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Background and Purpose: Multiple guidelines suggest the ω-3 polyunsaturated fatty acids (ω-3 PUFAs) help to prevent major vascular events of coronary heart disease (CHD), but the data on large trials of ω-3 fatty acids are controversial. We reviewed the available evidence to determine the effect of ω-3 PUFAs on coronary atherosclerosis.

Materials and Methods: Literature were from online databases. Randomized controlled trials (RCTs) or observational studies were acceptable. Quantitative data synthesis was conducted using R version 4.1.2. Each outcome was calculated using standardized mean difference (SMD) in a random-effect model. Sensitivity analysis was conducted for each outcome. A total of 21 RCTs and 1 observational study with 2,277 participants were included.

Results: Meta-analysis indicated a benefit of ω-3 PUFAs on coronary atherosclerosis, namely, (1) ω-3 PUFAs can reduce the atherosclerotic plaque volume (SMD −0.18; 95% CI −0.31 to −0.05); (2) ω-3 PUFAs can help reduce the loss of the diameter of the narrowest segments of coronary arteries in patients with CHD (SMD 0.29; 95% CI, 0.05–0.53); (3) ω-3 PUFAs do not have significant effect on volume of lipid plaque in coronary arteries (SMD −1.18; 95% CI −2.95 to 0.58), volume of fiber plaque (SMD 0.26; 95% CI −0.81 to 1.33), and calcified plaque (SMD 0.17; 95% CI −0.55 to 0.89); and (4) ω-3 PUFAs had no significant effect on endothelial inflammatory factors in peripheral blood.

Conclusions: We confirmed that ω-3 PUFAs benefit patients with CHD by reducing the progression of coronary atherosclerosis. We indicated that the benefits were not caused by reducing endothelial inflammations of coronary arteries.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021285139, identifier: CRD42021285139.
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GRAPHICAL ABSTRACT. In order to increase the exposure of our work, we made a graphical abstract: ω-3 PUFAs (ω-3 polyunsaturated fatty acid) reduce coronary atherosclerotic plaques growth and relieve the lesions process of the most stenotic segment of the coronary artery. However, the effects on all main compositions of atherosclerotic plaques (fiberboard, calcified plaque, and lipid plaque) are not statistically significant. Serum soluble vascular cell adhesion molecule-1 (sVCAM-1) level and activation percentage of von Willebrand factor (VWF%) are not significantly affected. The mechanism of ω-3 PUFAs on coronary atherosclerosis may need further studies.


INTRODUCTION

Omega-3 polyunsaturated fatty acids (ω-3 PUFAs) are a class of PUFAs with the first unsaturated double bond between the third and fourth carbon atoms from the methyl end. ω-3 PUFAs have various effects on the cardiovascular system and can provide multiple health benefits for the cardiovascular system (1, 2) via various mechanisms, such as reduction in blood lipids and inflammatory cell aggregation (3–10), and the reduction of triglycerides in the blood is thought to be the main benefit (11). Multiple studies have investigated the association between ω-3 PUFAs supplementation and less coronary atherosclerotic “high-risk” plaque. In fact, atherosclerotic plaques can be mainly classified into four different types, namely, calcified tissue, necrotic or soft tissue, fibrous tissue, and mixed tissue (12, 13). In recent years, many studies tried to determine whether ω-3 PUFAs have a protective effect on coronary atherosclerosis in patients with coronary heart disease (CHD). However, the results among different studies were controversial. For example, Balk et al. (14) reported that ω-3 PUFAs showed prevented effect on restenosis after percutaneous transluminal coronary intervention (PCI). In contrast, Laake et al. (15) suggested that ω-3 PUFAs had no significant clinical effect on CHD. Previous meta-analyses only investigated the relation between ω-3 PUFAs supplementation and major vascular events of CHD. However, there is a lack of information focusing on the effect of ω-3 PUFAs on the pathology of plaques and inflammation level. Therefore, this meta-analysis systematically summarized and analyzed the effects of ω-3 PUFAs on coronary atherosclerosis and inflammation level of vascular endothelial.



METHODS

This meta-analysis was performed following the Preferred Reporting Items for Systematic Reviews and Meta-analyses statement (16) and Cochrane's guidelines (17). It has been registered in the international Prospective Register Of Systematic Reviews (CRD42021285139). The review protocol can be accessed at https://www.crd.york.ac.uk/PROSPERO/. We strictly followed the protocol while conducting this review. All the included studies were confirmed to be free of ethical and moral concerns. Data for the review were analyzed anonymously. So, the need for consent was waived by the ethics committee.


Search Strategy and Selection Criteria

Three reviewers searched articles from Embase database, Web of Science, PubMed, Cochrane Library, Clinical Trial, and China National Knowledge Infrastructure (CNKI) (published from February 1979 to September 2021) for published randomized clinical trials (RCTs) and controlled clinical trials, aiming to assess the effect of ω-3 PUFAs on coronary atherosclerosis in patients with CHD. We used atherosclerotic plaques, ω-3 polyunsaturated fatty acids, vessels, blood, fibroatheroma, and coronary heart diseases as the keywords for the literature search.

The eligibility criteria were (1) interventions for RCTs should be eicosapentaenoic acid (EPA) + docosahexaenoic acid (DHA) at a total dose of no <1 g/day, as recommended to patients with CHD (18) since ω-3 PUFAs are mainly represented by EPA and DHA (19–21). (2) The subjects for coronary imaging should be patients diagnosed with CHD or those with a high risk of CHD determined by the original clinical researchers. The subjects should not include patients with multiple complications; for example, severe diabetes, heart failure, arrhythmia, hypertrophic cardiomyopathy, and cardiac syndrome X and kidney disease would be excluded. (3) All the data needed can be extracted from the research article. (4) Death cases were excluded from endpoint assessment. (5) We included only studies that all the follow-up work completed to ensure the whole data was available. (6) The number of follow-up patients should not be <15, which means the data could be calculated by Cohen's d effect size. (7) Studies on endothelial cell markers could include healthy individuals but with no platelet dysfunction. Studies of bed quality, those with inadequate sample size, incomplete follow-up works, or studies that did not meet the criteria were excluded. Disagreement in literature identifications was reported to another reviewer. The search strategy is provided in Figure 1; Supplementary Appendix 1.
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FIGURE 1. Flowchart of literature identifying.


The primary outcomes were (1) the volume increases in coronary atherosclerotic plaques and (2) reduction in the diameter of the narrowest segments of the coronary arteries. The secondary outcomes consisted of endothelial inflammatory factor levels in the peripheral blood [including activation of von Willebrand factor (VWF%) and content of soluble vascular cell adhesion molecule 1 (sVCAM-1)] and compositions of plaques (fiber plaque, lipid plaque, and calcified plaque).


Selection of Studies

Following the inclusion and exclusion criteria, three researchers (ZG, XY, DZ) screened, selected, and extracted data from studies independently. All the data should be extracted directly from the articles, in the tables or text. Data from images were not contained in this review. Any disagreement was reported to an experienced doctor (HS) to decide whether to include the literature. One reviewer (ZG) conducted data synthesis for all trials. Screening and selection of included trials are shown in a flow diagram (Figure 1).



Data Extraction and Management

Three authors (GZ, YXC, and ZDW) independently extracted clinical variables and outcome data using the retrieval format of population, intervention, control, and outcomes (PICO), i.e., (1) basic information, including publishing year, authors, country, and journal; (2) population: age, gender, complications, country, body mass, history of heart surgery, history of other medications use like stains, and blood lipid levels. We excluded studies with (3) interventions: placebos, type of ω-3 PUFAs, treatment duration of ω-3 PUFAs. (4) Outcome: volume of coronary atherosclerotic plaques and their compositions, loss of diameter of the narrowest segments of the coronary arteries, the content of sVCAM-1, and VWF%. (5) Designs: intergroup or intragroup RCT.



Assessment of Risk of Bias

All included trials were assessed for risk of bias using the following quality scales: (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; and (5) bias in selection of the reported result. Each potential source of bias was graded into three levels, namely, “low,” “some concerns,” and “high.” The quality assessments were performed using R software (version 4.1.1) under the guidance of the Cochrane Handbook (17) and RoB2 (22), the revised Cochrane risk-of-bias tool for randomized trials.



Data Analysis

Heterogeneity among studies was estimated using Cochran's Q test and quantified by the I2 statistic. Each outcome was calculated using a standardized mean difference (SMD) in a random effect model. I2 values of 25, 50, and 75% were thought to indicate a low, moderate, or high heterogeneity (23). We used Cohen's d as the effect for p-values and 95% confidence intervals. Statistical significance was determined using a two-sided α < 0.05. Funnel plots and peter's tests were employed to estimate publication bias. Meta-regression analyses were used to detect possible sources of heterogeneity. Potential publication biases were further determined by the function “trim and fill.” Publication bias was considered significant when the trimmed result led to an inconsistent conclusion. Sensitivity analysis was performed to determine heterogeneity and individual studies' influence on overall estimates. Studies were serially excluded using the function “metainf” for the sensitivity analyses. The included studies in each group were excluded one by one in the method. All data analyses were conducted using R version 4.1.2, using the package “meta” (R Project for Statistical Computing) (R Core Team. R: a language and environment for statistical computing. Vienna R Foundation for Statistical Computing; 2019. https://www.R-project.org).

The results are described based on “Per-Protocol analyses” (24). For the studies available, we adjusted for factors, such as age and body mass index. For outcomes with significant heterogeneity, meta-regression analyses were used to detect possible sources of heterogeneity. We mainly focused on the average age of the population and the duration of follow-up, which were believed to be major factors affecting the effects of medicines.





RESULTS


Description of Studies

A flow diagram of this systematic review is shown in Figure 1. Studies that had not met the inclusion criteria mentioned above were excluded. The literature search yielded 3,879 studies, of which 22 studies (24–45) with 2,277 participants were included in this systematic review and meta-analysis (Table 1). Of the 22 included studies, 21 (24–31, 33–45) were RCTs and 1 was an observational study (32) (Table 1). All follow-up work was completed when studies were identified.


Table 1. Characteristics of studies.
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Of the 22 studies, 2 (9.09%) were at a high risk of bias, 4 (18.18%) were at “some concerns,” and 16 (72.73%) were at low risk of bias (Figure 2). Studies with one domain of high risk and only one domain of “some concerns” were thought to be at “some concerns.” Studies with one “high-risk” domain and two or more domains of “some concerns” were thought to be at “high risk.” Studies with two or more domains of “high risk” were excluded. A comprehensive assessment of the included studies suggests the present evidence of well credibility.


[image: Figure 2]
FIGURE 2. Quality evaluations. (A) Risk biases of each study. S1–S22: 22 studies included in this review, serially. The overall risk was evaluated based on the criteria described previously. (B) Summary of risk biases. The length of each color represents the proportion of the risk.


The mean age of individuals included in the studies was over 50 years old except for one (40), if characteristics were available. All available studies enrolled mainly male participants. Placebos was used in 19 studies (24, 25, 27, 29, 31–45) as the controls, and dietary interventions were used in 3 (26, 28, 30) studies. One observational study (32) used EPA index of 1.9 as the basis for dividing observation and control group. Plaque volume in related studies was measured using imaging techniques, including coronary computed tomographic angiography (24, 35, 38), optical coherence tomography (33, 34), and intravascular ultrasound (25, 32, 38, 41, 44). Characteristics of the included studies were extracted by one of us (GZ), which are described in a table (studies are shown in Table 1). As shown in each forest plots, three studies were conducted in England (26, 28, 31), one in Korea (25), one in Canada (27), five in Japan (32–34, 41, 44), five in Norway (30, 36, 39, 40, 43), one in Iran (29), one in Germany (42), one in Finland (38), three in Israel (24, 35, 37) and one conducted in Finland and the United States (45).



Data Synthesis
 
Primary Outcomes
 
Associations of ω-3 PUFAs and Coronary Atherosclerotic Plaques

A total of seven trials (24, 25, 32, 35, 38, 41, 44) with 947 participants investigated the correlation between ω-3 PUFAs and sizes of coronary atherosclerotic plaques. It was shown that ω-3 PUFAs could reduce the atherosclerotic plaque volume (SMD −0.18; 95% CI −0.31 to −0.05), with a low heterogeneity (I2 = 44%) (Figure 3). Omega-3 PUFAs' effect was significantly protective on atherosclerotic plaques when Niki's et al. (44) study or Ahn's et al. (25) study was excluded, same as shown in the sensitivity analysis (Supplementary Figure S1.1). Heterogeneity did not reduce significantly when studies were excluded serially (Supplementary Figure S1.2). We further explored whether the effect of ω-3 PUFAs supplementation on plaque volume was dose-related. The linear regression showed that there was no significant correlation between the dose of ω-3 PUFAs supplementation and plaque volume change (R2 = 0.09, p = 0.29), same as shown in Supplementary Figures S1.3, S1.4.


[image: Figure 3]
FIGURE 3. Forest plots of associations of ω-3 PUFAs supplementation and coronary atherosclerotic plaques. Point sizes are an inverse function of the precision of the estimates, and bars correspond to 95% CIs. Data are calculated using a random-effect model. RCT, randomized controlled trial; OBS, observational study.




Associations of ω-3 PUFAs Supplementation and Most Stenotic Segment of the Coronary Artery

A total of 936 lesions samples from 462 patients with CHD were included to investigate the association between ω-3 PUFAs and stenosis of the coronary artery, in which 233 patients with CHD received ω-3 PUFAs supplements, and 229 patients received placebos. One study (45) provided data on both EPA and DHA, which we took into account. The pooled data showed that ω-3 PUFAs could help reduce the loss of the diameter of the narrowest segments of CA in patients with CHD (SMD 0.29; 95% Cl 0.05–0.53), with a moderate heterogeneity (I2 = 69%) (Figure 4). ω-3 PUFAs' effect became not significant on the most stenotic segment of the coronary artery when the study Erkkilä et al. (45) was excluded, as shown in Supplementary Figure S2.1. Heterogeneity became 0% when Sacks' et al. (37) study was excluded (Supplementary Figure S2.2).


[image: Figure 4]
FIGURE 4. Forest plots of associations of ω-3 PUFAs and most stenotic segment of the coronary artery. Point sizes are an inverse function of the precision of the estimates, and bars correspond to 95% CIs. Data are calculated using a random-effect model.





Secondary Outcomes
 
Plaque Compositions

As shown in Figure 5, seven studies (24, 32, 33, 35, 38, 41, 44) with a total of 935 patients with CHD reported the effect of ω-3 PUFAs on the volume change of lipid plaque in coronary arteries (SMD −1.18; 95% CI −2.95 to 0.58) with a significant heterogeneity (I2 = 94%). The outcome was stable when studies were excluded serially (Supplementary Figure S3.1). Heterogeneity reduced significantly when Niki's (44) study was excluded (Supplementary Figure S3.2). For Amano's study, we only chose EPA to represent ω-3 PUFAs, which was observed to be significantly different between the acute coronary syndrome (ACS) and non-ACS groups in Amano's participants. It was believed that the conclusions drawn in this way may be more clinically meaningful. Associations between ω-3 PUFAs and volume of fiber plaque were reported by six studies (24, 32, 35, 38, 41, 44) (SMD 0.26; 95% CI −0.81 to 1.33), with a significant heterogeneity (I2 = 94%), same as shown in Figure 5. Both the estimates and heterogeneities were stable when studies were excluded serially (Supplementary Figures S4.1, S4.2). As shown in Figure 5, six studies (24, 32, 35, 38, 41, 44) with a total of 873 patients with CHD reported the effect of ω-3 PUFAs on the volume change of calcified plaque in coronary arteries (SMD 0.17; 95% CI −0.55 to 0.89) with a significant heterogeneity (I2 = 90%). The exclusion of Niki's et al. (44) study led to both a significant prospective effect of ω-3 PUFAs on calcified plaque volume and a very low heterogeneity (Supplementary Figures S5.1, S5.2).


[image: Figure 5]
FIGURE 5. Forest plots of associations of ω-3 PUFAs and coronary atherosclerotic plaque compositions. (A) Lipid plaque volume, (B) fiber plaque volume, and (C) calcified plaque. Point sizes are an inverse function of the precision of the estimates, and bars correspond to 95% CIs. Data are calculated using a random-effect model. RCT, randomized controlled trial; OBS, observational study.


Outcomes suggest that ω-3 PUFAs have no significant effect on the volume of atherosclerotic plaque compositions.



sVCAM-1 and VWF%

In eight studies (27, 29–31, 36, 39, 40, 43), a total of 740 participants were included to investigate the association between ω-3 PUFAs and sVCAM-1 level in peripheral blood. The results showed that ω-3 PUFAs had no significant effect on sVCAM-1 in peripheral blood (SMD −0.02; 95% Cl −0.28 to 0.23), with a moderate heterogeneity (I2 = 54%) (Figure 6). Outcomes were stable when studies were excluded serially, heterogeneity significantly reduced when Mirfatahi's study (29) was excluded (Supplementart Figures S6.1, S6.2).


[image: Figure 6]
FIGURE 6. Forest plots of associations of ω-3 PUFAs and endothelial cell markers. (A) sVCAM-1; (B) VWF%. Point sizes are an inverse function of the precision of the estimates, and bars correspond to 95% CIs. Data are calculated using a random-effect model.


Six studies (26, 28, 36, 39, 43, 45) focus on the activation of VWF (VWF%). One study (28) reported both EPA and DHA's effect on activation of VWF, which we discussed, respectively. A total of 478 CHD participants were included, and 541 were calculated to investigate the association between ω-3 PUFAs and VWF activation in peripheral blood. The results showed that ω-3 PUFAs had no significant effect on VWF% (SMD −0.10; 95% Cl −0.42 to 0.22), with a moderate heterogeneity (I2 = 63%) (Figure 6). Estimates were stable when studies were excluded, and heterogeneity reduced significantly when Lee's et al. (26) study was excluded (Supplementary Figures S7.1, S7.2).

In summary, we suggested that ω-3 PUFAs have no significant effect on endothelial inflammatory factors in peripheral blood.





Publication Bias

Publication bias was detected in the outcome on lipid plaque volume. The trimmed result led to a consistent conclusion, which suggested a negative publication bias, as shown in Supplementary Figures S8.1–S8.3. Publication bias was not found in other outcomes, as shown in funnel plots and Peter's tests (Supplementary Figures S9.1–S9.6, S10.1–S10.6). Pooled results of publication bias tests, sensitivity analyses, and quality assessments suggest conclusions of the present meta-analysis of high quality. The standardized mean difference, sensitivity analysis, heterogeneity and publication bias (Peter's test) for each outcome in the present review were summarized in Table 2.


Table 2. Summary of findings.
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The results of meta-regression failed to confirm the influence of the average age of the population or the length of follow-up on the results. The quantitative results of meta-regression are described in Supplementary Figures S11.1–S11.12. The meta-regression curves are described in Supplementary Figures S12.1–S12.12.




DISCUSSION

This study is based on 22 studies, which included 2,277 participants. The large evidence base, obtained through multiple databases, provided us with more information on the effect of ω-3 PUFAs in CHD pathology. Our data showed that ω-3 PUFAs significantly slowed the atheromatous plaque volume increases of coronary arteries.

To the best of our knowledge, this meta-analysis was the first study that summarized the effect of ω-3 PUFAs on coronary atherosclerosis and analyzed potential mechanisms. We first explored the potential effect of ω-3 PUFAs on lipid plaque, fibrous plaque, calcified plaque, and two important endothelial inflammatory factors (sVCAM-1 and VWF). Our data showed that ω-3 PUFAs had an effect on the plaque growth in coronary arteries of patients with CHD, which was consistent with other studies. Previously, many studies have proved the efficiency of ω-3 PUFAs on the prevention of major vascular events, with an unclear mechanism (46–50). We suggested that ω-3 PUFAs may slow the growth of plaque in coronary arteries and then delay the progression of atherosclerosis. The effect of ω-3 PUFAs supplementation on plaque volume was not dose-related. We indicated that the chief mechanisms may not contain ω-3 PUFAs' effect on lipid, fibrous, or calcified compositions or endothelial inflammatory factors. Moreover, previous reports had suggested that the outcomes of ω-3 PUFAs supplementation may vary by patients' prior medications, such as stains (51). However, this meta-analysis demonstrated no heterogeneity in the effects of ω-3 PUFAs on plaque size of patients with CHD with/without the use of stains. Besides, we investigated the effect of ω-3 PUFAs on the lumen of coronary arteries. The data showed that ω-3 PUFAs contribute to the changes of the lumen of coronary arteries. The full-text review of the literature showed that in a considerable number of patients, even if ω-3 PUFAs reduced the progression of some lesions, the overall lesions were still deteriorating. We suggested that atherosclerosis is an inevitable disease of aging, contributed by various pathological changes, and the effect of ω-3 PUFAs might be limited.

Several studies have reported that ω-3 PUFAs can cause changes in arterial intimamedia thickness (52, 53), which may also be associated with the changes in the lumen of coronary arteries.

In patients with CHD, sVCAM-1 is closely related to atherosclerosis lesions in the early stage (54–56), in stable and unstable angina and acute myocardial infarction, by accelerating mononucleosis accumulates into endothelial cells (57). Von Willebrand factor is another important marker for the inflammatory activity of the vascular endothelium (58–60), especially activation rate (VWF%). Receptors and cytokines that participated in the process may include G protein-coupled receptors 120, cyclooxygenase-2, induced nitric oxide synthase 2 (61), interleukin 1 beta, and interleukin 6 (62). Outcomes on VWF% and content of sVCAM-1 both suggested that ω-3 PUFAs did not reduce the inflammatory responses of peripheral vessels.

Fiber plaque is also one of the major compositions of coronary atherosclerotic plaque that consists of a large number of collagen fibers, a few elastics and proteoglycans, foam cells, extracellular lipids, and inflammatory cells (12). Lipid pool and granulation tissue reaction could only be seen in the late stage of the lesion (63). This suggests that collagen fibers are the main component of fiber plaques. The volume of collagen fibers is mainly affected by inflammatory factors and inflammatory cells (64). As mentioned earlier, inflammatory activity was not significantly affected by ω-3 PUFAs. This explains why the volume of fibrous plaques is not affected by ω-3 PUFAs. Therefore, we confirmed that the change of fiber plaque volume is not one of the main causes for the reduction of growth of atherosclerotic plaques. The formation of calcified plaques is considered to be due to the accumulation of crystalline calcium in the lipid bodies of the nucleus. Some scholars reported that sheet calcification is highly prevalent in stable plaques, while microcalcifications, punctate, and fragmented calcifications are more frequent in unstable lesions, which means calcification of different degrees may play a dual role in the stability of coronary atherosclerotic plaques (65). This suggests that the result of the current meta-analysis on calcification plaques may be due to differences in calcification in different populations.

Previous studies have demonstrated that the formation of plaques plays a key role in the pathology of CHD (66). Thrombotic lesions are composed of a fibromuscular cap overlying a large necrotic tissue core containing macrophages and lipid core. However, there exist other plaques that contain more fibrotic tissues, and these types of plaques are likely to rupture and generate thrombosis. Therefore, depending on plaque composition, coronary artery disease may predispose to stable angina or unstable angina (67). We fail to suggest whether ω-3 PUFAs benefit more to patients with stable or unstable angina.

A previous study reported the controversial role of ω-3 PUFAs on cardiovascular events in severe and lethal cardiovascular events—some reported protective effects (46–50)—while others reported no significant effects (68, 69). Our review explained the effect of ω-3 on segments of severe lesions at a more microscopic level. By summarizing the data, we found that ω-3 PUFAs reduced the lesion of the narrowest segments, which supported the former conclusion mentioned above. Studies have shown that regular intake of both EPA + DHA as supplements may bring benefits for patients with CHD through reduction of arrhythmias, endothelial dysfunction, and inflammation (70, 71). This review actually challenges the inflammatory mechanism. Safi's et al. (46) review also gave an interpretation that EPA monotherapy brings more profiles for patients with CHD than treatment with EPA + DHA, and the physiological mechanism cannot be reflected in this review.

Heterogeneity was generally moderate among the measures in this review. We analyzed the heterogeneity through sensitivity analyses and detected several potential sources. We further full-text reviewed the included studies. The possible sources of heterogeneity are summarized as follows. (1) Statistical heterogeneity: some studies use a quartile spacing table, while others use mean and standard deviation to represent the outcomes, which may generate statistical heterogeneity in the process of merger and transformation. (2) Standardized patients are rarely used in the existing interested studies, and different ethnic populations and those with comorbidities may produce heterogeneity. We conducted a sensitivity analysis for impact factors of each outcome and provided the results in Supplementary Figures S5.1–S5.10. (3) Heterogeneity may result from different designs of the studies, including the length of follow-up and the criteria of the population included in the follow-up measurement, for the reason that the progression of the lesions may vary in different populations with different duration. However, the results of meta-regression failed to confirm the influence of the average age of the population or the length of follow-up on the results. (4) The imaging methods and kits used in the evaluation of coronary atherosclerosis and the measurement of endothelial factors vary greatly.

This review has some limitations; the chief among them is the inadequacy of participants. Available studies for each outcome fail to provide a sufficient sample size of more than 5,000 totally, which was needed to produce a definitive conclusion. As most of the participants in this study were elderly people over 50 years old and male patients accounted for the majority, the conclusions obtained in this review were more applicable to elderly male patients with CHD. However, due to the age and gender tendency of CHD, we did not use age or gender ratio as a special factor to perform a subgroup analysis and bias evaluation. It was hard to explain inconsistent conclusions on total plaque volume and volume of the main plaque compositions. The weak robustness of some of the outcomes needs to be noted. There have been noticeable changes in both the result and heterogeneity of some outcomes when some studies were excluded. Hence, some conclusions may be considered more cautiously. We fail to determine the specific linear relationship between the change of total atherosclerotic plaques volume and volume of the plaque compositions because the volume change of plaque compositions cannot be judged under the current statistical standard, which may need further studies. It is worth noting that a large portion of the high-quality studies interested in the effect of ω-3 PUFAs on inflammatory response focused on healthy individuals. This prevents us from directly demonstrating the relationship between ω-3 PUFAs and coronary inflammations.

Important questions remain regarding ω-3 PUFAs and coronary atherosclerosis. Chief among them is the lack of large-scale random controlled trials or cohort studies reporting the association between ω-3 PUFAs and coronary atherosclerosis. Currently available studies only include dozens to more than 100 samples, which was thought to be unable to produce more convincing conclusions. The portion of the studies included in this review had a short follow-up period, which is also a common problem in many current clinical studies on ω-3 PUFAs. More studies with long-term follow-up are needed to confirm the effects of ω-3 PUFAs on the cardiovascular system through long-term effects on lipids or inflammatory cytokine levels. Larger-scale studies are needed to confirm the effect of ω-3 PUFAs so as to provide more credible evidence.

We confirmed that ω-3 PUFAs benefit patients with CHD by reducing the progression of coronary atherosclerosis. We indicated that the benefits may not be caused by reducing endothelial inflammations of coronary arteries.
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Outcomes SMD (95%Cl) 2 (%) Peter’s test Sensitivity interval

T-value P-value
Most stenotic segment of the coronary arteries 029 0.05 053 69% 1.74 0.1576 01742 03415
VWF% -0.1 —0.42 0.22 63% -0.16 0.8797 -0.191 0.0122
SVCAM-1 -0.02 -0.28 0.23 54% -1.18 0.2828 —-0.1564 0.2814
Effect on calcified plaques volume 0.17 -0.56 0.89 90% 1.69 0.1663 —0.1564 0.2814
Effect on volume of coronary atherosclerosis plagues -0.18 -0.31 —-0.05 44% —-04 0.7036 -0.2127 -0.1314
Effect on fiber plaques volume 0.26 -0.81 1.33 94% -1.02 0.3645 —0.2389 0.4765
Effect on lipid plaques volume -1.18 -2.95 0.58 94% -5.58 0.0026 —0.2553 -1.3775

SMD, standardized mean difference; Cl, confidence interval; sensitivity interval: the range of SMD variation in the sensitivity analysis; T, effect size of Peter's test. Peter’s test is used for
the evaluation of publication bias.
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