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Background: Proprotein convertase subtilisin/kexin type 9 (PCSK9), a pivotal protein in low-density lipoprotein cholesterol metabolism, has been validated to be an established target for cardiovascular (CV) risk reduction. Nevertheless, prospective studies concerning the associations between circulating PCSK9 and the risk of CV events and mortality have yielded, so far, inconsistent results. Herein, we conducted a meta-analysis to evaluate the association systemically.

Methods: Pertinent studies were identified from PubMed, EMBASE, and Cochrane Library database through July 2020. Longitudinal studies investigating the value of circulating PCSK9 for predicting major adverse cardiovascular events (MACEs) or stroke or all-cause mortally with risk estimates and 95% confidence intervals (CI) were included in the analyses. Dose-response meta-analysis was also applied to evaluate circulating PCSK9 and risk of MACEs in this study.

Results: A total of 22 eligible cohorts comprising 28,319 participants from 20 eligible articles were finally included in the study. The pooled relative risk (RR) of MACEs for one standard deviation increase in baseline PCSK9 was 1.120 (95% CI, 1.056–1.189). When categorizing subjects into tertiles, the pooled RR for the highest tertile of baseline PCSK9 was 1.252 (95% CI, 1.104–1.420) compared with the lowest category. This positive association between PCSK9 level and risk of MACEs persisted in sensitivity and most of the subgroup analyses. Twelve studies were included in dose-response meta-analysis, and a linear association between PCSK9 concentration and risk of MACEs was observed (x2 test for non-linearity = 0.31, P non-linearity = 0.575). No significant correlation was found either on stroke or all-cause mortality.

Conclusion: This meta-analysis added further evidence that high circulating PCSK9 concentration significantly associated with increased risk of MACEs, and a linear dose-response association was observed. However, available data did not suggest significant association either on stroke or all-cause mortality. Additional well-designed studies are warranted to further investigate the correlations between PCSK9 concentration and stroke and mortality.
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INTRODUCTION

Proprotein convertase subtilisin/kexin type 9 (PCSK9), a circulating serine protease, has a fundamental role in low-density lipoprotein cholesterol (LDL-C) metabolism by enhancing the endosomal and lysosomal degradation of hepatic LDL-Receptor, thereby resulting in increased LDL-C concentration.

Over the past years, PCSK9 has been validated to be an established target for cholesterol-lowering therapies. Three randomized, double-blind, placebo-controlled cardiovascular (CV) outcome trials were completed and demonstrated that PCSK9 monoclonal antibodies significantly reduce plasma LDL-C level and major vascular events in subjects with high CV risk (1–3). The prespecified analyses designed to assess the effect of PCSK9 inhibitors on stroke demonstrated a reduction in risk of ischemic stroke (IS) without increasing hemorrhagic stroke, irrespective of baseline LDL-C and of prior IS history (4, 5). Moreover, emerging evidence has suggested that PCSK9 exerts pleiotropic effects beyond plasma LDL regulation, implying that PCSK9 might be a CV risk factor independent of LDL-C (6).

Circulating concentration of PCSK9 has attracted scientific interest as a biomarker for CV risk stratification. In recent years, mounting studies have explored the association between circulating PCSK9 and the risk of CV events; however, the results remained divergent. Werner et al. reported that elevated PCSK9 serum concentrations are correlated with CV events in patients with stable coronary artery disease (7). Nevertheless, Khoury et al. assessed the association and found that PCSK9 was inconsistently associated with CV events in two diabetes cohorts (8). In a large-scale primary prevention cohort, plasma levels of PCSK9 measured at baseline did not predict future CV events (9). Therefore, an updated meta-analysis concerning this topic was performed to improve statistical power and investigate the possible source of heterogeneity between published studies. Our meta-analysis differed from previously published meta-analyses by the inclusion of more recent studies, the inclusion of stroke as clinical outcome, exploring more potential aspects for heterogeneity sources. Accordingly, we conducted the current meta-analysis to add substantive new data and insights into the predictive ability of circulating PCSK9 level in terms of major adverse cardiovascular events (MACEs), stroke, and all-cause mortality from the eligible prospective studies.



METHODS


Search Strategy and Selection Criteria

In accordance with recommendations of the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group (10), we searched electronic databases (PubMed, Embase, and Cochrane) up to July 2020 using a combined MeSH heading and keyword search strategy; the query syntax of searching was shown in the Supplementary Materials (see search strategy). To avoid missing any relevant study, we also checked and manually searched the references of the included articles.



Study Selection

Studies were deemed eligible if they: (1) included participants of any age across different countries; (2) had PCSK9 levels in plasma or serum at baseline as exposure of interest; (3) had clinical outcomes including MACEs and/or stroke and/or all-cause mortality; (4) were prospective cohort studies or nested case-control studies performed within prospective cohort with a minimum follow-up of 1 year; (5)were full-text publications; (6) had a multivariable-adjusted relative risk (RR) or hazard ratio (HR) or odds ratio (OR) and the corresponding 95% confidence interval (CI) or provision of available information to calculate them. MACEs were defined as composite outcomes, including fatal and non-fatal coronary artery disease (CAD), fatal and non-fatal stroke, and heart failure. In order to better evaluate the causality between PCSK9 concentration and the clinical outcomes, we included only prospective cohort studies or prospective nested case-control studies.



Data Extraction and Quality Assessment

Two reviewers (YZ and WC) independently searched, selected studies and extracted data. The disagreement between the two reviewers was resolved by consensus. The following data were extracted from each study: the last name of the first author, year of publication, country of study, type and amount of participants, study type, the proportion of men, mean age, duration of follow-up, number of outcome events, CV risk status, the measurement method of PCSK9, mean or median concentration of PCSK9, sample source, adjusted confounding factors, statin use, the history of family hypercholesterolemia (FH), and the most fully adjusted HRs or RRs or ORs with 95% CIs of circulating PCSK9.

Using the Newcastle-Ottawa Scale (NOS), the quality of the included studies was assessed (11). Each study was evaluated on three broad criteria: (1) subject selection; (2) comparability of the subjects; and (3) ascertainment of the outcome or exposure. Two reviewers independently evaluated the quality of each study. Disagreements were resolved through discussion to reach a consensus. A star system ranging between zero to nine stars is used to allow a semi-quantitative assessment of study quality. Studies which scored seven points or more were considered high quality.



Statistical Analysis

The risk estimates of the association between PCSK9 and the outcomes of interest in each study were reported as a HR, RR, or OR with 95% CI. Risk estimates adjusted for the maximum number of covariates were pooled across studies for inclusion in the meta-analyses. In this meta-analysis, all associations were estimated as RRs and 95% CIs. HRs were approximately considered as RRs, which have been commonly used in previous studies (12). ORs were transformed into RRs using the formula RR = OR/[(1−P0) + (P0 × OR)] where P0 is the incidence of the outcome of interest in the non-exposed group, and OR was considered equivalent to the RR in cohort studies if the value of P0 was small (13). Both continuous (per one unit or one standard derivation (SD) increase) and categorical (tertiles or quartiles) variables of circulating PCSK9 were used in the included literature. In order to acquire a consistent comparison of the results, we transformed the RR of each study to standard risk estimates for 1-SD increase in PCSK9 levels, as well as for the highest tertile vs. lowest one for PCSK9 distribution using methods described previously (14, 15); briefly, these transformed estimates were calculated by multiplying the log RR and the upper and lower CIs for 1-SD increase with a scaling factor (2.18 for tertiles, and 2.54 for quartiles). The scaling methods assume that the PCSK9 is log-normally distributed and a log-linear association with the outcome. For normally transformed PCSK9, RR reported per unit were first converted to 1-SD increase, using the study-specific SD and then to tertiles.

Heterogeneity of RRs was evaluated by calculating the Cochrane Q statistic (P < 0.10 was deemed to be statistically significant) and the I2 statistic (low heterogeneity, I2 ≤ 50%; moderate heterogeneity, 50% < I2 < 75%; high heterogeneity, I2 ≥ 75%) (16). We pooled the RRs of the outcomes of interest using the random effects model (I2 > 50%, the DerSimonian-Laird method) or fixed effects model (I2 ≤ 50%, the Mantel-Haenszel method) as appropriate. To test the robustness of the pooled results, sensitivity analyses were conducted by leave-one-out method in each turn to investigate the influence of every single study on the overall risk estimate (17), and by excluding two nested case-control studies.

To assess the potential sources of heterogeneity, subgroup analyses which sorted by published year, mean age at baseline, sample size, CV risk, percentage of the history of FH, sample source, percentage of statin use, PCSK9 level at baseline, the assays for PCSK9 measurement, and degree of adjustment were performed. High CV risk cohort referred to participants in the studies with established CVD or known CVD risk factors (such as chronic renal disease, atrial fibrillation, type 2 diabetes, familial hypercholesterolemia, and hemodialysis) and low CV risk cohort to apparently healthy participants at baseline. Mean/median level of PCSK9 at baseline for included studies were extracted, and 258 ng/mL, the median for the 21 cohorts, was used as the cut-off point. A univariate meta-regression with restricted maximum likelihood was performed to measure if pooled RR significantly differed between each stratum analyzed.

Additionally, a dose-response meta-analysis was further conducted to determine a potential curvilinear (non-linear) or linear association between circulating PCSK9 and risk of MACEs. We used the two-stage generalized least-squares trend (GLST) estimation method proposed by Greenland and Longnecker to estimate the study-specific slope lines first and then derive an overall average slope (18, 19). This method requires the cases and cohort size/control subjects of each category and the risk estimate with its variance estimate for at least three quantitative exposure categories to be known. We excluded the studies without the aforementioned values required for the dose-response meta-analysis or without sufficient data for deriving them. The dosage value assigned to each stratum of PCSK9 was the median or mean in each category provided by the original article. In terms of the studies not containing median/mean, the midpoint was used for closed category and the same amplitude as the adjacent category for the open-ended highest or lowest category. A restricted cubic spline with three knots (two spline transformations) was first created, and then a P for non-linearity was calculated to detect potential departure from a linear trend by testing the coefficient of the second spline equal to zero. In the presence of substantial linear trends (Pnon−linearity > 0.05), a linear model was conducted to achieve the association between circulating PCSK9 and the risk of MACEs by using the method of two-stage GLST (19).

The possibility of publication bias of the outcome of MACEs was assessed graphically by funnel plots and quantitatively by Begg's rank correlation test and Egger's linear regression test (20, 21). Where asymmetry of the plot was found, a contour-enhanced funnel with the trim and fill method was further applied to differentiate asymmetry due to publication bias from that due to other factors (22). Statistical analysis was performed with STATA package, version 15.1 for Mac (StataCorp, College Station, TX, USA). P < 0.05 was considered statistically significant, except where otherwise specified.




RESULTS


Literature Search and Study Characteristics

Our initial search returned 1,245 articles. After we screened titles and abstracts, 29 articles were qualified for full-text evaluation. After full-text review, nine studies were excluded, and 22 eligible cohorts from 20 eligible articles were finally included for meta-analysis (7–9, 23–39). Figure 1 demonstrates a flowchart for the study selection.


[image: Figure 1]
FIGURE 1. PRISMA flow diagram for the study selection procedure.


Table 1 summarizes the main characteristics of the included studies. Among the 20 articles, 19 articles were included in the analysis of MACEs, and six (8, 25, 26, 31, 34, 35) were in the all-cause mortality. The publication period of these articles ranged from 2014 to 2020, and the sample size of each study range from 151 to 5,307, with a total of 28,319 participants. Two studies were nested case-control studies, and the others were prospective cohort studies. According to quality assessment criteria, all but one studies were graded as high quality. A total of 12 studies reported risk estimates according to tertiles, two studies according to quartiles, and 16 studies according to continuous levels of PCSK9.


Table 1. Main characteristics of the included article.
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Association Between PCSK9 and MACEs


PCSK9 as a Continuous Variable

As shown in Figure 2A, RRs of the risk of MACEs for an increase in baseline PCSK9 by 1-SD varied from 0.89 to 2.26 across different cohorts, and a significantly positive association was found when pooling the risk estimate in a random-effect model (RR 1.120; 95% CI: 1.056–1.189; P < 0.001), with moderate heterogeneity across studies (I2 = 66.30%; Pheterogeneity < 0.001).


[image: Figure 2]
FIGURE 2. Associations between circulating proprotein convertase subtilisin/kexin type 9 and risk of major adverse cardiovascular events. (A) Per one standard derivation increase in baseline proprotein convertase subtilisin/kexin type 9 levels, (B) top vs. bottom tertile of baseline proprotein convertase subtilisin/kexin type 9. CFH indicates Cardiovascular and Renal Outcome in CKD 2–4 Patients—The Forth Homburg evaluation; LURIC, Ludwigshafen Risk and Cardiovascular Health Study; DIABHYCAR, Non-Insulin Dependent Diabetes, Hypertension, Microalbuminuria or Proteinuria, Cardiovascular Events and Ramipril; SURDIAGENE, Survie, Diabète de type 2 et Génétique; ES, effect size; CI, confidence intervals.


Considering the aforementioned moderate heterogeneity between the included studies, we further conducted subgroup analyses based on potential clinical relevance (Figure 3A). The positive association between PCSK9 level and risk of MACEs persisted in most of the subgroup analyses. The association was much stronger in studies with a high percentage of FH (RR 2.038; 95% CI: 1.576–2.634; P < 0.001) than those with a low percentage (RR 1.085; 95% CI: 1.035–1.138; P = 0.001); the heterogeneity was also reduced, indicating that the source of heterogeneity appeared to be contributed by the medical history of FH. High baseline PCSK9 level was only significantly associated with increased MACEs in studies with a higher degree of cofounder adjustment (RR 1.149; 95% CI: 1.057–1.248; P = 0.001) but not in those with a lower degree (RR 1.085; 95% CI: 0.994–1.189; P = 0.067).


[image: Figure 3]
FIGURE 3. Subgroup analyses for circulating proprotein convertase subtilisin/kexin type 9 and the risk of major adverse cardiovascular events. (A) Per one standard derivation increase in baseline PCSK9 levels, (B) top vs. bottom tertile of baseline PCSK9. P†, for heterogeneity within each subgroup with Q-test. P‡, for difference between subgroups with meta-regression analysis. FH, family hypercholesterolemia; PCSK9, Proprotein convertase subtilisin/kexin type 9; CV, cardiovascular; RR, relative risk; CI: confidence intervals.


For sensitivity analysis, exclusion of any single study did not immensely alter the combined risk estimate (Supplementary Figure 1A). After excluding two nested case-control studies, the combined RR did not substantial change (RR 1.139; 95% CI: 1.064–1.220; P < 0.001; I2 = 66.90%; Pheterogeneity < 0.001).



PCSK9 as a Category Variable

Considering the fact that most of the included articles reported circulating PCSK9 as tertiles, we also compared individuals within the top tertile with the bottom tertile of circulating PCSK9 levels at baseline. Overall, there was a significant association between the highest PCSK9 tertile and the risk of MACEs (RR, 1.252; 95% CI: 1.104–1.420) (Figure 2B), with moderate heterogeneity across studies (I2 = 63.10%; Pheterogeneity < 0.001).

Subgroup and sensitivity analyses for category PCSK9 achieved similar results to the analyses mentioned above for PSCK9 per 1-SD increase (Figure 3B, Supplementary Figure 1B); Yet, when pooling the risk estimate for cohorts using ELISA (CycLex, Japan) independently, the correlation between baseline PCSK9 and MACEs lost significance (RR, 1.302; 95% CI: 0.998–1.697).



Dose–Response Meta-Analysis

Among the 19 articles concerning PCSK9 and MACEs, seven articles were excluded because of lack of cases or cohort size or the risk estimate of each category, and 12 articles were finally involved in the dose-response meta-analysis (7–9, 25, 27–29, 31–33, 35, 38). Using a restricted cubic spline model, no significantly curvilinear (non-linear) association was observed through a test for non-linearity (x2 test for non-linearity = 0.31, P non-linearity = 0.575). The linear dose–response curve demonstrated that the risk of MACEs increased slightly with elevation of PCSK9 concentration (Figure 4).


[image: Figure 4]
FIGURE 4. Linear dose–response of relationship between circulating PCSK9 concentration and risk MACEs. RR, relative risk.





Association Between PCSK9 and Stroke

In total, only two studies (8, 28), including three cohorts reported results on stroke (Supplementary Figure 2). Baseline PCSK9 could not significantly predict stroke when combining risk estimate by random effect models both for per 1-SD increase (RR, 1.022; 95% CI: 0.771–1.354; I2 = 57.6%, Pheterogeneity = 0.095) and for the highest tertile vs. the lowest tertile (RR, 1.051; 95% CI: 0.567–1.918; I2 = 63.1%, Pheterogeneity < 0.001).



Association Between PCSK9 and All-Cause Mortality

The association between PCSK9 levels and risk of all-cause mortality was investigated in six studies (8, 25, 26, 31, 34, 35). The pooled RR of all-cause mortality in fixed-effect model for 1-SD increase in baseline PCSK9 was (RR 1.007; 95% CI: 0.950–1.068; I2 = 12.60%, Pheterogeneity = 0.334) (Figure 5A). For subjects distributed in the highest tertile of baseline PCSK9, the pooled RR was (RR 1.036; 95% CI: 0.909–1.181; I2 = 27.00%, Pheterogeneity = 0.222) (Figure 5B).


[image: Figure 5]
FIGURE 5. Associations between circulating proprotein convertase subtilisin/kexin type 9 and risk of all-cause mortality. (A) Per one standard derivation increase in baseline proprotein convertase subtilisin/kexin type 9 levels, (B) top vs. bottom tertile of baseline proprotein convertase subtilisin/kexin type 9. DIABHYCAR indicates Non-Insulin Dependent Diabetes, Hypertension, Microalbuminuria or Proteinuria, Cardiovascular Events, and Ramipril; SURDIAGENE, Survie, Diabète de type 2 et Génétique; ES, effect size; CI, confidence intervals.




Small-Study Effect and Publication Bias

The funnel plot for the correlation between PCSK9 and MACEs showed asymmetry (small-study effect) at its bottom (Figure 6), which was confirmed by Begg's and Egger's test (P = 0.020, 0.016, respectively).


[image: Figure 6]
FIGURE 6. Funnel plot of the association between circulating proprotein convertase subtilisin/kexin type 9 concentration and major adverse cardiovascular events. RR, relative risk.


Whereas, the contour-enhanced funnel plot with four filled studies estimated from the trim-and-fill method plotted (Figure 7) demonstrated that the “missing” studies were expected to lie in areas of high statistical significance, indicating that the small-study effect may not be due to publication bias.


[image: Figure 7]
FIGURE 7. Contour-funnel plot of circulating proprotein convertase subtilisin/kexin type 9 concentration and major adverse cardiovascular events with “filled” studies estimated from the trim-and-fill method plotted. RR, relative risk.





DISCUSSION

Our study is an updated meta-analysis investigating the predictive role of circulating PCSK9 with clinical outcomes. In the present meta-analysis, 20 published articles, namely, 19 studies on MACEs, three studies on stroke, and six studies on all-cause mortality, involving a total of 28,319 participants were included. The result indicated that the PCSK9 level is an independent predictive marker for MACEs with a 25% increased risk while compared with the lowest tertile, and per unit of SD change in baseline PCSK9 corresponds to an increase of 12%. A dose-response meta-analysis between circulating PCSK9 concentration and MACEs risk was conducted further, and a linear dose-response relationship was observed. However, a significant association either with stroke or all-cause mortality was not suggested in the study.

Since substantial heterogeneity was observed across studies for MACEs, subgroup and meta-regression analysis were employed to get more reliable pooled risk estimates. Despite consistent results found in most of the subgroup analyses, heterogeneity could be partially explained by the percentage of FH history in the study (i.e., more robust association in studies with a high percentage of FH history).

The association between circulating PCSK9 level and CV risk has been investigated in three previous meta-analyses. In line with the findings reported by Vlachopoulos et al., Qiu et al., and Xiao et al., circulating PCSK9 is associated with increased CV risk when compared the highest with the lowest category (40–42). PCSK9 increases LDL concentration by enhancing LDLR degradation and preventing LDLR recirculation back to the cell membrane (43). Apart from regulating cholesterol metabolism by directly targeting LDLR, experimental studies suggested that PCSK9 could affect vascular biology and accelerate the progression of atherosclerosis via other mechanisms (44). Increased expression of PCSK9 is related to oxidized LDL-induced apoptosis in endothelial cell, which may give rise to subsequent endothelial dysfunction and pathogenesis of atherosclerosis (45). It is noteworthy that PCSK9 is also expressed in atherosclerotic plaque; PCSK9 released by vascular smooth muscle cells reduces LDLR expression and thus prevents the uptake of LDL cholesterol, which is associated with lipid accumulation, oxidation, and plaque formation (46). Furthermore, some studies have demonstrated that the development of atherosclerosis by PCSK9 also correlates with platelet activation, blood pressure regulation and glucose metabolism (29, 47, 48). In view of the aforementioned functional diversity of PCSK9, it is rational to consider its circulating level as a potential atherogenic risk marker for CV events.

Incongruent results were yielded in previous meta-analyses when stratifying participants according to CV risk (40, 41); Vlachopoulos et al. found that high concentration of PCSK9 associated with increased risk of CV events in the general population but not in the high-risk population, while similar significant associations were observed both in low- and high-CV risk subgroups by Qiu et al. We pooled more recent articles, mostly focusing on high-CV risk patients in the pooling analysis, which reinforced the significant correlation regardless of the degree of CV risk. Additionally, CV outcome trials have already been conducted and shown that PCSK9 inhibitors effectively reduce LDL-C and MACEs in high-risk patients with atherosclerotic CVD (1, 3). However, to date, no studies have accessed whether PCSK9 inhibitors could be used for CV prevention in the general population. Moreover, several longitudinal studies suggested that higher PCSK9 concentration was associated with the development of carotid atherosclerosis in populations free of cardiovascular disease (CVD) at baseline (49, 50). Hence, it may be worth investigating the potential role of PCSK9 inhibitors for primary CV prevention.

It is known that FH is a special group of the population who has genetic mutations resulting in persistent lifelong extremely raised LDL-C levels, premature CAD and systemic atherosclerosis (51). To the best of our knowledge, the present study is the first circulating PCSK9 meta-analysis to include studies with a high percentage of FH participants. As a special part involved in a high CV risk group, a much stronger association was found in participants with FH (as mentioned above), which might partially attribute to lifelong exposure of elevated LDL-C and substantially increased risk of early atherosclerosis among these participants (47, 52). By removing two studies specifically focusing on FH participants from the meta-analysis of MACEs (28, 33), heterogeneity mildly reduced (I2 = 48.60%, P = 0.009, Pfor interaction = 0.001). The reduced heterogeneity might also indicate the heterogeneous nature of FH population, as reported in previous studies that the predictive value of some traditional risk factors for future MACEs was different from the general population (53, 54) Of note, although PCSK9 showed the prognostic value in FH patients, further steps are still needed to confirm it in large cohorts and different ethnic population.

It has been well-elucidated that PCSK9 antibodies significantly decrease the risk of stroke in randomized trials of therapeutic PCSK9-inhibition as comparable to the effect on MACEs. Nevertheless, it remains controversial whether PCSK9 variants associates with risk of stroke (55–57). A mendelian randomization study involving 10307 IS cases and 19,326 controls of European ancestry showed a weaker effect of PCSK9 on IS risk than on coronary heart disease (CHD) risk (58). These findings indicated that the impact of PCSK9 on the risks of IS might be of more complexity; unlike homogenous phenotype in CHD, IS involves etiological heterogeneity with different subtypes (such as large artery atherosclerosis, cardioembolic embolism, and small vessel disease) (59). It was shown that the effect of life-long lower genetically determined LDL-C and PCSK9 on different etiologically distinct IS subtypes varied materially (58, 60, 61). Moreover, in the exploration of canonical pathways of the diseases, IS are linked to natural killer cell signaling pathway rather than to lipid pathways as CHD does (62, 63). We analyzed circulating PCSK9 to elucidate the relationship between PCSK9 and stroke further. However, limited numbers of studies comprising stroke as the outcome of interest included in our meta-analysis might diminish the statistical power to detect the association for stroke, and thus the result should be viewed cautiously. Large-scale and well-designed prospective population-based studies are required to investigate further whether an increased level of PCSK9 will have predictive value for stroke and its subtypes.

PCSK9 has generally been measured by ELISA immunoassay, while the concentrations varied in a wide range (40–800 ng/ml) among different ELISA techniques (64). Studies making the head-to-head comparison of the methods to investigate the differences are scarce (64). Hence, the wide variability of results would substantially limit the utility of PCSK9 measurement in clinical practice. Moreover, it should be noted that PCSK9 circulates as mature and furin-cleaved forms in the blood. Previous studies revealed that furin-cleaved PCSK9 was inactive to regulate serum LDL-C or less activity than mature form (65–67). Nevertheless, most commercial ELISA techniques used in published studies measured the total amount of PCSK9 and could not distinguish between furin-cleaved and mature forms. The correlation between PCSK9 and CV risk might be strengthened if only the mature form was measured. Further steps are still needed to standardize, assess the agreement of different assays, and improve specificity for the total and active form of PCSK9 before using it as a CV biomarker in extensive clinical practice.

In our view, the current meta-analysis has several strengths. First, it is the most comprehensive meta-analysis on this topic to date with a relatively large number of cases and participants. Finally, the risk estimates from the fully adjusted models for each study were applied in our analyses to reduce the potential of confounding. Despite these strengths, limitations of this meta-analysis should be noted. Firstly, the pooled result of PCSK9 and MACEs showed substantial heterogeneity among the included studies, which may affect the interpretation of the results. Although we conducted on stratified and sensitivity analyses to identify the sources of heterogeneity, the heterogeneity could not be fully explained. Furthermore, meta-regression techniques are limited used in the present analysis given the lack of information for many continuous factors, such as baseline LDL, high-sensitivity C-reactive protein, and the result should therefore be viewed with caution. Secondly, original studies included in the study reported the risk estimates calculated by different multivariable models, and the pooled association lost significance in the subgroup with a lower degree of confounder adjustment. On these grounds, the combined result might potentially be influenced. Thirdly, most of the included studies used the combined CV events as the outcome of interest, making it difficult to identify the risk of specific CV events including stroke and different stroke subtypes; the statistical power might be compromised, and therefore, advanced studies focusing specific CV outcomes are warranted in future research. Finally, statistical tests for detecting publication bias in pooling the effect estimates of PCSK9 and all-cause mortality and stroke may be potentially unreliable due to less than the recommended minimum number of 10 studies analyzed (68).



CONCLUSION

This meta-analysis provided further evidence that high circulating PCSK9 concentration is associated with increased risk of MACEs with a linear dose-response relationship. However, available data did not suggest a significant correlation either on stroke or all-cause mortality. Our finding suggested that measurement of PCSK9 level may have the potential to improve risk stratification for medical decision and also support the result of the beneficial clinical role of PCSK9 inhibitors. To further investigate the correlations between PCSK9 concentration and stroke and mortality, additional well-designed multicenter studies with standardized methodologies are warranted.
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or ticagrelor and experienced a clinical  (Medical and Biological
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thrombosis, repeat

revascularization and
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and women with hospital admission,  Duoset catalog no. 920+37.4
type 2 diabetes coronary/peripheral  DY3888; R&D Systems,
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(UAE = 20-200 death and 616 all CVEs
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(DIABHYCAR death.
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9 cohort transplantation arrest with successful  PCSK9 Quantikine ELISA
candidates with resuscitation; kit (DPC900) from R&D
end-stage renal ST-elevation MI; Systems (MN, USA) in
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Zhangeetal. 23)  China Prospective 281 patients with  Male (58.53); female 1 18 MACES (cardiac  Plasma PCSK9 283.8(227.7-393.3) +++++ 7
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and who vessel plasma samples using a
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Ceoetal (1,28)  China Prospective 338 patients with 49.38,58.6 3 33 FH particpants ~ Plasma PCSK9 322.18 A 7
cohort heterozygous FH developeda MACE  concentrations were (249.97-396.24)
hospitalized (nine died, two determined by a
because of developed MI, six had  commercial sandwich
angina-like chest stroke, four enzyme immunoassay
experienced (Quantikine ELISA, R&D
re-admission dueto  System Europe Ltd,
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pectoris and 12
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Strélberg etal. (34)  Sweden Prospective 265 patients 66,59 3 134 deaths: OV (1= Asandwich ELISAfrom 318 & 170 i 8
cohort starting 67, 50%), withdrawal of R&D Systems (Abingdon,
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Hwang et al. (31) Korea Prospective 3563 hemodialysis 62.2,67.1 24 30 deaths and 60 The ELISA method was 36.6+20.3 & i i ol e o 6
cohort patients CVEs [CAD (CABG, performed using Magnetic
percutaneous Luminex® Screening
intervention, or M), Assay multiplex kits (R&D

heart failure, ventricuiar Systems, Inc.,
arhythmia, cardiac  Minneapolis, MN, USA) in
arrest, cerebral plasma

infarction, and

peripheral vascular

occlusive diseases

requiring

revascularization or

surgical intervention]

“++, plus traditional CV risk factors; + -+, plus statin use or metabolic biomarkers; + + ++, plus statin use, and metabolic biomarkers; -+ +, plus related clinical measurement or other medication treatment or genetic mutations.

ACS, acute coronary syndrome; CAD, coronary artery disease; CV, cardiovascular; CVD, cardiovascular disease; CVE: cardiovascular event; MI, myocardial infarction; IS, ischemic stroke; TIA, transient ischemic attack; ELISA, enzyme-
linked immunosorbent assay; UAE, urinary albumin excretion; FH, family hypercholesterolemia; PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting; DM, diabetes melitus; CARE FOR HOMe, Cardiovascular
and Renal Outcome in CKD 2-4 Patients —The Forth Homburg evaluation; LURIC, Ludwigshafen Risk and Cardiovascular Health Study; DIABHYCAR, Non-Insulin Dependent Diabetes, Hypertension, Microalbuminuria or Proteinuria,
‘Cardiovascular Events and Ramipril: SURDIAGENE, Survie, Diabéte de type 2 et Génétique; NOS, Newcastle-Ottawa Scale: PCSK9, proprotein convertase subtilisin/kexin type 9.
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