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Background: Lipid aggregation, inflammatory cell infiltration, fibrous cap formation, and disruption are the major causes of atherosclerotic cardiovascular disease (ASCVD) and the pathologic features of atherosclerotic plaques. Although ezetimibe’s role in decreasing blood lipids is widely known, there are insufficient data to determine which part of the drug has an effect on atherosclerotic plaque compositions.
Objective: The study aimed to systematically evaluate the efficacy of ezetimibe for coronary atherosclerotic plaque compositions.
Methods: Two researchers independently searched the PubMed, Embase, Cochrane Library, and Web of Science databases for randomized controlled trials (RCTs) on the efficacy of ezetimibe for coronary atherosclerotic plaques from inception until 22 January 2023. The meta-analysis and trial sequential analysis (TSA) were performed using Stata 14.0 and TSA 0.9.5.10 Beta software, respectively.
Results: Four RCTs were finally included this study, which comprised 349 coronary artery disease patients. Meta-analysis findings showed that, compared with the control group, intervention measures could effectively reduce the fibro-fatty plaque (FFP) volume [WMD = −2.90, 95% CI (−4.79 and −1.00), and p = 0.003 < 0.05]; there were no significant difference in the reduction of fibrous plaque (FP) volume [WMD = −4.92, 95% CI (−11.57 and 1.74), and p = 0.15 > 0.05], necrotic core (NC) volume [WMD = −2.26, 95% CI (−6.99 and 2.46), and p = 0.35 > 0.05], and change dense calcification (change DC) volume [WMD = −0.07, 95% CI (−0.34 and 0.20), and p = 0.62 > 0.05] between the treatment group and the control group. TSA findings showed more studies are still required to confirm the efficacy of ezetimibe for FP and NC in the future.
Conclusion: Compared to the control group, ezetimibe significantly decreased FFP, but it had no statistically significant difference on FP, NC, or change DC. According to TSA, further research will be required to confirm the efficacy of ezetimibe for FP and NC in the future.
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1 INTRODUCTION
Lipid aggregation, inflammatory cell infiltration, fibrous cap formation, and disruption are the major causes of atherosclerotic cardiovascular disease (ASCVD) and the pathological features of atherosclerotic plaques (Falk et al., 2013; Dawson et al., 2022). The cholesterol absorption inhibitor, ezetimibe, in combination with statins has been shown to significantly reduce low-density lipoprotein cholesterol (LDL-C) levels and improve outcomes in acute coronary syndromes in a large sample, double-blind, randomized controlled trial (Cannon et al., 2015). As compared to statin treatment alone, ezetimibe and statin combination significantly decreased coronary plaque volume, according to Ueda et al. (2017).
Although ezetimibe’s role in decreasing blood lipids is widely known and it is recommended in clinical guidelines (Grundy et al., 2019; Mach et al., 2020), there are insufficient data to determine which part of the drug has an effect on atherosclerotic plaque compositions. Multiple investigations on the efficacy of ezetimibe on coronary atherosclerotic plaque compositions have been conducted, although the findings are not entirely consistent. In order to give information for therapeutic practices, the aim of this study was to systematically evaluate the efficacy of ezetimibe for coronary atherosclerotic plaque compositions.
2 MATERIALS AND METHODS
The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) criteria (Page et al., 2021) were followed for performing this meta-analysis, which was registered in the International Prospective Register of Systematic Reviews.
2.1 Inclusion and exclusion criteria
Inclusion criteria were as follows: 1) study type: RCTs in English language; 2) patients: patients who meet the diagnostic criteria for all types of coronary atherosclerotic heart disease and underwent intravascular ultrasound (IVUS) examinations, regardless of disease duration and severity, gender, age, and region; 3) intervention measures: the treatment group was treated with ezetimibe combined with statin or ezetimibe monotherapy, while the control group was treated with placebo, statin monotherapy, or blank control; and 4) endpoints: ① fibro-fatty plaque volume (FFP, mm³), ② fibrous plaque volume (FP, mm³), ③ necrotic core volume (NC, mm³), and ④ change dense calcification volume (change DC, mm³). Endpoints should be measured and calculated according to American College of Cardiology Clinical Expert Consensus Document on Standards for Acquisition, Measurement and Reporting of Intravascular Ultrasound Studies (Mintz, 2001).
Exclusion criteria were as follows: 1) patients with other types of coronary artery disease, structural heart disease, heart failure, cardiomyopathy, connective tissue disease, and other influencing factors; 2) repeated literature; 3) errors or incomplete study data; and 4) case reports, conference reports, experts’ experience, animal experiments, and reviews.
2.2 Literature search strategy, data extraction, and quality evaluation
Two investigators separately searched the PubMed, Embase, Cochrane Library, and the Web of Science databases from inception until 22 January 2023. The terms searched included “Coronary Vessels,” “Coronary Artery,” “Plaque, Atherosclerotic,” “Atherosclerotic Plaques,” “Ezetimibe,” and “randomized controlled trial.” The detailed search strategy is shown in Supplementary Material S1.
Two investigators conducted literature screening and full-text reading and then extracted the information required for this study independently.
According to the RCT risk of the bias assessment tool in the Cochrane Handbook for Systematic Reviews, two researchers assessed the methodological quality of the included literature from seven aspects: sequence generation, allocation concealment, blinding of participants and personnel, blinding of the outcome assessment, incomplete outcome data, selective outcome reporting, and other sources of bias. Each aspect was rated as “low risk,” “unclear risk,” or “high risk” based on the tool.
2.3 Statistical analysis
Statistical analysis was performed using Stata 14.0 (Stata Corporation, College Station, TX, USA) software. Continuous variables were analyzed using the weighted mean difference (WMD) as the pooled statistic, which described the 95% confidence interval (CI). Heterogeneity size was evaluated by the I2 value and p-value; if the inter-study statistical heterogeneity was less (I2 ≤ 50% or p ≥ 0.1), the fixed-effect model was used; if the inter-study heterogeneity was significant (I2 > 50% or p < 0.1), the random effect model was used. To check if there was publication bias, Egger’s test was used and a funnel plot was generated. p < 0.05 was considered statistically significant for the pooled effect. Finally, the TSA 0.9.5.10 Beta software was used to perform TSA analysis on the associated results.
3 RESULTS
3.1 Search results, basic characteristics, and quality evaluation results of the included literature
A total of 194 relevant literature reports were obtained in the initial screening, after excluding the repeated literature, meta-analyses, reviews, animal tests, no RCTs, or no match research contents, and four RCTs were finally included (Tomas et al., 2012; Jung et al., 2016; Mikkel et al., 2017; Kiyoshi et al., 2018), which comprised 349 patients; the literature screening processes are shown in Figure 1.
[image: Figure 1]FIGURE 1 | PRISMA flowchart with details of the literature search and study selection.
A multi-center research study was among the included research studies, which were primarily from Europe and Asia. The duration ranged from 3 to 12 months, and three of the studies were followed up for more than 10 months; the other basic characteristics are shown in Table 1.
TABLE 1 | Basic information for the included studies.
[image: Table 1]All four studies successfully described the random sequence generation method; however, one research’s allocation concealment was not well explained. Three studies successfully completed single blinding of the outcome assessment, while one study successfully completed the double-blinded study. The data on all studies were complete. All studies specifically described the interventions and outcome measures, as shown in Figure 2; Supplementary Material S2.
[image: Figure 2]FIGURE 2 | Risk of bias summary.
3.2 Meta-analysis
3.2.1 Fibro-fatty plaque (FFP) volume
All research studies reported the efficacy of FFP, involving a total of 349 patients. There was no heterogeneity among the studies (I2 = 0%, p = 0.94). Fixed-effects model analysis was carried out, and the result showed that compared with the control group, treatment group intervention measures could effectively reduce FFP, and there was a statistically significant difference [WMD = −2.90, 95% CI (−4.79 and −1.00), and p = 0.003], as shown in in Figure 3.
[image: Figure 3]FIGURE 3 | Forest plot for fibro-fatty plaque volume.
3.2.2 Fibrous (FP) plaque volume
All research studies reported the efficacy of FP, involving a total of 349 patients. There was no heterogeneity among the studies (I2 = 0%, p = 0.87); fixed-effects model analysis was carried out, and the result showed that there was no significant difference in the reduction of FP between the treatment group and the control group [WMD = −4.92, 95% CI (−11.57 and 1.74), and p = 0.15], as shown in Figure 4.
[image: Figure 4]FIGURE 4 | Forest plot for fibrous plaque volume.
3.2.3 Necrotic core (NC) volume
Three of the four research studies reported the efficacy of NC, involving a total of 246 patients. There was no heterogeneity among the studies (I2 = 0%, p = 0.42); fixed-effects model analysis was carried out, and the result showed that there was no significant difference in the reduction of NC between the treatment group and the control group [WMD = −2.26, 95% CI (−6.99 and 2.46), and p = 0.35], as shown in Figure 5.
[image: Figure 5]FIGURE 5 | Forest plot for necrotic core volume.
3.2.4 Change dense calcification (change DC) volume
All research studies reported the efficacy of change DC, involving a total of 349 patients. There was no heterogeneity among the studies (I2 = 0%, p = 0.63); fixed-effects model analysis was carried out, and the result showed that there was no significant difference in the reduction of change DC between the treatment group and the control group [WMD = −0.07, 95% CI (−0.34 and 0.20), and p = 0.62], as shown in Figure 6.
[image: Figure 6]FIGURE 6 | Forest plot for change dense calcification volume.
3.3 Subgroup analysis
We conducted subgroup analyses using patients’ continents as the covariable since Asian and European patients had different genetic variables. The result showed that compared with the control group, treatment group intervention measures could effectively reduce FFP in Asian patients; there was a statistically significant difference [WMD = −3.00, 95% CI (−5.08 and −0.91), and p = 0.005], but there was no statistically significant difference [WMD = −2.41, 95% CI (−6.94, 2.11), and p = 0.296] in European patients. Between the treatment group and the control group, there was no statistically significant difference in the reduction of FP, NC, and change DC in Asian or European patients, as shown in Table 2.
TABLE 2 | Results of subgroup analysis.
[image: Table 2]3.4 Publication bias
Publication bias was performed for FP and NC. The findings demonstrated that Egger’s test results were p = 0.20 > 0.05 and p = 0.47 > 0.05, respectively, and funnel plots were used, as shown in Figures 7A, B, indicating the little possibility of publication bias.
[image: Figure 7]FIGURE 7 | Funnel plots for fibrous plaque volume (A) and necrotic core volume (B).
3.5 Trial sequential analysis
TSA were performed for FP and NC. The parameters were set as follows: boundary type was two-side, Type 1 Error α = 5%, Type 2 Error β = 20%, and statistical power 1-β = 80%; the information axis was a sample size. The findings revealed that neither of the Z-curves crosses the traditional boundary values nor the TSA boundary values, and the accumulated information fell short of the required information size (RIS). Therefore, there was no statistically significant difference between the treatment group and the control group in terms of efficacy, and more studies are still required to confirm the efficacy in the future, as shown in Figures 8A, B.
[image: Figure 8]FIGURE 8 | Trial sequential analysis for fibrous plaque volume (A) and necrotic core volume (B).
4 DISCUSSION
Since the endpoints were not published in the original publication as a mean ± standard deviation (mean ± SD), we converted data using the approach described by Luo et al. (2018). In terms of patients, acute coronary syndrome was studied in three trials, and stable angina, in one trial. According to the meta-analysis, patient differences did not cause heterogeneity among studies; compared to the control group, ezetimibe significantly decreased FFP, but it had no statistically significant difference on FP, NC, and change DC. FP and NC did not show any statistically significant differences between the treatment group and the control group, according to TSA, and further research will be required to confirm the efficacy in the future.
According to previous studies, the volume of the compositions in coronary atherosclerotic plaques can be impacted by statins. For example, statins increased FP and decreased FFP, but no change in NC was seen (Nasu et al., 2009). Ezetimibe inhibits the absorption of cholesterol from the intestine by blocking the Niemann–Pick-like 1 receptor. The findings of our meta-analyses demonstrated that ezetimibe combined with statins reduced FFP more significantly than statins alone; however, due to the limited sample size of the included trials, our study was inconclusive in terms of FP and NC, and TSA showed that further research is required. One of the included studies analyzed the whole investigated segment, and it is possible to infer that the changes in the worst segment are different from those in less affected parts of the vessel (Tomas et al., 2012). One study showed that in patients with ACS, additional reductions in LDL-C levels were associated with a reduction in cardiovascular events after ezetimibe combined with statin therapy compared with statins alone (Cannon et al., 2015). According to Newby (2005), both human and animal atherosclerotic plaques have higher levels of matrix metalloproteinase-9 (MMP-9), which can make plaque rupture more likely, resulting in thrombosis. According to Wang et al. (2016) findings, ezetimibe decreased the level of MMP-9. Additional research studies have demonstrated that a local high cholesterol concentration in foam cells can result in cholesterol crystal formation and localized inflammation (Duewell et al., 2010), inducing foam cell apoptosis and final formation of a lipid-rich necrotic core (Geng et al., 2003), while ezetimibe can reduce cholesterol crystal accumulation and plaque inflammation (Kataoka et al., 2015). These provide the basis for suggesting that ezetimibe may increase cardiovascular events due to plaque rupture and increase plaque stability.
According to Hong et al. (2009), statins had no significant effect on DC. The common occurrence of calcification in arteries, which mostly happens in the latter stages of atherosclerosis and has been linked to arterial degeneration and various metabolic diseases, has been thought of as a passive process (Otsuka et al., 2014; Jeevarethinam et al., 2017; Yahagi et al., 2017). According to a recent research study by Cho et al. (2018), both passive and active calcification processes are involved. We are unaware of any studies that demonstrate the ability of ezetimibe to inhibit both passive and active calcification processes, which may account for the lack of a statistically significant difference between the treatment group and the control group in terms of the change dense calcification volume. A study of 101 patients with coronary heart disease (CHD) by the Second Affiliated Hospital of Kunming Medical University (Qi et al., 2021) showed that the smaller the curvature and shallower the depth of dense calcification, the more prone they were to instability and rupture; curvature and depth are independent predictors of plaque rupture in patients with CHD. Future research studies on the effectiveness of ezetimibe on the curvature and depth of dense calcification might be carried out even though this study demonstrated that treatment measures in the treatment group and the control group had no statistical significance in the change dense calcification volume.
Lipid-lowering treatment is a first-line therapy for ACS; all of the included trials showed that the treatment and control groups can decrease total cholesterol (TC) and low-density lipoprotein (LDL) (Tomas et al., 2012; Jung et al., 2016; Mikkel et al., 2017; Kiyoshi et al., 2018), while only one study reported that the treatment group can increase high-density lipoprotein (HDL) (Kiyoshi et al., 2018).
5 INNOVATIONS AND LIMITATIONS
Innovations: As is known, this study is the first meta-analysis and trial sequential analysis to evaluate the efficacy of ezetimibe on the volume of each coronary atherosclerotic plaque composition.
Limitations: Patients with acute coronary syndrome and stable angina made up the majority of the study population, and the pathophysiological mechanisms of the former and the latter were not completely consistent. There may have been some deviation in data conversion because the data from several studies were not presented as the mean ± SD. Statins and their dose of four RCTs were different. A few inconclusive results show up as results of the limited sample size and the overall amount of literature; more high-quality randomized controlled trials can be conducted in the future.
6 CONCLUSION
This meta-analysis demonstrated that, compared to the control group, ezetimibe significantly decreased FFP, but it had no statistically significant difference on FP and NC; trial sequential analysis also showed that the meta-analysis results were inconclusive, and further research will be required to confirm the efficacy in the future. This meta-analysis showed that, compared to the control group, ezetimibe also had no statistically significant difference on change DC.
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Europe 2 0.00 =056 Fixed -241 (-694, 2.11) 105 =029
@ Asia 2 0.00 Fixed -465 (-1169,239) | 129 =019
Europe 2 0.00 Fixed -7.17 (-2761,1327) | 0.69 = 0492
(€] Asia 1 - - - - - =
Europe 2 260 =025 Fixed -5.17 (-1553,5.19) | 098 o
@ Asia 2 0.00 Fixed -003 (-082,077) | 007 =0947
Europe 2 363 Fixed ~0.07 (<037, 0.22) Los0 = 0615

Endpoints: @ fibro-fatty plaque (FFP, mm’); @ fibrous plaque (FP, mm®); ® necrotic core (NC, mm®) ; @ change dense calcification (change DC, mm®*). WMD, weighted mean difference.
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