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Background: The coronary microvascular dysfunction has attracted more and more attention in recent years, but there is still a lack of effective treatment. Shexiang Baoxin Pill is one of the commonly used drugs for the treatment of coronary artery disease in China. More recently, some studies found that it has the effect of improving coronary microvascular function.
Objective: To evaluate the effects of Shexiang Baoxin Pill for coronary microvascular function.
Methods: Databases including MEDLINE, Web of Science, CNKI, Wanfang, The Cochrane Library, EMbase, VIP and CBM were searched from inception to June 2021 to screen out relevant clinical studies. The 2019 version 2 of the Cochrane risk of bias tool (RoB2) were used to assess the methodological quality of the included studies. RevMan 5.3 software was used for meta-analysis.
Results: Eleven studies meeting the criteria were included, with a total of 1,075 patients. The results of meta-analysis showed that compared with conventional treatment alone, combination of Shexiang Baoxin Pill and conventional treatment can further increase the coronary flow reserve (CFR) [mean difference (MD) = 0.43, 95%CI (0.28, 0.58), p < 0.000 01], decrease the index of microvascular resistance (IMR) [MD = −4.23, 95%CI (−5.49, −2.97), p < 0.000 01], increase serum nitric oxide (NO) [MD = 11.96, 95%CI (2.74, 21.18), p = 0.001] and decrease serum hypersensitive C-reactive protein (hs-CRP) [MD = −2.49, 95%CI (−3.08, −1.90), p < 0.000 01], but did not increase the time of duration on the exercise testing (TET) [MD = 3.64, 95%CI (−1.17, 8.45), p = 0.14]. In terms of safety, a total of 10 patients developed adverse reactions in the intervention group and 17 patients developed adverse reactions in the control group.
Conclusion: Current evidence suggests that Shexiang Baoxin Pill may be effective in the improvement of coronary microvascular function when used in combination with conventional treatment. However, due to the low quality of the included studies, lack of placebo control and high heterogeneity among different studies, we should take a cautious attitude towards this conclusion. Moreover, the safety of Shexiang Baoxin Pill remains uncertain, more high-quality clinical studies are needed to verify the efficacy and safety of this drug in the future.
Systematic Review Registration: [website], identifier [registration number: CRD42021265113].
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INTRODUCTION
The coronary artery is one of the main arteries in the body which supplies blood to the heart. Atherosclerosis can cause the stenosis of coronary artery, leading to the occurrence of the symptom such as angina and eventually developing into coronary artery disease (Knuuti et al., 2020). Coronary angiography can clearly show the degree and scope of coronary artery stenosis, which is regarded as the gold standard for the diagnosis of coronary artery disease. However, coronary angiography can only reveal epicardial coronary artery with diameter greater than 0.5 mm, and cannot be applied to coronary microvasculature (Mirshahvalad et al., 2020). Coronary microvasculature includes anterior arterioles (about 0.1–0.5 mm in diameter) and arterioles (<0.1 mm in diameter). They provide more than 80% of the circulation resistance of the entire coronary artery system, and play a crucial role in regulating the balance of myocardial blood demand and supply (Mathew et al., 2020). However, the coronary microvascular diseases have not been paid enough attention because the coronary microvasculature are not visible in all kinds of coronary imaging techniques (Vancheri et al., 2020). In recent years, with the pathophysiology research of coronary artery, coronary microvascular diseases have attracted more and more attention in academia. In 2013, European Society of Cardiology (ESC) emphasized the role of coronary microvasculature for the first time in the guidelines on the management of stable coronary artery disease, and officially named such diseases coronary microvascular dysfunction (CMD) (Montalescot et al., 2013). Then, with the deepening of research, the researchers found that more than 40% of angina cases failed to find markedly narrowed vessel in coronary angiography which is mainly caused by CMD (Bucciarelli-Ducci and Pennell, 2010; Sara et al., 2015). At the same time, related research findings also showed that CMD is associated with an increased risk of cardiovascular adverse events and death, regardless of the presence or absence of obstructive coronary artery disease (OCAD) (van de Hoef et al., 2014; Gdowski et al., 2020). These indicate that CMD is seriously threatening human life and has been a significant clinical issue that needs to be solved.
In recent years, great progress has been made in the treatment of OCAD. The β-blocker, angiotensin converting enzyme inhibitor (ACEI), nitrates, calcium channel blocker (CCB), ranolazine and other drugs have shown obvious efficacy in improving the prognosis or symptoms of OCAD (Rousan et al., 2017). However, these drugs did not have a similar effect in treating CMD. The β-blocker has been effective only in some patients with CMD (Bugiardini et al., 1989). The study results on the effects of ACEI and ranolazine for coronary microvascular function are inconsistent (Buus et al., 2004; Mehta et al., 2011; Pauly et al., 2011; Bairey Merz et al., 2016). Nitrate and CCB did not seem to improve the coronary microvascular function (Cannon et al., 1985; Zhang et al., 2017). Therefore, the treatment of CMD still faces great challenge, more safe and effective treatment measures are waiting to be explored.
Coronary artery disease belongs to the category of “xiongbi” in Traditional Chinese Medicine (TCM). According to TCM theories, its core pathogenesis is “yuxue zuzhi xinmai” and the treatment principle is to “huoxue huayu” (Chen et al., 2005). In recent years, with the deepening of the understanding of coronary artery disease, TCM scholars have found that the TCM pathogenesis of OCAD and CMD are not completely the same. Some scholars believe that “hanning xuemai” and “xinluo chuji” are the main pathogenesis of CMD. Correspondingly, the treatment should focus on “fangxiang wentong” (Su et al., 2021). Shexiang Baoxin Pill is a kind of Chinese patent medicine with the function of “fangxiang wentong” which is composed of Moschus (the dried preputial secretion of Moschus berezovskii, M. sifanicus or M. moschiferus), Radix Ginseng (Panax ginseng C.A.Mey.), Bovis Calculus Artifactus (the dried gall-stone of Bos taurus domesticus Gmelin), Cinnamomi Cortex (Cinnamomum cassia), Styrax (Liquidambar orientalis Mill.), Bufonis Venenum (Bufo bufo gargarizans), and Borneolum Syntheticum (Dryobalanops aromatica C.F.Gaertn.). It has been recommended for the treatment of coronary artery disease by the “Consensus of TCM Experts on the Diagnosis and Treatment of Coronary Artery Disease in China” (Wang and Chen, 2018). In recent years, some researchers have tried to conduct clinical studies on the effect of Shexiang Baoxin Pill for coronary microvascular function and initially confirmed its effectiveness, which attracted more and more attention of this drug in improving coronary microvascular function. In 2016, Du reviewed the clinical trials on Shexiang Baoxin Pill in the treatment of CMD, CMD combined with cardiomyopathy and CMD combined with OCAD (Du, 2016). He drawn the conclusion that Shexiang Baoxin Pill could not only improve coronary microvascular function, but also improve the cardiac function and clinical symptoms of patients with CMD combined with cardiomyopathy or OCAD. Lu, et al. reviewed the pharmacological mechanism of Shexiang Baoxin Pill in improving CMD, and concluded that the underlining mechanisms might related to improving endothelial cell function and inhibiting inflammatory response (Lu et al., 2016). Although more and more studies have shown that Shexiang Baoxin pill may have the effect of improving coronary microvascular function, the sample size of relevant clinical trials is too small to provide enough evidence. Therefore, we conducted this systematic review and meta-analysis to evaluate the effects of Shexiang Baoxin Pill for coronary microvascular function aiming to provide more evidence for TCM treatment on CMD.
MATERIALS AND METHODS
This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and has been registered in PROSPERO (registration number: CRD42021265113).
Database and Search Strategies
We searched the following databases from their inception to June 2021: MEDLINE, Web of Science, China National Knowledge Infrastructure database (CNKI), Wan-fang database (wanfang), The Cochrane Library, embase, Chinese Scientific Journals database (VIP) and Chinese Biomedicine database (CBM). The publishing language was restricted to Chinese and English. The retrieval words including: “Shexiang Baoxin”, “Shexiang Baoxin Pill”, “Shexiang Baoxin wan”, “coronary microvascular”, “coronary artery microvascular”, “coronary microvasculature”, “coronary artery microvasculature”, “coronary microvessel”, “coronary artery microvessel”, “coronary micrangium”, “coronary artery micrangium”, “coronary capillary”, “coronary artery capillary”, “coronary microcirculation”, “coronary artery microcirculation”, “syndrome X”, “X syndrome”, “coronary flow reserve”, “CFR”, “index of microvascular resistance” and “IMR”. We adopted the search strategy of combining subject words and free words. In addition, we also manually retrieved the references of published literature to search additional relevant studies.
Inclusion Criteria
Studies meeting the following criteria were included: 1) randomized controlled trial to compare the effects of conventional treatment and conventional treatment combined with Shexiang Baoxin Pill on coronary microvascular function; 2) the control group received conventional treatment including aspirin, P2Y12 receptor inhibitors, statins, β-blocker, ACEI, ARB, CCB, nitrates and nicorandil; 3) the intervention group received conventional treatment combined with Shexiang Baoxin Pill (produced by Shanghai Hutchison Pharmaceuticals Company, oral administration, 45 mg at a time, three times a day); 4) reported one of the following outcomes at least, the primary outcomes are as follows, 1) coronary flow reserve (CFR), 2) index of microvascular resistance (IMR); the secondary outcomes include as follows, 1) serum nitric oxide (NO), 2) serum hypersensitive C-reactive protein (hs-CRP), 3) time of duration on the exercise testing (TET).
Exclusion Criteria
Studies meeting the following criteria were excluded: 1) the data is incomplete; 2) case reports, reviews, conference literature, theoretical discussions and experience summaries; 3) the baseline information of patients were inconsistent.
Data Extraction
Two researchers independently screened the retrieved literature on the basis of inclusion and exclusion criteria. They extracted the data, checked with each other and solved divergences by discussing with the third researcher. The extracted data content includes first author name, published time, sample size, gender distribution, average age, intervention measures, treatment duration, comorbidity, outcomes and adverse reactions.
Quality Evaluation
The methodological quality of included literature was evaluated on the basis of the 2019 version 2 of the Cochrane risk of bias tool (RoB2). This risk of bias assessment includes the following five domains: 1) bias arising from the randomization process; 2) bias due to deviations from intended interventions; 3) bias due to missing outcome data; 4) bias in measurement of the outcome; 5) bias in selection of the reported result. Finally, a judgment of overall risk of bias is generated. There are three levels of bias risk: “low”, “high”, and “some concerns”.
Data Analysis
We used the RevMan 5.3 software to perform the statistical analysis. Relative risk (RR) was employed for effect measure of dichotomous variables and mean difference (MD) was used for effect measure of continuous variables. In addition, 95% confidence interval (CI) was calculated for both variables. Heterogeneity was evaluated by the χ2 test and the I2 statistic. If substantial heterogeneity existed (I2 > 50% or p < 0.05), we applied random effect model to data analysis; otherwise, we applied fixed effect model. Meanwhile, subgroup analysis and sensitivity analysis were applied to explore the sources of heterogeneity and verify the stability of the meta-analysis results. Finally, we used funnel plots to evaluate the publication bias.
RESULTS
Search Results
A total of 283 studies were retrieved from the database. We used the EndNote software to eliminate 138 duplicate studies. After reading the titles and abstracts, we excluded 94 studies in that they were conference literature or non-randomized controlled trials. After reading the full texts, we excluded 40 studies because their interventions measures or outcomes didn’t meet inclusion criteria. Finally, 11 studies were included for the systematic review and meta-analysis (Song et al., 2011; Wang, 2015; Chen et al., 2016; Wu et al., 2019; Zhang, 2019; Sun and Wang, 2020; Zhang et al., 2020; Fu, 2021; Shen et al., 2021; Song et al., 2021; Yan, 2021). The screening process is visualized in Figure 1.
[image: Figure 1]FIGURE 1 | Flow diagram of literature screening.
Study Characteristics
The 11 studies involved a total of 1,075 patients, (552 in intervention group and 443 in control group). The detailed characteristics of these studies are presented in Table 1.
TABLE 1 | Basic characteristics of included studies.
[image: Table 1]Quality Assessment of Included Studies
Four studies (Sun and Wang, 2020; Fu, 2021; Shen et al., 2021; Song et al., 2021) used the random number table method to group patients and seven studies did not report randomization method (Song et al., 2011; Wang, 2015; Chen et al., 2016; Wu et al., 2019; Zhang, 2019; Zhang et al., 2020; Yan, 2021). None of the 11 studies reported allocation concealment method and blinding. One studies reported six patients lost to follow-up but did not elaborate on the reason (Chen et al., 2016). All of the 11 studies reported predetermined outcomes and none reported other biases. The Cochrane bias risk results are presented in Figure 2. A detailed assessment process is provided in Supplementary Table S1 of Bias Risk Evaluation Process.
[image: Figure 2]FIGURE 2 | Risk of bias graph.
Efficacy Assessment
Primary Outcomes
Coronary Flow Reserve
Six studies (Song et al., 2011; Chen et al., 2016; Zhang, 2019; Sun and Wang, 2020; Zhang et al., 2020; Song et al., 2021) reported the CFR as outcome. Due to the high heterogeneity (p < 0.000 01, I2 = 85%), we conducted the subgroup analysis to explore the sources of heterogeneity based on treatment duration (more than or not more than 4 months), average age (more than or not more than 55 years old), comorbidity (with OCAD or without OCAD), gender distribution (male account for more than or not more than 50%) and sample size (more than or not more than 100 patients). The results show the heterogeneity was significantly reduced in subgroups of treatment duration not more than 4 months, average age more than 55 years old, comorbid OCAD, male account for not more than 50% and sample size not more than 100 patients (Table 2) (Supplementary Figures S1–S5), indicating that all these factors may be the source of heterogeneity. However, it should be noted that there is still considerable heterogeneity in the remaining subgroups (Table 2) (Supplementary Figures S1–S5), suggesting that heterogeneity may come from other sources. Since the CFR is susceptible to many factors, leading to certain errors in measurement in different research institutions, we consider that heterogeneity might result from this. In addition to the above factors, we found no other significant differences in clinical and methodological features between the six studies. We believed that these clinical differences are acceptable when exploring the efficacy of drugs in the whole population, so we applied random effect model to pool the data of six studies. The result indicated that combination of conventional treatment and Shexiang Baoxin Pill can further increase CFR compared with conventional treatment alone [MD = 0.43, 95%CI (0.28, 0.58), p < 0.000 01] (Figure 3).
TABLE 2 | Subgroup analysis of CFR based on treatment duration, average age, comorbidity, gender distribution and sample size.
[image: Table 2][image: Figure 3]FIGURE 3 | Forest plot of CFR.
Index of Microvascular Resistance
Six studies (Chen et al., 2016; Zhang, 2019; Sun and Wang, 2020; Zhang et al., 2020; Shen et al., 2021; Song et al., 2021) reported the IMR as outcome. Due to the high heterogeneity (p = 0.000 4, I2 = 78%), we also conducted subgroup analysis based on the above criteria to explore the source of heterogeneity. The results show the heterogeneity was significantly reduced in subgroups of treatment duration not more than 4 months, average age not more than 55 years old, comorbid OCAD, male account for more than 50% and sample size more than 100 patients (Table 3) (Supplementary Figures S6–S10), indicating that all these factors may be the source of heterogeneity. Similar to the result of CFR, there is still considerable heterogeneity in the remaining subgroups (Table 3) (Supplementary Figures S6–S10), suggesting that heterogeneity may come from other sources. Since the IMR is a newly discovered indicator in recent years, there may be some differences in the level of measurement technology in different hospitals, we speculated that heterogeneity may be related to this. For the similar reason to the CFR, we also applied random effect model to pool the data of six studies. The result indicated that combination of conventional treatment and Shexiang Baoxin Pill can further decrease IMR compared with conventional treatment alone [MD = -4.23, 95%CI (-5.49, -2.97), p < 0.000 01] (Figure 4).
TABLE 3 | Subgroup analysis of IMR based on treatment duration, average age, comorbidity, gender distribution and sample size.
[image: Table 3][image: Figure 4]FIGURE 4 | Forest plot of IMR.
Secondary Outcomes
Nitric Oxide (μmol/L)
Four studies (Wu et al., 2019; Sun and Wang, 2020; Fu, 2021; Yan, 2021) reported the NO as outcome. Due to the high heterogeneity (p < 0.000 01, I2 = 98%), we also conducted subgroup analysis based on the above criteria to explore the source of heterogeneity. The results show the heterogeneity was significantly reduced in subgroups of sample size more than 100 patients and sample size not more than 100 patients (Table 4) (Supplementary Figures S11–S15), indicating that sample size may be the source of heterogeneity. For the similar reason to the CFR, we applied random effect model to pool the data of four studies. The result indicated that combination of conventional treatment and Shexiang Baoxin Pill can further increase NO compared with conventional treatment alone [MD = 11.96, 95%CI (2.74, 21.18), p = 0.001] (Figure 5).
TABLE 4 | Subgroup analysis of NO based on treatment duration, average age, comorbidity, gender distribution and sample size.
[image: Table 4][image: Figure 5]FIGURE 5 | Forest plot of NO.
Hypersensitive C-Reactive Protein (mg/L)
Five studies (Wu et al., 2019; Zhang et al., 2020; Fu, 2021; Song et al., 2021; Yan, 2021) reported the hs-CRP as outcome. Due to the high heterogeneity (p = 0.000 5, I2 = 80%), we conducted the subgroup analysis to explore the sources of heterogeneity. Since males account for more than 50% of all five studies, we did not conduct subgroup analysis based on gender distribution. The results show the heterogeneity was significantly reduced in subgroups of average age less than 55 years old, comorbid OCAD and sample size less than 100 patients (Table 5) (Supplementary Figures S16–S19), indicating that average age, comorbidity and sample size may be the source of heterogeneity. In addition, there is still considerable heterogeneity in the remaining subgroups (Table 5) (Supplementary Figures S16–S19), suggesting that heterogeneity may come from other sources. We believed that the differences in detection equipment and techniques used in different studies may be one of the main sources. For the similar reason to the CFR, we applied random effect model to pool the data of five studies. The result indicated that combination of conventional treatment and Shexiang Baoxin Pill can further decrease hs-CRP compared with conventional treatment alone [MD = -2.49, 95%CI (-3.08, -1.90), p < 0.000 01] (Figure 6).
TABLE 5 | Subgroup analysis of hs-CRP based on treatment duration, average age, comorbidity and sample size.
[image: Table 5][image: Figure 6]FIGURE 6 | Forest plot of hs-CRP.
Time of Duration on the Exercise Testing (min)
Two studies (Wang, 2015; Wu et al., 2019) reported the TET as outcome. Although the heterogeneity was high (p < 0.000 01, I2 = 98%), we were unable to conduct a subgroup analysis because there were only two studies. After comparing the detailed characteristics of the two studies, we considered the clinical heterogeneity and methodological heterogeneity can be accepted, so we applied random effect model to pool the data. The result indicated that combination of conventional treatment and Shexiang Baoxin Pill can further increase TET compared with conventional treatment alone, but the difference was not statistically significant [MD = 3.64, 95%CI (-1.17, 8.45), p = 0.14] (Figure 7).
[image: Figure 7]FIGURE 7 | Forest plot of TET.
Safety
Only three included studies reported the incidence of adverse reactions (the total sample size was 216, including 108 patients in the control group and 108 patients in the intervention group) (Wang, 2015; Wu et al., 2019; Song et al., 2021). One of the studies found no adverse reactions occurred during follow-up (the sample size was 40, including 20 patients in the control group and 20 patients in the intervention group) (Wang, 2015). Two of the studies reported a total of 10 patients developed adverse reactions in the intervention group (two patients developed tongue numbness, two patients developed alimentary tract reactions, one patients developed palpitation, two patients developed rash, three patient had bleeding events) and 17 patients developed adverse reactions in the control group (two patients developed headache, two patients developed inappetence, one patients developed alimentary tract reactions, three patients developed palpitation, four patients developed rash, five patient had bleeding events) (Wu et al., 2019; Song et al., 2021). It seems that Shexiang Baoxin Pill is safe. However, it should be noted that only three studies with 216 patients in total reported the incidence of adverse reactions, which was too small to provide enough evidence. Some other clinical studies which are not included found that Shexiang Baoxin Pill had adverse reactions such as decreased blood pressure and heart rate, abnormal liver and kidney function during treatment course, which are not reported in our included studies (Wen et al., 2018). In addition, the side effects mentioned in the instructions of Shexiang Baoxin Pill is tongue numbness only, and in the Precautions and Contraindications parts, it only prompts that the athletes should use with caution and pregnant women should avoid. The lack of detailed description of safety and sufficient literature data support makes the safety of this drug uncertain. As we all know, this is one of the biggest obstacles to the worldwide promotion of most Chinese patent medicine. Encouragingly, several high-quality clinical trials in recent years have provided strong evidence for the safety of Shexiang Baoxin Pill (Ge et al., 2021). However, due to the lack of sufficient safety evidence in patients with coronary microvascular disease, we should keep a relatively cautious attitude towards the drug. It is expected that more high-quality clinical trials can be conducted in the future to provide more sufficient evidence for the use of this drug in coronary microvascular diseases.
Publication Bias
The publication bias assessment was not be conducted because each of the outcomes included less than 10 studies.
DISCUSSION
Through the analysis of 1,075 patients, we found that compared with conventional treatment alone, combination of Shexiang Baoxin Pill and conventional treatment could further increase CFR and NO, decrease IMR and hs-CRP, but has no obvious effect on TET. In terms of safety, the results showed that no serious adverse reactions occurred in all the included studies, and the incidence of adverse reactions in the intervention group was not higher than control group. It seems that Shexiang Baoxin Pill is safe. However, only three studies reported the occurrence of adverse reactions, which was not enough to provide convincing evidence, so we believe that the safety of this drug is not clear, more studies are needed to confirm it in the future. Furthermore, as can be seen, all the outcomes of our review were surrogate end-point instead of clinical end-point. This is because the clinic trials on the effects of Shexiang Baoxin Pill for coronary microvascular function is only in the initial stage and there is still insufficient evidence. In this case, it may waste unnecessary resources to conduct a long-term research to observe clinical end-point. Although the outcomes selected in our study could not provide direct evidence for prognosis, they could still provide some valuable information and lay a foundation for further clinical studies in the future.
CFR, the most commonly used indicator to evaluate coronary microvascular function, refers to the ratio of maximum diastolic period coronary blood flow or myocardial blood flow to the resting period corresponding indexes (Vancheri et al., 2020). At present, CFR less than 2.0 is generally regarded as the main diagnostic criteria for CMD in clinical practice (Ong et al., 2020). At the same time, CFR is often used to evaluate the treatment effect and long-term prognosis of patients with CMD. Studies have shown that a lower CFR was associated with an increased incidence of long-term cardiovascular adverse events and cardiovascular mortality in patients regardless of the presence or absence of obstructive coronary artery disease (Ziadi et al., 2011; Murthy et al., 2014). Therefore, CFR was selected as one of the main outcomes for our review, and the results showed that combination of Shexiang Baoxin Pill and conventional treatment can further increase CFR. Meanwhile, similar results were obtained in subgroups of different treatment duration, age, gender distribution and sample size. However, when the subgroup analysis was conducted based on comorbidity, the result was negative in the subgroup of not comorbid OCAD [MD = 0.54, 95%CI (−0.17, 1.26), p = 0.14]. This suggests that the drug may be less effective in improving CFR in patients without OCAD. It should be noted that this subgroup consisted of only two studies, so this conclusion is relatively unreliable and needs to be confirmed by more studies in the future. In addition, we found considerable heterogeneity in the result of this analysis. Although the heterogeneity of some subgroups could be reduced by subgroup analysis, there were still some subgroups with high heterogeneity. We believed that this may be because CFR is susceptible to many factors such as coronary hemodynamics, leading to certain errors in measurement in different research institutions. Therefore, we should take a cautious attitude towards the results of this outcome.
The IMR refers to the ratio of pressure to flow at the distal end of coronary arteries in the state of congestion, which is one of the newer indicators to evaluate coronary microvascular function (Vancheri et al., 2020). Unlike CFR, IMR evaluates coronary microvascular function independently of the epicardial coronary artery, which is less likely to be influenced by coronary hemodynamics and has higher reproducibility (Ng et al., 2006). Therefore, the combined use of IMR and CFR to evaluate coronary microvascular function may have higher accuracy. In 2020, a statement released by the ESC Working Group on Coronary Pathophysiology and Microcirculation put forward that CFR less than 2.0 or IMR greater than 25 both are important markers of coronary microvascular dysfunction (Padro et al., 2020). Similar to CFR, IMR is also associated with patient prognosis. The study found that the value of IMR before percutaneous coronary intervention (PCI) has to do with the incidence of perioperative myocardial infarction (Layland et al., 2012). In patients with acute myocardial infarction, higher IMR indicated an increased incidence of heart failure and all-cause mortality (Carrick et al., 2016). Therefore, IMR was also selected as one of the main outcomes for our review, and the results showed that Shexiang Baoxin Pill could decrease IMR, and consistent conclusions were obtained in subgroups of different treatment duration, age, gender distribution and sample size. As with CFR, negative result was found in the subgroup of not comorbid OCAD [MD = −7.42, 95%CI (−14.72, −0.13), p = 0.05]. This further suggests that the drug may be less effective in improving coronary microvascular function in patients without OCAD. But this subgroup also included only two studies, the validity of this conclusion needs to be confirmed by further study. In addition, we found significant heterogeneity in the analysis results of IMR and subgroup analysis just reduced part of the heterogeneity. Since the IMR is a newly discovered indicator in recent years, there may be some differences in the level of measurement technology in different hospitals, we considerd that heterogeneity might result from this.
Dysfunction of vascular endothelial cells resulting in reduced NO production is one of the key pathogenesis of CMD (Gutiérrez et al., 2013). The decrease of NO will cause collagen deposition, leading to microvascular hypertrophy, fibrosis and abnormal diastolic function (Jones et al., 1995; Goligorsky, 2010). Studies have shown that NO-mediated microvascular dilation is significantly impaired in patients with CMD (Kajitani et al., 2019), and a positive correlation has been found between NO bioavailability and CFR (Chen et al., 2002). Thus, it can be seen, serum NO level can reflect coronary microvascular function. The results of our review found that combination of conventional treatment and Shexiang Baoxin Pill can further increase NO compared with conventional treatment alone. This suggests that the drug may improve coronary microvascular function by improving vascular endothelial function. However, on the one hand, when the subgroup analysis was conducted based on average age, we found that Shexiang Baoxin Pill could not increase NO in the subgroups with average age greater than 55 years old [MD = 8.96, 95%CI (−1.85, 19.77), p = 0.10]. This suggests that the drug may be less effective in improving vascular endothelial function in older patients. But due to the small sample size, the conclusion cannot be drawn completely at present and needs to be verified by further studies in the future. On the other hand, when the subgroup analysis was conducted based on comorbidity, negative results were obtained in both subgroups [MD = 11.62, 95%CI (−3.54, 26.78), p = 0.13] [MD = 12.28, 95%CI (−4.63, 29.20), p = 0.15]. Nevertheless, we can still discover a increasing trend of NO in the two subgroups. We thought this result may be related to the small sample size. Once the sample size is enlarged, the conclusion might be reversed. In addition, we found that heterogeneity was significantly reduced when subgroup analysis was performed based on sample size (I2 = 0%). This shows that sample size may be one of the main source of heterogeneity.
Inflammation can damage to vascular endothelial cells and inhibit endothelium-dependent microvascular dilation, leading to the occurrence of CMD (Zanatta et al., 2019). The hs-CRP is a sensitive and non-specific inflammatory marker, which is one of the commonly used indicators to evaluate the degree of inflammatory response in the body, and its value in the prediction of cardiovascular disease related risk is particularly important. Studies have found that serum hs-CRP levels in patients with CMD are significantly higher than those in healthy people (Aslan et al., 2019), and there is a significant correlation between the serum hs-CRP level and CFR and IMR (Long et al., 2017; Caliskan et al., 2020). Therefore, serum hs-CRP can reflect coronary microvascular function indirectly. Our meta-analysis results shows that combination of Shexiang Baoxin Pill can further decrease hs-CRP and consistent conclusions were obtained in all subgroups, which manifests that the drug may improve coronary microvascular function by inhibiting inflammatory response. Due to the high heterogeneity, subgroup analysis was conducted based on treatment duration, average age, comorbidity and sample size. The result turns out that average age, comorbidity and sample size may be the sources of heterogeneity. But there is still some heterogeneity that can’t be traced, we thought this may be related to differences in detection equipment and techniques between studies.
Although objective indicators are the main criteria for evaluating coronary microvascular function, the remission of clinical symptoms should not be ignored, since one of the purposes of improving coronary microvascular function is to improve patients’ exercise tolerance and living quality. TET is one of the classic methods to evaluate the exercise tolerance of patients with coronary artery disease. It has the advantages of noninvasiveness and simplicity, and has great application value for patients with obstructive coronary artery disease or CMD (Acampa et al., 2016). The results of our review found that combination of conventional treatment and Shexiang Baoxin Pill can’t further increase TET compared with conventional treatment alone [MD = 3.64, 95%CI (−1.17, 8.45), p = 0.14]. This seems to demonstrate that the drug failed to improve the exercise endurance of patients with CMD. However, we noted that only two included studies with 116 patients reported TET, which was significantly fewer than other outcomes. Nevertheless, we still found an increasing trend in this outcome. Hence, we consider that this negative result may be related to the small sample size. Once the sample size is enlarged, the conclusion might be reversed. In addition, there is large heterogeneity of this analysis result and it was not possible to conduct subgroup analysis to find sources of heterogeneity due to the small number of included studies. Therefore, we should treat this conclusion with caution.
The pathogenesis of CMD still remains unclear. Currently, endothelial cell dysfunction, resulting in decreased NO release, is recognized as the core pathological process (Gutiérrez et al., 2013). The decrease of NO will not only impair diastolic function of coronary microvasculature, but also lead to microvascular remodeling, which is manifested by rarefaction of microvascular and luminal narrowing (Mohammed et al., 2015; Lindemann et al., 2018). Moreover, inflammatory response and the autonomic nervous system may be involved in the regulation of endothelial cell function, leading to decreased NO release or bioavailability, which could result in the occurrence of CMD as well (Duncker et al., 2015; Zanatta et al., 2019). Because the improvement effect of β-blockers, ACEI, CCB, nitrate, ranolazine and other conventional drugs on coronary microvascular function is not satisfactory (Cannon et al., 1985; Bugiardini et al., 1989; Buus et al., 2004; Mehta et al., 2011; Pauly et al., 2011; Bairey Merz et al., 2016; Zhang et al., 2017), targeted therapy for the pathological process of CMD has been developed in recent years. Some small sample clinical trials of targeting endothelial function or inhibiting inflammatory response had gained some encouraging results, but higher quality studies are needed to confirm these findings (Ikonomidis et al., 2008; Johnson and Gould, 2013). Under the condition that conventional drugs has not been able to obtain satisfactory curative effect, TCM may play a role in the treatment of CMD. Modern pharmacological studies have found that Shexiang Baoxin Pill can improve the function of microvascular endothelial cells and promote microvascular angiogenesis by increasing the expression of endothelial NO synthase and inhibiting the inflammatory response of endothelial cells (Xu et al., 2011; Li et al., 2015). This point suggests that the drug has great potential in improving coronary microvascular function, but its pharmacological mechanism is still not completely clear, which needs more in-depth study in the future.
This study is the first to systematically review the effects of Shexiang Baoxin Pill for coronary microvascular function. There have been three systematic reviews of TCM treatment for coronary microvascular function in the past, but they all had some shortcomings (Wang et al., 2013; Mao et al., 2018; Zhong et al., 2020). First of all, the outcomes selected in these reviews are mainly clinical symptoms, electrocardiogram, blood indicator NO, endothelin-1, hs-CRP etc., while the outcomes that directly reflect coronary microvascular function are lacking, such as CFR, IMR, and so on. In the next place, the treatment duration of most of the studies included in these reviews was about 2 to 4 weeks, which is too short to achieve satisfactory effects. Furthermore, two of these reviews did not define the types of Chinese medicine in the intervention group, leading to a large difference in the intervention measures among the included studies, as well as an unreliable conclusion of the meta-analysis. Compared with the aforementioned reviews, our review included more objective outcomes of coronary microvascular function, the treatment duration of the included studies was longer and the intervention measures were more consistent. Accordingly, the reliability of our conclusions is improved. However, there are still following deficiencies in our study: Firstly, the methodological quality of included studies in our review is not high, the random sequence generation, allocation concealment and blinding method had not been reported in detail, which reduced the reliability of our analysis conclusions to some extent. Secondly, there was a large statistical heterogeneity in the analysis of all outcomes. After comparing the detailed characteristics of each study and conducting subgroup analysis, we discovered that treatment duration, average age, comorbidity, gender distribution and sample size may be the sources of heterogeneity. In addition, no other significant differences was found in clinical and methodological features. We considered the clinical heterogeneity and methodological heterogeneity among these studies to be acceptable, so we applied random effect model to pool the data. However, the large statistical heterogeneity still needs to be paid attention to, suggesting that we should treat the results of this study with more caution. Thirdly, placebos, which often used as control treatment in clinical trials, could influence body’s function by regulating the autonomic nervous system. As we mentioned above, the pathogenesis of CMD may be related to autonomic nervous system dysfunction, and thus the placebo effect should be fully considered when studying the effect of a drug for coronary microvascular function. However, no placebo control was taken of all the included studies in our review. Hence, the effect of Shexiang Baoxin Pill on coronary microvascular function is not completely convincing. Fourthly, the dose of Shexiang Baoxin Pill in all included studies was completely coincident, resulting in an inability to assess the dose-effect relationship of Shexiang Baoxin Pill for coronary microvascular function. Fifthly, the publication bias could not be assessed for the reason that each of the outcomes included less than 10 studies. Sixthly, due to the lack of prognosis outcomes such as cardiovascular adverse events and mortality in the included studies, it was difficult to evaluate the effect of Shexiang Baoxin Pill on the prognosis of CMD patients.
Based on the above discussion, we recommend that future randomized controlled trials of TCM should strictly follow the CONSORT (Consolidated Standards of Reporting Trials) and clinical end-point should be included as far as possible. In addition, we look forward to more high-quality randomized, double-blind controlled trials to provide more sufficient evidence for the Shexiang Baoxin Pill in improving coronary microvascular function.
CONCLUSION
Current evidence suggests that Shexiang Baoxin Pill may be effective in the improvement of coronary microvascular function when used in combination with conventional treatment. However, due to the low quality of the included studies, lack of placebo control and high heterogeneity among different studies, we should take a cautious attitude towards this conclusion. Moreover, the safety of Shexiang Baoxin Pill remains uncertain, more high-quality clinical studies are needed to verify the efficacy and safety of this drug in the future.
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
MW proposed the subject and designed the protocol for this systematic review. WS and JH conducted literature screening and data extraction. HT, MF, JC, and PY performed statistical analysis. MW and YS drafted the manuscript. LS and XC inspected all aspects of this systematic review.
FUNDING
This study was supported by the National Natural Science Foundation of China (81973824), the National Natural Science Foundation of China (82004308) and the National Administration of Traditional Chinese Medicine: 2019 Project of building evidence based practice capacity for TCM (2019XZZX-XXG004).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2021.751050/full#supplementary-material
REFERENCES
 Acampa, W., Assante, R., and Zampella, E. (2016). The Role of Treadmill Exercise Testing in Women. J. Nucl. Cardiol. 23, 991–996. doi:10.1007/s12350-016-0596-y
 Aslan, G., Polat, V., Bozcali, E., Opan, S., Çetin, N., and Ural, D. (2019). Evaluation of Serum sST2 and sCD40L Values in Patients with Microvascular Angina. Microvasc. Res. 122, 85–93. doi:10.1016/j.mvr.2018.11.009
 Bairey Merz, C. N., Handberg, E. M., Shufelt, C. L., Mehta, P. K., Minissian, M. B., Wei, J., et al. (2016). A Randomized, Placebo-Controlled Trial of Late Na Current Inhibition (Ranolazine) in Coronary Microvascular Dysfunction (CMD): Impact on Angina and Myocardial Perfusion reserve. Eur. Heart J. 37, 1504–1513. doi:10.1093/eurheartj/ehv647
 Bucciarelli-Ducci, C., and Pennell, D. J. (2010). Low Diagnostic Yield of Elective Coronary Angiography. N. Engl. J. Med. 363, 94–95. doi:10.1056/NEJMoa0907272
 Bugiardini, R., Borghi, A., Biagetti, L., and Puddu, P. (1989). Comparison of Verapamil versus Propranolol Therapy in Syndrome X. Am. J. Cardiol. 63, 286–290. doi:10.1016/0002-9149(89)90332-9
 Buus, N. H., Bøttcher, M., Jørgensen, C. G., Christensen, K. L., Thygesen, K., Nielsen, T. T., et al. (2004). Myocardial Perfusion during Long-Term Angiotensin-Converting Enzyme Inhibition or Beta-Blockade in Patients with Essential Hypertension. Hypertension 44, 465–470. doi:10.1161/01.HYP.0000141273.72768.b7
 Caliskan, Z., Telci Caklili, O., Kahraman, R., Ozcan, F. B., Sayar, S., Kostek, O., et al. (2020). Does Celiac Disease Impair Coronary Microvascular Circulation: Coronary Flow Velocity reserve of Patients with Celiac Disease. Echocardiography 37, 34–40. doi:10.1111/echo.14554
 Cannon, R. O., Watson, R. M., Rosing, D. R., and Epstein, S. E. (1985). Efficacy of Calcium Channel Blocker Therapy for Angina Pectoris Resulting from Small-Vessel Coronary Artery Disease and Abnormal Vasodilator reserve. Am. J. Cardiol. 56, 242–246. doi:10.1016/0002-9149(85)90842-2
 Carrick, D., Haig, C., Ahmed, N., Carberry, J., Yue May, V. T., McEntegart, M., et al. (2016). Comparative Prognostic Utility of Indexes of Microvascular Function Alone or in Combination in Patients with an Acute ST-Segment-Elevation Myocardial Infarction. Circulation 134, 1833–1847. doi:10.1161/circulationaha.116.022603
 Chen, J. W., Hsu, N. W., Wu, T. C., Lin, S. J., and Chang, M. S. (2002). Long-term Angiotensin-Converting Enzyme Inhibition Reduces Plasma Asymmetric Dimethylarginine and Improves Endothelial Nitric Oxide Bioavailability and Coronary Microvascular Function in Patients with Syndrome X. Am. J. Cardiol. 90, 974–982. doi:10.1016/s0002-9149(02)02664-4
 Chen, K. J., Li, L. D., and Weng, W. L. (2005). Study on Xueyu Syndrome and Huoxue Huayu. Chin. J. Integr. Med. Cardio-cerebrovasc Dis. 4, 1–2. doi:10.3969/j.issn.1672-1349.2005.01.001
 Chen, X. L., Nie, Y. T., Han, C., Luo, F., Ye, W. Y., and He, B. H. (2016). Effect of Shexiangbaoxin Pill on Intramyocardial Microvascular Resistance in Patients with Cardiac Syndrome X. Shenzhen J. Integr. Tradit Chin. West. Med. 26, 52–54. doi:10.16458/j.cnki.1007-0893.2016.21.025
 Du, H. B. (2016). Research Progress in the Treatment of Microvascular Dysfunction with Heart Protecting Musk Pill. World Latest Med. Inf. 16, 34–35. doi:10.3969/j.issn.1671-3141.2016.56.016
 Duncker, D. J., Koller, A., Merkus, D., and Canty, J. M. (2015). Regulation of Coronary Blood Flow in Health and Ischemic Heart Disease. Prog. Cardiovasc. Dis. 57, 409–422. doi:10.1016/j.pcad.2014.12.002
 Fu, C. H. (2021). Clinical Observation on the Treatment of Coronary Microvascular Disease by Shexiang Baoxin Pill Combined with Conventional Western Medicine. China’s Naturopathy 29, 88–92. doi:10.19621/j.cnki.11-3555/r.2021.1133
 Gdowski, M. A., Murthy, V. L., Doering, M., Monroy-Gonzalez, A. G., Slart, R., and Brown, D. L. (2020). Association of Isolated Coronary Microvascular Dysfunction with Mortality and Major Adverse Cardiac Events: A Systematic Review and Meta-Analysis of Aggregate Data. J. Am. Heart Assoc. 9, e014954. doi:10.1161/JAHA.119.014954
 Ge, J.-B., Fan, W.-H., Zhou, J.-M., Shi, H.-M., Ji, F.-S., Wu, Y., et al. (2021). Efficacy and Safety of Shexiang Baoxin Pill (MUSKARDIA) in Patients with Stable Coronary Artery Disease: a Multicenter, Double-Blind, Placebo-Controlled Phase IV Randomized Clinical Trial. Chin. Med. J. (Engl). 134, 185–192. doi:10.1097/cm9.0000000000001257
 Goligorsky, M. S. (2010). Microvascular Rarefaction: the Decline and Fall of Blood Vessels. Organogenesis 6, 1–10. doi:10.4161/org.6.1.10427
 Gutiérrez, E., Flammer, A. J., Lerman, L. O., Elízaga, J., Lerman, A., and Fernández-Avilés, F. (2013). Endothelial Dysfunction over the Course of Coronary Artery Disease. Eur. Heart J. 34, 3175–3181. doi:10.1093/eurheartj/eht351
 Ikonomidis, I., Lekakis, J. P., Nikolaou, M., Paraskevaidis, I., Andreadou, I., Kaplanoglou, T., et al. (2008). Inhibition of Interleukin-1 by Anakinra Improves Vascular and Left Ventricular Function in Patients with Rheumatoid Arthritis. Circulation 117, 2662–2669. doi:10.1161/circulationaha.107.731877
 Johnson, N. P., and Gould, K. L. (2013). Physiology of Endothelin in Producing Myocardial Perfusion Heterogeneity: A Mechanistic Study Using Darusentan and Positron Emission Tomography. J. Nucl. Cardiol. 20, 835–844. doi:10.1007/s12350-013-9756-5
 Jones, C. J., Kuo, L., Davis, M. J., DeFily, D. V., and Chilian, W. M. (1995). Role of Nitric Oxide in the Coronary Microvascular Responses to Adenosine and Increased Metabolic Demand. Circulation 91, 1807–1813. doi:10.1161/01.cir.91.6.1807
 Kajitani, S., Shiroto, T., Godo, S., Ito, A., Ikumi, Y., Sugisawa, J., et al. (2019). P4158Marked Impairment of Endothelium-dependent Digital Vasodilatations in Patients with Microvascular Angina Compared with Those with Vasospastic Angina. Eur. Heart J. 40, 2512. doi:10.1093/eurheartj/ehz745.0730
 Knuuti, J., Wijns, W., Saraste, A., Capodanno, D., Barbato, E., Funck-Brentano, C., et al. (2020). 2019 ESC Guidelines for the Diagnosis and Management of Chronic Coronary Syndromes. Eur. Heart J. 41, 407–477. doi:10.1093/eurheartj/ehz425
 Layland, J. J., Whitbourn, R. J., Burns, A. T., Somaratne, J., Leitl, G., MacIsaac, A. I., et al. (2012). The index of Microvascular Resistance Identifies Patients with Periprocedural Myocardial Infarction in Elective Percutaneous Coronary Intervention. Heart 98, 1492–1497. doi:10.1136/heartjnl-2012-302252
 Li, G., Chen, Y., and Wu, J. (2015). Promotion of Function of Endothelial Progenitor Cells with Shexiang Baoxin Pill Treatment under Shear Stress. Sheng Wu Yi Xue Gong Cheng Xue Za Zhi 32, 847–853. doi:10.7507/1001-5515.20150152
 Lindemann, H., Petrovic, I., Hill, S., Athanasiadis, A., Mahrholdt, H., Schäufele, T., et al. (2018). Biopsy-confirmed Endothelial Cell Activation in Patients with Coronary Microvascular Dysfunction. Coron. Artery Dis. 29, 216–222. doi:10.1097/mca.0000000000000599
 Long, M., Huang, Z., Zhuang, X., Huang, Z., Guo, Y., Liao, X., et al. (2017). Association of Inflammation and Endothelial Dysfunction with Coronary Microvascular Resistance in Patients with Cardiac Syndrome X. Arq Bras Cardiol. 109, 397–403. doi:10.5935/abc.20170149
 Lu, P. P., Ma, J., and Ma, L. H. (2016). Research Progress of Coronary Artery Microcirculation Disorder and Mechanism of Shexiang Baoxin Pill. Chin. J. Integr. Med. Cardio-cerebrovasc Dis. 14, 1741–1743. doi:10.3969/j.issn.1672-1349.2016.15.014
 Mao, H. M., Liu, M., Qu, H., Wang, L. Q., and Shi, D. Z. (2018). Tongxinluo Capsule () for Cardiac Syndrome X: A Systematic Review and Meta-Analysis. Chin. J. Integr. Med. 24, 296–303. doi:10.1007/s11655-017-2762-8
 Mathew, R. C., Bourque, J. M., Salerno, M., and Kramer, C. M. (2020). Cardiovascular Imaging Techniques to Assess Microvascular Dysfunction. JACC Cardiovasc. Imaging 13, 1577–1590. doi:10.1016/j.jcmg.2019.09.006
 Mehta, P. K., Goykhman, P., Thomson, L. E., Shufelt, C., Wei, J., Yang, Y., et al. (2011). Ranolazine Improves Angina in Women with Evidence of Myocardial Ischemia but No Obstructive Coronary Artery Disease. JACC Cardiovasc. Imaging 4, 514–522. doi:10.1016/j.jcmg.2011.03.007
 Mirshahvalad, S. A., Chavoshi, M., and Hekmat, S. (2020). Diagnostic Performance of Prone-Only Myocardial Perfusion Imaging versus Coronary Angiography in the Detection of Coronary Artery Disease: A Systematic Review and Meta-Analysis. J. Nucl. Cardiol . doi:10.1007/s12350-020-02376-x
 Mohammed, S. F., Redfield, M. M., Mirzoyev, S. A., Edwards, W. D., Maleszewski, J. J., and Redfield, M. M. (2015). Response to Letters Regarding Article, "Coronary Microvascular Rarefaction and Myocardial Fibrosis in Heart Failure with Preserved Ejection Fraction". Circulation 132, e206–559. doi:10.1161/circulationaha.115.017050
 Montalescot, G., Montalescot, G., Sechtem, U., Achenbach, S., Andreotti, F., Arden, C., et al. (2013). 2013 ESC Guidelines on the Management of Stable Coronary Artery Disease: the Task Force on the Management of Stable Coronary Artery Disease of the European Society of Cardiology. Eur. Heart J. 34, 2949–3003. doi:10.1093/eurheartj/eht296
 Murthy, V. L., Naya, M., Taqueti, V. R., Foster, C. R., Gaber, M., Hainer, J., et al. (2014). Effects of Sex on Coronary Microvascular Dysfunction and Cardiac Outcomes. Circulation 129, 2518–2527. doi:10.1161/circulationaha.113.008507
 Ng, M. K., Yeung, A. C., and Fearon, W. F. (2006). Invasive Assessment of the Coronary Microcirculation: superior Reproducibility and Less Hemodynamic Dependence of index of Microcirculatory Resistance Compared with Coronary Flow reserve. Circulation 113, 2054–2061. doi:10.1161/circulationaha.105.603522
 Ong, P., Safdar, B., Seitz, A., Hubert, A., Beltrame, J. F., and Prescott, E. (2020). Diagnosis of Coronary Microvascular Dysfunction in the Clinic. Cardiovasc. Res. 116, 841–855. doi:10.1093/cvr/cvz339
 Padro, T., Manfrini, O., Bugiardini, R., Canty, J., Cenko, E., De Luca, G., et al. (2020). ESC Working Group on Coronary Pathophysiology and Microcirculation Position Paper on 'coronary Microvascular Dysfunction in Cardiovascular Disease'. Cardiovasc. Res. 116, 741–755. doi:10.1093/cvr/cvaa003
 Pauly, D. F., Johnson, B. D., Anderson, R. D., Handberg, E. M., Smith, K. M., Cooper-DeHoff, R. M., et al. (2011). In Women with Symptoms of Cardiac Ischemia, Nonobstructive Coronary Arteries, and Microvascular Dysfunction, Angiotensin-Converting Enzyme Inhibition Is Associated with Improved Microvascular Function: A Double-Blind Randomized Study from the National Heart, Lung and Blood Institute Women's Ischemia Syndrome Evaluation (WISE). Am. Heart J. 162, 678–684. doi:10.1016/j.ahj.2011.07.011
 Rousan, T. A., Mathew, S. T., and Thadani, U. (2017). Drug Therapy for Stable Angina Pectoris. Drugs 77, 265–284. doi:10.1007/s40265-017-0691-7
 Sara, J. D., Widmer, R. J., Matsuzawa, Y., Lennon, R. J., Lerman, L. O., and Lerman, A. (2015). Prevalence of Coronary Microvascular Dysfunction Among Patients with Chest Pain and Nonobstructive Coronary Artery Disease. JACC Cardiovasc. Interv. 8, 1445–1453. doi:10.1016/j.jcin.2015.06.017
 Shen, S. X., Zhao, Z. L., Wang, S. B., Du, J. J., Ding, S. K., Wang, L. X., et al. (2021). Clinical Analysis of the Effect of Shexiang Baoxin Pill Combined with Cardiac Rehabilitation on Coronary Slow Flow. Chin. J. Integr. Med. Cardio-cerebrovasc Dis. 19, 1810–1813. doi:10.12102/j.issn.1672-1349.2021.11.005
 Song, K. Y., Wei, Y. J., and Li, L. T. (2011). Study on the Effect of Shexiang Baoxin Pill on Coronary Flow reserve in Patients with Coronary Slow Flow. J. Changchun Univ. Chin. Med. 27, 720–722. doi:10.13463/j.cnki.cczyy.2011.05.052
 Song, Z., Chen, L. Q., Wang, L. N., and Liu, Z. L. (2021). Effect of Heart-Protecting Musk Pill and Ticagrelor on Cardiac Function and Inflammatory Response Following PCI in Patients with CYP2C19*2 and *3 Genes. J. Guangdong Med. Univ. 39, 301–304. doi:10.3969/j.issn.1005-4057.2021.03.015
 Su, M. Y., Liu, C. P., Li, x. w., and Wang, L. (2021). Application of the Theory of Fangxiang Wentong in Coronary Microvascular Disease. Chin. J. Integr. Med. Cardio-cerebrovasc Dis. 19, 1939–1942. doi:10.12102/j.issn.1672-1349.2021.11.039
 Sun, X. Y., and Wang, C. Y. (2020). Effects of Shexiang Baoxin Pill on Coronary Microcirculation and Angiogenic Factors in Elderly Patients with Coronary Heart Disease after PCI. Chin. Med. 33, 27–31. doi:10.19296/j.cnki.1008-2409.2020-06-007
 van de Hoef, T. P., van Lavieren, M. A., Damman, P., Delewi, R., Piek, M. A., Chamuleau, S. A., et al. (2014). Physiological Basis and Long-Term Clinical Outcome of Discordance between Fractional Flow Reserve and Coronary Flow Velocity Reserve in Coronary Stenoses of Intermediate Severity. Circ. Cardiovasc. Interv. 7, 301–311. doi:10.1161/circinterventions.113.001049
 Vancheri, F., Longo, G., Vancheri, S., and Henein, M. (2020). Coronary Microvascular Dysfunction. J. Clin. Med. 9, 2880. doi:10.3390/jcm9092880
 Wang, H. Z. (2015). Observation on the Curative Effect of Shexiang Baoxin Pill on Heart Syndrome X. Chin J. Disabil. Med 23, 152. 153. doi:10.13214/j.cnki.cjotadm.2015.02.112
 Wang, J., and Chen, G. (2018). Consensus of Traditional Chinese Medicine Experts on the Diagnosis and Treatment of Coronary Artery Disease. J. Tradit Chin. Med. 59, 447–450. doi:10.13288/j.11-2166/r.2018.05.020
 Wang, J. Y., Xiao, L., Chen, J., Zhai, J. B., Mu, W., Mao, J. Y., et al. (2013). Potential Effectiveness of Traditional Chinese Medicine for Cardiac Syndrome X (CSX): a Systematic Review and Meta-Analysis. BMC Complement. Altern. Med. 13, 62. doi:10.1186/1472-6882-13-62
 Wen, J., Ma, X., Zhang, L., Lu, X., Yang, Y., Wang, J., et al. (2018). Therapeutic Efficacy and Safety of Shexiang Baoxin Pill Combined with Trimetazidine in Elderly Patients with Heart Failure Secondary to Ischaemic Cardiomyopathy: A Systematic Review and Meta-Analysis. Medicine (Baltimore) 97, e13580. doi:10.1097/MD.0000000000013580
 Wu, C. Y., Wang, G. M., and Sun, Z. G. (2019). Effect of Shexiang Baoxin Pills Combined with Nicorandil in the Treatment of Patients with Coronary Slow Flow Angina. Shanghai Med. Pharm. J. 40, 26–28. doi:10.3969/j.issn.1006-1533.2019.19.009
 Xu, C. S., Ning, R. B., Chai, D. J., and Lin, J. X. (2011). Effect of Shexiang Baoxin Wan on Cell Apoptosis and Expression of Inflammatory Factors in Human Umbilicial Vein Endothelial Cells Induced with Hydrogen Peroxide. Chin. J. Arterioscler 19, 813–818. 
 Yan, X. Y. (2021). Effects of Shexiang Baoxin Pills Combined with Nicordil on Cardiac Function and Serological Indexes in Patients with Coronary Microcirculation Disorder after Myocardial Infarction. Chin. J. Pharm. Econ. 16, 46–48. doi:10.12010/j.issn.1673-5846.2021.01.009
 Zanatta, E., Colombo, C., D'Amico, G., d'Humières, T., Dal Lin, C., and Tona, F. (2019). Inflammation and Coronary Microvascular Dysfunction in Autoimmune Rheumatic Diseases. Int. J. Mol. Sci. 20, 5563. doi:10.3390/ijms20225563
 Zhang, H. F., Li, D. L., Wang, D., Chen, X. R., and Chen, Y. X. (2020). Effect of Shexiang Baoxin Pill on Coronary Microcirculation Function and Cardiovascular Events in Patients with Coronary Artery Disease after PCI. Chin. J. Integr. Med. Cardio-cerebrovasc Dis. 18, 1409–1412. doi:10.12102/j.jssn.1672-1349.2020.09.015
 Zhang, L. W. (2019). Study on the Effect of Shexiang Baoxin Pill on Microcirculation Dysfunction after Coronary Intervention. Chin. Pract. Med. 14, 70–72. doi:10.14163/j.cnki.11-5547/r.2019.22.036
 Zhang, Y., Chen, Y. D., Fu, X. H., Chen, W. Q., Li, D. D., Gu, X. S., et al. (2017). Consensus of Chinese Experts on Diagnosis and Treatment of Coronary Microvascular Disease. Chin. Circ. J. 32, 421–430. doi:10.3969/j.issn.1000-3614.2017.05.003
 Zhong, L., Zhuang, J., Jin, Z., Chen, Y., and Chen, B. (2020). Effect of Chinese Medicine for Promoting Blood Circulation on Microvascular Angina: A Systematic Review and Meta-Analysis. Am. J. Emerg. Med. 38, 2681–2692. doi:10.1016/j.ajem.2020.07.072
 Ziadi, M. C., deKemp, R. A., Williams, K. A., Guo, A., Chow, B. J., Renaud, J. M., et al. (2011). Impaired Myocardial Flow Reserve on Rubidium-82 Positron Emission Tomography Imaging Predicts Adverse Outcomes in Patients Assessed for Myocardial Ischemia. J. Am. Coll. Cardiol. 58, 740–748. doi:10.1016/j.jacc.2011.01.065
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Wang, Shan, Sun, Han, Tong, Fan, Chen, Yu, Shen and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-12-751050-g005.gif
oo = a5

frr e Aty

T

senin
Peries]
it

-






OPS/images/fphar-12-751050-g006.gif
it S R - R
oty a0 0

o i ey





OPS/images/fphar-12-751050-g003.gif
St S Mown 30 o Mot 50. Tl W o WAL 1. g
E TR T e T Tt
DEm OR'R BTG B oan thbuem
Sioehn  imem @ imon & omm o embnon
[ A gt

frmia ety e Sy






OPS/images/fphar-12-751050-g004.gif
Sipame i 3%
Mmna mni

e 0
ey e

st 2
e
Pt





OPS/images/fphar-12-751050-t002.jpg
Criteria for
grouping

treatment duration
average age
Comorbicity
gender distribution

sample size

Subgroup

more than 4 months
less than 4 months

more than 55 years old

less than 55 years old

with OCAD

without OCAD

male account for more than 50%
male account for less than 50%
more than 100 patients

less than 100 patients

OCAD, obstructive coronary artery disease; n, number of studies.

PRAESENF NI O NINES

™MD
(95%Cl)

047 (0.27, 067)
0.35 (0.20, 0.49)
035 (0.20, 041)
0.63 (0.14, 1.12)
037 (032, 042)
0.54 (-0.17, 1.26)
0.49 (0.25, 0.74)
034 (0.21, 046)
053 (031, 0.75)
032 (0.18, 045)

F (%)

c8x88oc8oo

456
4.65
11.07
2.54
14.31
1.48
3.97
5.08
4.67
4.63

<0.000 01
<0.000 01
<0.000 01
0.01
<0.000 01
0.14
<0.000 1
<0.000 01
<0.000 01
<0.000 01





OPS/images/fphar-12-751050-g007.gif
o i i vt v g

LEER





OPS/images/fphar-12-751050-t001.jpg
Chen XL
2016

Fu CH 2021

Shen SX
2021

Song
Ky2011

Song 72021

Sun XY 2020

Wang
HZ2015

Wu CY 2019

Yan XY 2021

Zhang
HF2020

Zhang
LW2019

Sample  Age (years)  Sex Intervention measures Treatment
size MF duration
e e e 1 c (days)
3733 15800+ L1027 P+S+B+A+C+N+SBP P+S+B+A+C 180

13.00 45 mg tid 4N
Ci5700+  Cio24
15.00
8282 16148+ 15230 P+S+B+A+C+N+SBP P+S+B+A+C 56
12.49 45 mg tid +N
cei3s G
11.57 54/28
32/32 14138943 12012 P+S+B+A+C+N+SBP P+S+B+A+C 365
C4775+  C 45mgid N
10.61 18/14
74/68  15000+7.00 14232 P+S+B+A+C+N+SBP P+S+B+A+C 180
c: C 45mgtid N
51.00+900 3920
50/50 1:56.40+860 13020 P+S+B+A+C+N+SBP P+S+B+A+C 90
c c 45mgid N
5590770 35/15
64/64 172554363 13232 P+S+B+A+C+N+SBP P+S+B+A+C 180
c c. 45mgid N
72345346 3232
2020 158004300 1812 P+S+B+A+C+N+SBP P+S+B+A+C 56
c C:713 45mgtd N
50.00 + 4.00
38/08 153704260 12414 P+S+B+A+C+N+D+SBP P+S+B+A+C+ 90
c c 45mgid N+D
5410250  23/15
5041 1166704600 126/24 P+S+B+A+C+N+D+SBP P+S+B+A+C+ 90
c c 45mgid N+D
6610640 2120
6050 148104512 136/24 P+S+B+A+C+N+SBP P+S+B+A+C 180
c c 45mgid N
4815510 3020
4545 158624613 L2421 P+S+B+A+C+N+SBP P+S+B+A+C 84
c c 45mgid N
5003625 2520

With
OCAD

not

not

not

not

yes

yes

not

not

yes

yes

Outcomes

e

[olelo}

jolele]

[elolo}

[€lo]

[olelo}

[ole)

Adverse
events

Not
reported

Not
reported

Not
reported

Not
reported

Occurrence
Not
reported

None

Occurrence

Not

reported

Not
reported

Not
reported

I intervention group; C, control group; M, male; F, female; SBP, Shexiang Baoxin Pill: OCAD, obstrucitive coronary artery disease; P, antilatelet rug; S, statins; B, f-blocker; A, ACEl or

ARB:

> CCB: N. nitrates: D, nicorandil: ® CFR: ® IMR: ® NO: ® hs-CRP: ® TET.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Effects of Shexiang Baoxin Pill for Coronary Microvascular Function: A Systematic Review and Meta-Analysis		Introduction

		Materials and Methods		Database and Search Strategies

		Inclusion Criteria

		Exclusion Criteria

		Data Extraction

		Quality Evaluation

		Data Analysis





		Results		Search Results

		Study Characteristics

		Quality Assessment of Included Studies

		Efficacy Assessment

		Secondary Outcomes

		Safety

		Publication Bias





		Discussion

		Conclusion

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		Supplementary Material

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Effects of Shexiang Baoxin Pill for
Coronary Microvascular
Function: A Systematic Review
and Meta-Analysis





OPS/images/fphar-12-751050-t005.jpg
Criteria for
grouping

treatment duration
average age
Comorbidity

sample size

OCAD, obstructive coronary artery disease: n, number of studies

Subgroup

more than 4 months
less than 4 months
more than 55 years old
less than 55 years old
with OCAD

without OCAD

more than 100 patients
less than 100 patients

RS SAHN—

MD
(95%Cl)

-2.18 (-2.37, -1.99)
2,61 (-3.45, -1.76)
-2.73 (-4.01, -1.46)
-2.19 (-2.37, -2.02)
-2.17 (-2.36, -1.99)
-2.85 (-3.94, -1.77)
-2.77 (-3.98, -1.57)
-2.23 (-2.68, -1.78)

P (%)

75%
69%
0%
0%
89%
95%
0%

22.81
6.06
421

24.50

23.11
514
451
9.70

<0.000 01
<0.000 01
<0.000 1
<0.000 01
<0.000 01
<0.000 01
<0.000 01
<0.000 01





OPS/images/fphar-12-751050-g001.gif
T~
[Rrme———
ool [ -,
thay et

[T —

I —— P —
[S—
p——






OPS/images/fphar-12-751050-g002.gif





OPS/images/fphar-12-751050-t004.jpg
Criteria for
grouping

treatment duration
average age
comorbidity
gender distribution

sample size

Subgroup

more than 4 months
less than 4 months

more than 55 years old

less than 55 years old

with OCAD

without OCAD

male account for more than 50%
male account for less than 50%
more than 100 patients

less than 100 patients

OCAD, obstructive coronary artery disease; n, number of studies.

[N RN CRNPR RN

™MD
(95%Cl)

3.85 (0.79, 691)
14.63 (4.23, 25.04)
896 (185, 19.77)
20.90 (18.75, 23.05)
11.62 (-3.54, 26.78)
12.28 (-4.63, 29.20)
14.63 (4.23, 25.04)

3.85 (0.79, 691)

3.72 (1.80, 5.65)
20.15 (1859, 21.71)

F (%)

98%
98%

98%
99%
98%

0%
0%

247
2.76
1.62
19.05
1.50
142
276
247
3.79
25.30

0.01
0.006
0.10
<0.000 01
0.13
0.15
0.006
0.01
0.000 1
<0.000 01





OPS/images/fphar-12-751050-t003.jpg
Criteria for
grouping

treatment duration
average age
Comorbicity
gender distribution

sample size

Subgroup

more than 4 months
less than 4 months.

more than 55 years old

less than 55 years old

with OCAD

without OCAD

male account for more than 50%
male account for less than 50%
more than 100 patients

less than 100 patients

OCAD, obstructive coronary artery disease; n, number of studies.

FSECECIFNOIF IO IFN

™MD
(95%Cl)

-4.74 (-6.53, ~2.95)
-3.40 (-4.86, -1.99)
-5.00 (-7.16, ~2.84)
-3.30(-4.21, -2.39)
-3.64 (-4.09, -3.00)
-7.42(-14.72, -013)
-3.31 (-4.04, -2.58)
-7.38 (-14.69, -0.06)
-3.56 (-4.27, -2.85)
-5.18 (~7.79, ~2.57)

519
4.55
455
7.12
12.76
1.99
8.90
198
9.79
3.89

<0.000 01
<0.000 01
<0.000 01
<0.000 01
<0.000 01
0.05
<0.000 01
0.05
<0.000 01
<0.000 1









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





