyperlipidemia in early adulthood increases long-term risk of coronary heart disease. Circulation. (2015) 131(5):451–8. doi: 10.1161/circulationaha.114.012477

4. Soppert J, Lehrke M, Marx N, Jankowski J, Noels H. Lipoproteins and lipids in cardiovascular disease: from mechanistic insights to therapeutic targeting. Adv Drug Deliv Rev. (2020) 159:4–33. doi: 10.1016/j.addr.2020.07.019

5. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, et al. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. (2014) 63(25 Pt B):2889–934. doi: 10.1016/j.jacc.2013.11.002

6. Navarese EP, Kolodziejczak M, Schulze V, Gurbel PA, Tantry U, Lin Y, et al. Effects of proprotein convertase subtilisin/kexin type 9 antibodies in adults with hypercholesterolemia: a systematic review and meta-analysis. Ann Intern Med. (2015) 163(1):40–51. doi: 10.7326/m14-2957

7. Silverman MG, Ference BA, Im K, Wiviott SD, Giugliano RP, Grundy SM, et al. Association between lowering LDL-C and cardiovascular risk reduction among different therapeutic interventions: a systematic review and meta-analysis. JAMA. (2016) 316(12):1289–97. doi: 10.1001/jama.2016.13985

8. Marston NA, Giugliano RP, Im K, Silverman MG, O'Donoghue ML, Wiviott SD, et al. Association between triglyceride lowering and reduction of cardiovascular risk across multiple lipid-lowering therapeutic classes: a systematic review and meta-regression analysis of randomized controlled trials. Circulation. (2019) 140(16):1308–17. doi: 10.1161/circulationaha.119.041998

9. Hulten E, Jackson JL, Douglas K, George S, Villines TC. The effect of early, intensive statin therapy on acute coronary syndrome: a meta-analysis of randomized controlled trials. Arch Intern Med. (2006) 166(17):1814–21. doi: 10.1001/archinte.166.17.1814

10. O'Brien EC, Wu J, Schulte PJ, Christian A, Laskey W, Bhatt DL, et al. Statin use, intensity, and 3-year clinical outcomes among older patients with coronary artery disease. Am Heart J. (2016) 173:27–34. doi: 10.1016/j.ahj.2015.11.014

11. Mach F, Ray KK, Wiklund O, Corsini A, Catapano AL, Bruckert E, et al. Adverse effects of statin therapy: perception vs. the evidence—focus on glucose homeostasis, cognitive, renal and hepatic function, haemorrhagic stroke and cataract. Eur Heart J. (2018) 39(27):2526–39. doi: 10.1093/eurheartj/ehy182

12. Wei Y, Ding QY, Yeung C, Huang YS, Zhang BX, Zhang LL, et al. Evidence and potential mechanisms of traditional Chinese medicine for the adjuvant treatment of coronary heart disease in patients with diabetes mellitus: a systematic review and meta-analysis with trial sequential analysis. J Diabetes Res. (2022) 2022:2545476. doi: 10.1155/2022/2545476

13. Zhang Y, Gu Y, Chen Y, Huang Z, Li M, Jiang W, et al. Dingxin Recipe IV attenuates atherosclerosis by regulating lipid metabolism through LXR-α/SREBP1 pathway and modulating the gut microbiota in ApoE-/- mice fed with HFD. J Ethnopharmacol. (2021) 266:113436. doi: 10.1016/j.jep.2020.113436

14. Tam WY, Chook P, Qiao M, Chan LT, Chan TYK, Poon YK, et al. The efficacy and tolerability of adjunctive alternative herbal medicine (Salvia miltiorrhiza and Pueraria lobata) on vascular function and structure in coronary patients. J Altern Complement Med. (2009) 15(4):415–21. doi: 10.1089/acm.2008.0400

15. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Br Med J. (2009) 339:b2535. doi: 10.1136/bmj.b2535

16. Navarese EP, Robinson JG, Kowalewski M, Kolodziejczak M, Andreotti F, Bliden K, et al. Association between baseline LDL-C level and total and cardiovascular mortality after LDL-C lowering: a systematic review and meta-analysis. JAMA. (2018) 319(15):1566–79. doi: 10.1001/jama.2018.2525

17. Granholm A, Alhazzani W, Møller MH. Use of the grade approach in systematic reviews and guidelines. Br J Anaesth. (2019) 123(5):554–9. doi: 10.1016/j.bja.2019.08.015

18. Luo X, Zhu D, Li J, Ren M, Liu Y, Si T, et al. Selection of the optimal dose of sertraline for depression: a dose-response meta-analysis of randomized controlled trials. Psychiatry Res. (2023) 327:115391. doi: 10.1016/j.psychres.2023.115391

19. Xu FL, Jiang W, Huang L, Yin J, Zai WX, Gao TY. Effect of Shexiang Baoxin pill on prognosis of patients with acute coronary syndrome after PCI. J Chin Med. (2018) 33(09):1766–9. doi: 10.16368/j.issn.1674-8999.2018.09.418

20. Li J, Zhang ZP, Xiong XJ, Gao JL, Wang J. Randomized controlled trial of Wenxin decoction for unstable angina. Chin J Exp Tradit Med Formulae. (2016) 22(04):154–8. doi: 10.13422/j.cnki.syfjx.2016040154

21. Yang X, Hu WL, Han XB, Li TT, Li Y, Lv ZM, et al. Clinical observation on Yixin decoction on the treatment of 200 cases with stable angina pectoris of coronary heart disease. J Emer Tradl Chin Med. (2016) 25(02):212–5+25. doi: 10.3969/j.issn.1004-745X.2016.02.008

22. Zhou H, Liang S, Yang JL. Effect of Huazhuo Yixin Yin on serum lipid metabolism disorder and cardiovascular adverse events in patients with phlegm turbidity syndrome after PCI for coronary heart disease. Mod J Integ Trad Chin West Med. (2021) 30(07):751–5. doi: 10.3969/j.issn.1008-8849.2021.07.016

23. Tang Z, Qi QL. Effect of Tongmai Huayu decoction on clinical symptoms and coronary restenosis in elderly patients with coronary heart disease after percutaneous coronary intervention. Chin Med. (2021) 16(02):179–82. doi: 10.3760/j.issn.1673-4777.2021.02.005

24. Qin W. Effect of Yiqi Huayu Tongluo therapy on qi deficiency and blood stasis syndrome and cardiovascular adverse events in patients with coronary heart disease after interventional surgery. Mod J Integ Trad Chin West Med. (2021) 30(02):192–4+9. doi: 10.3969/j.issn.1008-8849.2021.02.017

25. Tang J, Xiao ZY. Analysis of curative effect and prognosis of integrated traditional Chinese and western medicine on patients with acute coronary syndrome. J Emer Trad Chin Med. (2016) 25(08):1588–90. doi: 10.3969/j.issn.1004-745X.2016.08.042

26. Cheng SJ, Fang XM, He JS, Wang Q. Effect of anxin granule on the restenosis after percutaneous coronary intervention. J Trad Chin Med. (2010) 51(07):603–6. doi: 10.13288/j.11-2166/r.2010.07.007

27. Ma J, Fan H, Lei YJ. Effect and safety analysis of Yiqi Tongmai decoction combined with conventional western medicine in treating patients with angina pectoris after myocardial infarction. Shaanxi J Trad Chin Med. (2015) 36(11):1467–70. doi: 10.3969/j.issn.1000-7369.2015.11.011

28. Zhang A, Zhang Y. Clinical observation of Shenqi Fumai formula on the treatment of 38 cases of acute myocardial infarction of qi deficiency and blood stasis type. Guiding J Trad Chin Med Pharm. (2015) 21(14):69–71. doi: 10.13862/j.cnki.cn43-1446/r.2015.14.024

29. Li J, Guo YP. Effect of Shenzhu Guanxin recipe on blood lipid intervention in patients with stable angina pectoris and its influence on angina pectoris attack. Shaanxi J Trad Chin Med. (2018) 39(02):181–3. doi: 10.3969/j.issn.1000-7369.2018.02.014

30. Chen WL, Fan JR. Clinical study of the formula with soothing the liver reduce phlegm and absorb clots methods on patients with unstable angina pectoris. Chin Arch Trad Chin Med. (2008) 10:2209–11. doi: 10.13193/j.archtcm.2008.10.130.chenwl.023

31. Lin N, Yin XY. Clinical observation on variant angina pectoris by the method of traditional Chinese medicine combined with western medicine. Chin Arch Trad Chin Med. (2011) 29(03):671–2. doi: 10.13193/j.archtcm.2011.03.225.linn.067

32. Zhao LQ, Liu ZY, Zhao LJ. Clinical observation on the treatment of acute coronary syndrome with combination of traditional Chinese medicine and western medicine. J Emer Trad Chin Med. (2004) 03:134–5.

33. Kong LL, Wang J, Zhai XJ. Effect of Yugeng Tongyu decoction on levels of blood lipids, cTnT and BNP in patients with AMI after PCI. Infor Trad Chin Med. (2022) 39(03):74–8. doi: 10.19656/j.cnki.1002-2406.20220314

34. Dai J. Clinical observation on the treatment of acute coronary syndrome with Shengxian decoction and Xiaoxianxiong decoction. J Emer Trad Chin Med. (2011) 20(02):194–5.

35. Tan L, Wu FJ, Peng QL, Lin BS, Wang P, Huang XJ. Clinical efficacy of Yixin Tongmai recipe in treating patients with qi deficiency and blood stasis syndrome after PCI for coronary heart disease. Chin J Integ Med Cardio-Cerebrovasc Dis. (2022) 20(20):3738–40. doi: 10.12102/j.issn.1672-1349.2022.20.018

36. Li CJ, Gu SJ, Cao HX, Duan Y. Wenyang Yixin therapy in the treatment of patients with acute coronary syndrome. Acta Chin Med Pharm. (2011) 39(04):55–7. doi: 10.19664/j.cnki.1002-2392.2011.04.023

37. Sun LG, Yang TS, Jin QH, Chen YD, Liu HB, Chen L, et al. Prospective study of different doses of atorvastatin plus traditional Chinese medicine in the treatment of patients with borderline lesion of coronary heart disease. Chin J Med. (2011) 46(03):40–2. doi: 10.3969/j.issn.1008-1070.2011.03.013

38. Li FM, Long X. Influence of traditional Chinese medicine combined with atorvastatin on prognosis, blood lipid and inflammation in borderline lesion coronary heart disease. Chin J Exp Tradit Med Formulae. (2013) 19(16):305–8. doi: 10.11653/syfj2013160305

39. Li SR, Wang TH, Zhang BJ, Liu DX, Xun LY, Hu WL, et al. Effects of Naoxintong capsule on the inflammation and prognosis in borderline lesion coronary heart disease patients. Chin J Integ Trad West Med. (2012) 32(05):607–11.

40. Zhao F. Clinical observation on the therapeutic effect of Ningxin decoction on coronary heart disease. Chin J Prim Med Pharm. (2009) 16(8):1487–8. doi: 10.3760/cma.j.issn.1008-6706.2009.08.111

41. Lu Z, Kou W, Du B, Wu Y, Zhao S, Brusco OA, et al. Effect of Xuezhikang, an extract from red yeast Chinese rice, on coronary events in a Chinese population with previous myocardial infarction. Am J Cardiol. (2008) 101(12):1689–93. doi: 10.1016/j.amjcard.2008.02.056

42. Ference BA, Kastelein JJP, Ray KK, Ginsberg HN, Chapman MJ, Packard CJ, et al. Association of triglyceride-lowering LPL variants and LDL-C-lowering LDLR variants with risk of coronary heart disease. JAMA. (2019) 321(4):364–73. doi: 10.1001/jama.2018.20045

43. Nordestgaard BG, Benn M, Schnohr P, Tybjaerg-Hansen A. Nonfasting triglycerides and risk of myocardial infarction, ischemic heart disease, and death in men and women. JAMA. (2007) 298(3):299–308. doi: 10.1001/jama.298.3.299

44. Miller M, Stone NJ, Ballantyne C, Bittner V, Criqui MH, Ginsberg HN, et al. Triglycerides and cardiovascular disease: a scientific statement from the American Heart Association. Circulation. (2011) 123(20):2292–333. doi: 10.1161/CIR.0b013e3182160726

45. Varbo A, Benn M, Tybjærg-Hansen A, Jørgensen AB, Frikke-Schmidt R, Nordestgaard BG. Remnant cholesterol as a causal risk factor for ischemic heart disease. J Am Coll Cardiol. (2013) 61(4):427–36. doi: 10.1016/j.jacc.2012.08.1026

46. Varbo A, Benn M, Tybjærg-Hansen A, Nordestgaard BG. Elevated remnant cholesterol causes both low-grade inflammation and ischemic heart disease, whereas elevated low-density lipoprotein cholesterol causes ischemic heart disease without inflammation. Circulation. (2013) 128(12):1298–309. doi: 10.1161/circulationaha.113.003008

47. Packard C, Chapman MJ, Sibartie M, Laufs U, Masana L. Intensive low-density lipoprotein cholesterol lowering in cardiovascular disease prevention: opportunities and challenges. Heart. (2021) 107(17):1369–75. doi: 10.1136/heartjnl-2020-318760

48. Nicholls SJ, Lincoff AM, Garcia M, Bash D, Ballantyne CM, Barter PJ, et al. Effect of high-dose omega-3 fatty acids vs corn oil on major adverse cardiovascular events in patients at high cardiovascular risk: the strength randomized clinical trial. JAMA. (2020) 324(22):2268–80. doi: 10.1001/jama.2020.22258

49. Davidson MH, Armani A, McKenney JM, Jacobson TA. Safety considerations with fibrate therapy. Am J Cardiol. (2007) 99(6a):3c–18c. doi: 10.1016/j.amjcard.2006.11.016

50. Cicero AFG, Colletti A, Bajraktari G, Descamps O, Djuric DM, Ezhov M, et al. Lipid-lowering nutraceuticals in clinical practice: position paper from an international lipid expert panel. Nutr Rev. (2017) 75(9):731–67. doi: 10.1093/nutrit/nux047

51. Jian X, Liu Y, Zhao Z, Zhao L, Wang D, Liu Q. The role of traditional Chinese medicine in the treatment of atherosclerosis through the regulation of macrophage activity. Biomed Pharmacother. (2019) 118:109375. doi: 10.1016/j.biopha.2019.109375

52. Wang C, Niimi M, Watanabe T, Wang Y, Liang J, Fan J. Treatment of atherosclerosis by traditional Chinese medicine: questions and quandaries. Atherosclerosis. (2018) 277:136–44. doi: 10.1016/j.atherosclerosis.2018.08.039

53. Yuan R, Li ZH, Huang MW, Li PQ, Miao Y, Mo H, et al. Intervention effect of Chuanxiong-Chishao herb pair on circRNA/lncRNA expression profile in a myocardial infarction-atherosclerosis model. Zhongguo Zhong Yao Za Zhi. (2023) 48(14):3890–903. doi: 10.19540/j.cnki.cjcmm.20230306.703

54. Qian W, Xiong X, Fang Z, Lu H, Wang Z. Protective effect of tetramethylpyrazine on myocardial ischemia-reperfusion injury. Evid Based Complement Alternat Med. (2014) 2014:107501. doi: 10.1155/2014/107501

55. Ma X, Zhang L, Gao F, Jia W, Li C. Salvia miltiorrhiza and Tanshinone IIA reduce endothelial inflammation and atherosclerotic plaque formation through inhibiting COX-2. Biomed Pharmacother. (2023) 167:115501. doi: 10.1016/j.biopha.2023.115501

56. Li Y, Wang X, Shen Z. Traditional Chinese medicine for lipid metabolism disorders. Am J Transl Res. (2017) 9(5):2038–49.28559959



OPS/images/fcvm-11-1407536-g005.jpg
CHM Group WM Group Mean Difference

Study or Subgroup _Mean _SD_Total Mean SD Total Weight IV,

Random, 95% CI

Mean Difference
1V, Random, 95% CI

1.7.1 Baseline HDL <1.03 mmol/L

Chen, 2008 116 027 30 107 038 30 5.1%  0.09[-0.08, 0.26]
Cheng, 2010 142 028 30 107 018 30 6.7%  0.35[0.23,0.47]
Tang, 2021 171 037 42 119 028 42  59%  0.52[0.38,0.66]
Zhao, 2009 0.87 0.13 48 0.87 0.12 30  8.9%  0.00[-0.06, 0.06]
Zhou, 2021 7 0.06 55 118 005 50 9.7%  0.19[0.17,0.21]
Subtotal (95% CI) 205 182 362%  0.22[0.09,0.36]

Heterogeneity: Tau? = 0.02; Chi? = 71.21, df = 4 (P < 0.00001); I = 94%
Test for overall effect: Z = 3.19 (P = 0.001)

1.7.2 Baseline HDL 1.03-1.55 mmol /L

Li, 2013 118 0.83 80 113 079 76  3.1%  0.05(-0.20, 0.30]
Li, 2018 142 032 40 117 026 40  6.4%  0.25[0.12,0.38]
Lu, 2008 124 031 2429 119 031 2441  9.7%  0.05[0.03,0.07]
Sun, 2011 114 034 43 11031 45 6.1% 0.04(-0.10,0.18]
Tan, 2022 116 034 40 112 0.19 40  6.6% 0.04[-0.08,0.16]
Xu, 2018 137 034 100 13 029 100  7.8% 0.07[-0.02,0.16]
Yang, 201 125 031 100 1.22 038 100  7.5%  0.03[-0.07,0.13]
Subtotal (95% Cl) 2832 2842 472%  0.07[0.02,0.11]

Heterogeneity: Tau? = 0.00; Chi? = 9.69, df = 6 (P = 0.14); I* = 38%
Test for overall effect: Z = 2.99 (P

1.7.3 Baseline HDL 21.55 mmol/L

Dai, 2011 341 0.88 33 3.59 141 30  0.8% -0.18[-0.77,0.41]
Kong, 2022 181 0.82 39 1.8 081 40 19% 0.01(-0.35,037]
Qin, 2021 191 0.61 38 1.93 054 38  3.1% -0.02(-0.28,0.24]
Zhang, 2015 2.05 0.08 38 196 0.05 38 9.5%  0.09[0.06,0.12]
Zhao, 2004 3.07 097 34 278 0.88 34  13% 0.29(-0.15,0.73]
Subtotal (95% CI) 182 180 16.5%  0.09 [0.06, 0.12]

Heterogeneity: Tau? = 0.00; Chi? = 2.47, df = 4 (P = 0.65); I = 0%
Test for overall effect: Z = 5.84 (P < 0.00001)

Total (95% CI) 3219 3204 100.0%
Heterogeneity: Tau? = 0.01; Chi? = 177.67, df = 16 (P < 0.00001); I* = 91%
Test for overall effect: Z = 4.42 (P < 0.0001)

Test for subgroup differences: Chi

56.5%

0.12 [0.07, 0.18]

"‘11T'<X

*

-1 1
Favours [CHM Group] Favours [WM Group]





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Traditional Chinese medicine lowering lipid levels and cardiovascular events across baseline lipid levels among coronary heart disease: a meta-analysis of randomized controlled trials

		1 Introduction



		2 Methods



		2.1 Study registration



		2.2 Search strategy and study selection



		2.3 Inclusion and exclusion criteria



		2.4 Study selection and data extraction



		2.5 Outcomes



		2.6 Quality assessment



		2.7 Data analysis and synthesis



		2.8 Publication bias, subgroup, and sensitivity analysis











		3 Results



		3.1 Literature search



		3.2 Study characteristics



		3.3 Study quality



		3.4 Efficacy of CHM on lipid profiles



		3.4.1 LDL-C levels



		3.4.2 TG levels



		3.4.3 TC levels



		3.4.4 HDL-C levels











		3.5 Efficacy of CHM on MACEs



		3.5.1 Cardiovascular events by baseline LDL-C level



		3.5.2 Cardiovascular events by baseline TG level



		3.5.3 Cardiovascular events by baseline TC level



		3.5.4 Cardiovascular events by baseline HDL-C level











		3.6 Additional analysis











		4 Discussion



		4.1 Summary of main results



		4.2 Possible explanations of the findings



		4.3 Limitations



		4.4 Implications for clinical practice and research











		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
a frontiers ‘ Frontiers in Cardiovascular Medicine

Traditional Chinese medicine lowering lipid
levels and cardiovascular events across
baseline lipid levels among coronary heart
disease: a meta-analysis of randomized
controlled trials





OPS/images/fcvm-11-1407536-g004.jpg
roup WM Group
Study or Subgroup _Mean _SD_Total Mean SD Total Weight

lean Difference
1V, Random, 95% CI

Mean Difference
1V, Random, 95% CI

1.14.1 Baseline TC <5.2 mmol/L,

Chen, 2008 397 071 30 449 135 30  42%
Dai, 2011 211 033 33 4.06 133 30  4.4%
Li, 2013 418 115 80 4.49 137 76  4.8%
Sun, 2011 471 07 43 465 081 45 5.1%
Tan, 2022 3.5 071 40 3.88 0.86 40  5.0%
Yang, 2016 3.4 086 100 3.74 0.87 100  5.3%
Zhao, 2009 351 049 48 4.53 089 30  5.0%
Subtotal (95% C) 374 351 33.9%

-0.52 [-1.07, 0.03]
-1.95 [-2.44, ~1.46]
-0.31[-0.71, 0.09]
0.06 [-0.26, 0.38]
-0.38(-0.73, -0.03]
-0.34 [-0.58, ~0.1

Heterogeneity: Tau? = 0.28; Chi? = 57.50, df = 6 (P < 0.00001); I = 90%

Test for overall effect: Z = 2.89 (P = 0.004)

1.14.2 Baseline TC 5.2-6.2 mmol /L

Li, 2011 3.95 0.56 30 5.49 0.81 30  5.0%
Li, 2018 3.64 0.58 40 4.57 0.64 40  53%
Lu, 2008 4.65 0.67 2429 522 0.88 2441  5.7%
Ma, 2015 401 1.09 74 501 113 74  5.0%
Qin, 2021 2.96 0.64 38 3.02 0.66 38 5.2%
Tang, 2021 31 03 42 42 12 42
Xu, 2018 3.72 048 100 431 0.56 100
Zhou, 2021 312 022 55 462 03 50
Subtotal (95% CI) 2808 2815

Heterogeneity: Tau
Test for overall effect: Z = 4.86 (P < 0.00001)

1.14.3 Baseline TC26.2 mmol /L

Cheng, 2010 416 074 30 528 094 30 4.7%
Kong, 2022 4.06 127 39 465 132 40  4.1%
Tang, 2016 4.85 088 75 598 112 75  5.1%
Zhang, 2015 4.08 034 38 4.54 044 38  5.5%
Zhao, 2004 589 1.02 34 6.02 0.88 34  4.6%
Subtotal (95% CI) 216 217 23.9%

Heterogeneity: Tau? = 0.14; Chi® = 22.51, df = 4 (P = 0.0002); I = 82%
Test for overall effect: Z = 3.60 (P = 0.0003)

Total (95% CI) 3398 3383 100.0%

-1.54 [-1.89, -1. 19]

-1.00 [-1.36, -0.64]
-0.06 [-0.35, 023]

0.26; Chi? = 323.99, df = 7 (P < 0.00001); I* = 98%

-1.12 [-1.55, -0.69]
-0.59 [-1.16, -0.02]
-1.13 [-1.45, -0.81]
-0.46 [-0.64, -0.28]
-0.13 [-0.58, 0.32]
-0.69 [-1.07, -0.31]

-0.76 [-0.97, -0.54]

Heterogeneity: Tau? = 0.21; Chi? = 415.31, df = 19 (P < 0.00001); I = 95%

Test for overall effect: Z = 6.83 (P < 0.00001)
Test for subgroup differences: Chi? = 1.17, df = 2 (P = 0.56), I

Vo

- |

>

-2 -1 1 2
Favours [CHM Group] Favours WM Group]





OPS/images/fcvm-11-1407536-g007.jpg
CHM Group WM Group

Risk Ratio

Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI

sk Ratio
M-H, Fixed, 95% CI

2.3.1 Baseline TG <1.70 mmol/L

Li, 2011 14 30 21 30
Sun, 2011 23 43 41 45
Yang, 2016 9 100 18 100
Subtotal (95% CI) 173 175

Total events 46 80
Heterogeneity: Chi? = 0.48, df = 2 (P = 0.79); I = 0%
Test for overall effect: Z = 4.14 (P < 0.0001)

2.3.2 Baseline TG 1.70-2.25 mmol/L

Chen, 2008 2 30 4 30
Dai, 2011 8 33 1 30
Li, 2013 13 80 29 76
Li, 2018 2 40 9 40
Lu, 2008 219 2429 372 2441
Tan, 2022 10 40 19 40
Tang, 2021 14 5 42
Xu, 2018 7 100 15 100
Zhang, 2015 4 38 1 38
Zhao, 2009 3 48 4 30
Zhou, 2021 4 55 18 50
Subtotal (95% CI) 2935 2017
Total events 273 497

Heterogeneity: Chi? = 8.75, df = 10 (P = 0.56); I* = 0%
Test for overall effect: Z = 8.65 (P < 0.00001)

2.3.3 Baseline TG 22.25 mmol/L

Cheng, 2010 i 30 6 30
Kong, 2022 8 39 15 40
Ma, 2015 5 74 21 74
Qin, 2021 1 38 6 38
Tang, 2016 375 12 75
Zhao, 20( 2 34 8 34
Subtotal (95% CI) 290 291
Total events 0

68
Heterogeneity: Chi? = 3.60, df = 5 (P = 0.61); I* = 0%
Test for overall effect: Z = 5.13 (P < 0.00001)

Total (95% CI) 3398 3383 1
Total events 339 645
Heterogeneity: Chi? = 18.49, df = 19 (P = 0.49); I* = 0%
Test for overall effect: Z = 10.65 (P < 0.00001)

Test for subgroup differences: Chi? = 6.83, df = 2 (P
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2.1.1 Baseline LDL <2.59 mmol/L

Dai, 2011

Tan, 2022

Yang, 2016

Zhao, 2009

Subtotal (95% CI)
Total events
Heterogeneity: Chi? =

Test for overall effect: Z

2.1.2 Baseline LDL 2.59-3.34 mmol/L

Chen, 2008

Li, 2013

Li, 2018

Ma, 2015

Qin, 2021

Tang, 2021

Xu, 2018

Zhou, 2021

Subtotal (95% CI)
Total events
Heterogeneity: Chi? =
Test for overall effect:

2.1.3 Baseline LDL 3.34-4.12 mmol/L

Cheng, 2010
Li, 2012

Lu, 2008
Sun, 2011

Subtotal (95% CI)
Total events
Heterogeneity: Chi?

Test for overall effect: Z = 8.01 (P < 0.00001)

2.1.4 Baseline LDL 24.12 mmol/L

Kong, 2022
Li, 2011

Li, 2016

Lin, 2011

Tang, 201

Subtotal (95% CI)
Total events
Heterogeneity: Chi? =
Test for overall effect:

Total (95% CI)
Total events
Heterogeneity: Chi? =

Test for overall effect: Z

8 33 1130 16%
10 40 19 40 2.6%
9 100 18 100 2.5%
3 48 4 30 07%
221 200 7.4%
30 52
.35, df = 3 (P = 0.95); I = 0%
3.05 (P = 0.002)
2 30 430 06%
13 80 29 76  41%
2 40 9 40 13%
5 74 21 74 2.9%
1038 6 38 0.8%
1 4 5 42 0.7%
7 100 15 100 2.1%
4 55 18 50 2.6%
459 450 15.1%
35 107
.02, df = 7 (P = 0.78); I = 0%
6.34 (P < 0.00001)
1030 6 30 0.8%
13 120 27 120 3.8%
219 2429 372 2441 51.6%
23 43 41 45 56%
4 38 138 15%
34 34 11%
2694 2708 64.4%
262 465
.83, df = 5 (P =0.57); 1> = 0%
8 39 15 40 2.1%
14 30 21 30 2.9%
15 118 27 110  3.9%
10 34 18 33 25%
3 75 12 75 17%
296 288 13.1%
50 93
.51, df = 4 (P = 0.64); I = 0%
4.42 (P < 0.00001)
3670 3646 100.0%

377

8.63, df = 22 (P = 0.67); I = 0%
11.30 (P < 0.00001)
8.99, df = 3 (P

Test for subgroup differences: Chi?
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121.1 Baseline TG <1.70 mmol/L

Li, 2011 114 039 30 142
Sun, 2011 158 0.86 43 155
Yang, 2016 127 051 100 1.42

Subtotal (95% CI)
Heterogeneity: Tau? = 0.00; Chi
Test for overall effect: Z = 2.66 (P

0.008)

1.21.2 Baseline TG 1.70-2.25 mmol /L

Group lean Difference
SD_Total Weight IV, Random, 95% Cl
035 30  5.0% -0.28[-0.47,-0.09]
092 45  24%  0.03[-0.34,0.40]
059 100  5.7% -0.15[-0.30,0.00]
175 13.1% -0.18 [-0.31, -0.05]

2.47,df =2 (P = 0.29); > = 19%

Chen, 2008 15 028 30 169 092 30 27% -0.19[-0.53,0.15]
Dai, 2011 105 038 33 115 033 30 5.2% -0.10(-0.28,0.08]
Li, 2013 15 054 80 172 062 76  5.1% -0.22(-0.40,-0.04]
Li, 2018 117 031 40 154 042 40  5.5% -0.37[-0.53,-0.21]
Lu, 2008 158 0.78 2429 1.75 0.88 2441  7.6% -0.17[-0.22, -0. 12]
Tan, 2022 127 041 40 151 057 40  4.4%

Tang, 2021 101 029 42 153 041 42  57%

Xu, 2018 129 022 100 147 0.42 100  6.9% . .
Zhang, 2015 132 007 38 167 013 38  7.6% -0.35[-0.40,-0.30]
Zhao, 2009 146 093 48 172 1.03 30 1.8% -0.26[-0.71,0.19]
Zhou, 202 32 01 55 168 021 50  7.4% -0.36[-0.42,
Subtotal (95% CI) 2935 2917 59.9% -0.28 [-0.35,

Heterogeneity: Tau?

Test for overall effect: Z = 7.02 (P < 0.00001)

1.21.3 Baseline TG 22.25 mmol /L

Cheng, 2010 177 053 30 215
Kong, 2022 151 052 39 191
Ma, 2015 179 043 74 2.03
Qin, 2021 136 047 38 144
Tang, 2016 1.26 048 75 2.01

2.12

Zhao, 2004 208 023 34
Subtotal (95% CI) 290
Heterogeneity: Tau? = 0.08; Chi
Test for overall effect: Z = 2.55 (P = 0.01)

Total (95% CI)

Heterogeneity: Tau® =
Test for overall effect: Z = 7.67 (P < 0.00001)
Test for subgroup differences: Chi?

3398

0.01; Chi* = 55.86, df = 10 (P < 0.00001); I*

0.95
0.63
0.54
0.45
0.59
0.44

1.84, df = 2 (P = 0.40), I*

82%

30 22% -0.38(-0.77,0.01]
40 3.8% -0.40[-0.65,-0.15]
74 5.6% -0.24[-0.40,-0.08]
38 4.6% -0.08(-0.29,0.13]
75 5.3% -0.75[-0.92,-0.58]

34 -0.04 [-0.21, 0.13]
291 27.0% -031[-0.55,-0.07]

41.23, df = 5 (P < 0.00001); I* = 88%

3383 100.0% -0.27 [-0.34, -0.20]

0.02; Chi? = 102.69, df = 19 (P < 0.00001); I* = 81%
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1.1.1 Baseline LDL <2.59 mmol/L

Dai, 2011 101 027 33
Tan, 2022 15 056 40
Yang, 2016 1.89 0.68 100
Zhao, 2009 217 022 48

o,
Subtotal (95% CI)

Heterogeneity: Tau? = 0.12; Chi2

Test for overall effect: Z = 1.53 (P = 0.13)
1.1.2 Baseline LDL 2.59-3.34 mmol/L
Chen, 2008 213 046 30
Li, 2013 231 086 80
Li, 2018 192 046 40
Ma, 2015 2.01 0.54 74
Qin, 2021 1.87 0.41 38
Tang, 2021 2.16 0.29 42
Xu, 2018 186 0.27 100
Zhou, 2021 206 021 55
Subtotal (95% C) 459

Heterogeneity: Tau®
Test for overall effect: Z

1.1.3 Baseline LDL 3.34-4.12 mmol/L

Cheng, 2010 213 036 30
Li, 2012 2.7 055 120
Lu, 2008 2.66 0.85 2429
Sun, 2011 317 07 43
Zhang, 2015 301 01 38
Zhao, 2004 2.56 0.43 34
Subtotal (95% cl) 26

Heterogeneity: Tau? = 0.05; Chi? = 123 15

Test for overall a"ec( Z=3.25 (P =0.001)

1.1.4 Baseline LDL >4.12 mmol/L

228 076 39
217 034 30
1.81 0.85 118
268 134 34
2.23 046 75

Tang, 2016
Subtotal (95% CI)
Heterogeneity: T: zsu 23
Test for overall elfect z - 1 86 (P = 0.06)

Total (95% CI) 3670
Heterogeneity: Tau? = 0.10; Chi? = 594.39,
Test for overall effect: Z
Test for subgroup differences: Chi?

1.67 026 30  4.7% -0.66[-0.79, -0.53]
182 066 40  4.1% -0.32[-0.59,-0.05]
199 081 100  4.4% -0.10(-0.31,0.11]
219 023 30 4.8% -0.02[-0.12,0.08]

200 18.0% -0.28 [-0.63,0.08]

59.03, df = 3 (P < 0.00001); I* = 95%

2.44 063 30  4.1% -0.31(-0.59, -0.03]
26 102 76  4.0% -0.29[-0.59,0.01]
258 0.63 40  4.3% -0.66 [-0.90, -0.42
251 049 74 4.6% -0.50[-0.67,
241 044 38 45% -0.54[-0.73, -
251 039 42 4.6% -0.35[-0.50,
23 059 100  4.7% -0.44[-0.57,
234 009 50 4.9% -0.28(-0.34,
450 35.6% -041[-0.51, 0321

0.01; Chi? = 20.47, df = 7 (P = 0.005); I = 66%
.37 (P < 0.00001)

279 058 30  4.2% -0.66 [-0.90, -0.42]
276 0.68 120  4.6% -0.06(-0.22,0.10]
323 0.85 2441  4.9% -0.57(-0.62,-0.52]
33 081 45  3.9% -0.13[-045,0.19]
324 011 38 4.9% -0.23[-0.28,-0.18]
2.89 051 34 4.3% -0.33[-0.55,-0.11]
2708 -0.33[-0.53, -0.13]

df = 5 (P < 0.00001);

264 0.7 40  3.9% -0.36(-0.68,-0.04]
442 041 30 4.5% -2.25(-2.44,-2.06]
245 092 110  4.3% -0.64[-0.87,-0.41]
3.39 147 33 2.3% -0.71(-1.38,-0.04]
2.48 0.48

75 4.6% -0.25[-0.40,-0.10]
288 19.6% -0.85 [-1.74,0.05]
df = 4 (P < 0.00001); I = 99%

3646 100.0% -0.46 [-0.60, -0.32]
df = 22 (P < 0.00001); I* = 96%

6.50 (P < 0.00001)
1.93, df = 3 (P = 0.59), I
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Disease N (male/female), Mean age (years) Interventions Basic Course of Baseline Baseline | Baseline TC | Baseline TG | MACEs
mean age (years) treatment treatment LDL-C HDL-C mean (SD), | mean (SD),

(duration of | mean (SD), | mean (SD), | mmol/L mmol/L

o (S follow-up) mmol/L mmol/L

Xuetal (19) | Post-PCL | 100 (52/48) | 100 (51/49) | 59.76 % 10.43 | 59.36 £ 10.13 | Shexiang Baoxin 3 months (12 5722102 1712043 3
pill months) NFAMI,
cD
Lietal 20) | UA 118 (61/57) | 110 (55/55) | 60.1+105 | 60.5+95 | Wenxin decoction | N D@@® | 60 days (60 days) 425+124 - - — NFAMI,
RV, NS,
cp
Yangetal | SA 100 (58/42) | 100 (56/44) | 70.70 1250 | 70.30 #1025 | Yixin decoction | N [o)ele) 2 months 2132076 115033 402104 155077 | UA, HE,
@ NFAMI,
cD
Zhouetal. | Post-PCI 55(38/17) | 50 (32118) | 647115 | 646112 |Huazhuo Yixin Yin | N [0k} 3 months (6 2632015 1022013 595042 198028 | NFAMI,
©22) months) HE, AP
Tang and Qi | Post-PCI 20517) | 42 Qans) 69:8 69+7 | Tongmai Huayn | N [0) 6 months 292050 0802024 54%15 2042049 | AP,
(23) decoction NFAMI,
cD
Qin (24) Post-PCI 38(21/17) | 38(2018) | 65.1+487 | 648246 |Yiqi Huayu N 006 4 weeks (6 months) | 3.15+051 1842057 5242071 3242058 | HF, NFS,
Tongluo recipe NFAMI
Tangand | ACS 75 (40/35) | 75 (39/36) | 5147681 | 5136%645 |Self-made N 200 15 days 4332037 - 6522121 2302086 | NFAMIL
Xiao (25) prescription cD
Chenget al. | Post-PCI 30 (20/10) | 30 (22/8) 579+52 58.1+39 | Anxin granules N @ @®®@®@ |6months 373+078 095+025 691112 292+104 | HF,
(26) NFAMI,
RV
Maetal. 27) | UA 74 (31/43) | 74 (34/40) | 6345824 | 63.71855 | Yiqi Tongmai N BO@®@ | 8weeks 283061 - 553+1.39 228059 | AP,
decoction @ NFAMI,
HF
Zhangand | AMI 38 (19/19) | 38 (23/15) | 590£100 | 57.9=102 |Shenqi Fumai N OO 4 weeks (6 months) | 3.870.08 187001 6532029 2152009 | NFAMIL
Zhang (28) recipe HF, CD
Liand Guo | SA 40 (23/17) | 40 22118) | 6284%532 | 63.05+5.14 | Shenzhu Guanxin | N [0)S) 12 weeks (12 3242083 115029 5212082 186062 | NFAML
(29) recipe month) UA, HF
Chenand | UA 30 30 — — Xintong recipe | N ®©0 4 weeks (1 month) | 2.85+1.02 096034 497138 2232120 | RV,
Fan (30) NFAMI
Linand Yin | UA 34 (21/13) | 33 (18/15) 63 64 ‘Wentong mixture | N ®Oe 6 months 4.18+159 - - - UA,
&) NFAMI,
cD
Zhao et al. ACS 34 (19/15) | 34 (22/12) 59.60 57.91 Yiqi Huoxue N G @®®O® |8 weeks 3.49+1.17 218+083 7.8411.26 269045 | CD,
(32) Huayu recipe @ NFAMI,
AP, NFS
Kongetal. | Post-PCI 39(19/20) | 40 (1822) | 593%86 | 586104 |YugengTongmu | N @ 2 weeks (6 months) | 4.51+1.03 178079 6432182 2472060 | CD,
(33) decoction NFAMI,
RV, NFS
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