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Higher Plasma Pentraxin-3 Level Predicts Adverse Clinical Outcomes in Patients With Coronary Artery Disease: A Meta-Analysis of Cohort Studies
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Background: Association between plasma pentraxin-3 (PTX-3) and clinical outcomes in patients with coronary artery disease (CAD) remains not fully determined. An updated meta-analysis of cohort studies was performed to systematically evaluate the association.

Methods: Cohort studies evaluating the association between plasma PTX-3 and adverse outcomes [mortality and major adverse cardiovascular events (MACEs)] in adults with CAD were identified by systematic search of PubMed, Embase, and Web of Science databases. Only studies with multivariate analysis were included. A random-effects model incorporating the potential intrastudy heterogeneity was used for the meta-analysis.

Results: A total of 16 studies including 11,007 patients were included. Pooled results showed that patients with highest level of PTX-3 were independently associated with higher risk of mortality [adjusted risk ratio (RR): 2.09, 95% CI: 1.60 to 2.74, p < 0.001; I2 = 50%] and MACEs (adjusted RR: 1.80, 95% CI: 1.43 to 2.28, p < 0.001; I2 = 49%). Subgroup analyses showed that the associations between PTX-3 and poor prognosis in CAD were consistent in patients with ST-segment elevation myocardial infraction, non-ST-segment elevation acute coronary syndrome, and stable CAD (p < 0.05 for each subgroup). Besides, the association between PTX-3 and increased incidence of mortality and MACEs were consistent in short-term (within 1 year) and long-term (over 1 year) studies and in studies with or without adjustment of C-reactive protein (CRP) (p < 0.05 for each subgroup).

Conclusion: Higher plasma PTX-3 is associated with poor prognosis in patients with CAD, which may be independent of the CAD subtype, follow-up durations, and adjustment of CRP.
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BACKGROUND

Currently, coronary artery disease (CAD) remains one of the leading causes of morbidity and mortality of the global population (1). Clinically, CAD could be categorized as stable CAD and acute coronary syndrome (ACS) and the latter could be further classified as ST-segment elevation myocardial infarction (STEMI) and non-ST-segment elevation ACS (NSTE-ACS) (2, 3). With the intensive medical care for patients with CAD, the clinical outcomes of these patients have been improved, particularly with the timely application of revascularization (4, 5). However, identification of novel risk factors for poor prognosis in patients with CAD is still of clinical significance (6). Pentraxin-3 (PTX-3) is a multimeric acute-phase inflammatory protein, which could be synthesized by various cells (7). It has been suggested that the plasma level of PTX-3 may reflect the degree of systemic inflammation (8) and endothelial dysfunction (7). Since the key pathological feature of CAD is vascular inflammation-related coronary atherosclerosis, higher PTX-3 has been related with the severity of CAD, which highlights the hypothesis that higher PTX-3 may become a predictor of poor prognosis of patients with CAD (9, 10). For example, in patients with STEMI, PTX-3 has been associated with increased coronary plaque vulnerability (11) and severe ventricular remodeling after revascularization (12). Moreover, in patients with stable CAD, peak PTX-3 values were also found to be correlated with plaque characteristics of the coronary arteries (13). However, studies evaluating the association between PTX-3 and prognosis in patients with CAD showed inconsistent results (13–28). An early meta-analysis including cohort studies before 2018 showed that elevated circulating PTX-3 may be associated with poor prognosis in patients with ACS, but not in patients with stable CAD (29). However, only 2–5 datasets were included for each outcome, and the authors mentioned that interpretation of these findings should be done with caution due to the small number of studies analyzed (29). Besides, the authors were also unable to determine whether other study characteristics could affect the potential predictive efficacy of PTX-3 such as follow-up durations and adjustment of C-reactive protein (CRP), a well-known inflammatory indicator of CAD (29). Since then, many cohort studies of a similar field have been published (13, 24–28). Accordingly, we aimed to perform an updated meta-analysis to systematically evaluate the potential prognostic role of PTX-3 in CAD, multiple predefined subgroup analyses were also performed to evaluate whether the outcome differed according to the subtype of CAD, follow-up duration, and with or without adjustment of CRP.



METHODS

The meta-analysis was performed in accordance with the Meta-analysis of Observational Studies in Epidemiology (MOOSE) (30) and the Cochrane Handbook (31) guidelines.


Literature Search

Studies were identified via systematic search of electronic databases of PubMed, Embase, and Web of Science via the combination of the following terms: (1) “pentraxin-3” or “pentraxin 3” or “PTX-3” and (2) “coronary artery disease” or “angina” or “myocardial infarction” or “acute coronary syndrome” or “percutaneous coronary intervention” or “major adverse cardiovascular events” or “CAD” or “STEMI” or “NSTEMI” or “ACS” or “AMI” or “PCI.” This extensive search strategy was used to avoid missing of possible studies. The search was limited to human studies published in English. The reference lists of related original and review articles were also analyzed using a manual approach. The final literature search was performed on April 5, 2021.



Study Selection

The inclusion criteria for the studies were: (1) cohort studies published as full-length articles; (2) included adults with confirmed diagnosis of CAD; (3) evaluated the association between plasma PTX-3 and risks of adverse outcomes [mortality and/or major adverse cardiovascular events (MACEs)] during follow-up duration; and (4) reported risk ratios (RRs) comparing the incidence of the above outcomes between patients with the highest and lowest level PTX-3, after adjusting multiple confounding factors, at least for age and sex. Definition of MACEs was in accordance with the criteria used in the original articles, which was defined as a composite outcome including cardiac death, nonfatal myocardial infarction, heart failure, or coronary revascularization. If studies with overlapped patients were retrieved, those with a larger sample size were included. If studies reporting outcome data with variable follow-up durations were identified, outcomes with longer follow-up durations were included. Reviews, editorials, preclinical studies, cross-sectional studies, and studies irrelevant to the aim of the current meta-analysis were excluded.



Data Extracting and Quality Evaluation

Literature search, data extraction, and quality assessment of the included studies were performed according to the predefined inclusion criteria by two independent authors. Discrepancies were resolved by consensus. The extracted data included: (1) name of first author, publication year, and country where the study was performed; (2) study design characteristics (prospective or retrospective and sample size of each study); (3) characteristics of the patient including the diagnosis of the patients, age, sex, and proportions of patients that received percutaneous coronary intervention (PCI); (4) methods for measuring plasma PTX-3 and the cutoff values to define highest and lowest PTX-3 level among the included studies; (5) follow-up durations and related adverse clinical outcomes reported; and (6) potential confounding factors adjusted in the multivariate analyses. The quality of each study was evaluated using the Newcastle–Ottawa Scale (NOS) (32), which ranges from 1 to 9 stars and judges each study with respect to three aspects: selection of the study groups; the comparability of the groups; and the ascertainment of the outcome of interest.



Statistical Analyses

We used RRs and their corresponding 95% CIs as the general measure for the association between plasma PTX-3 and subsequent incidence of mortality or MACEs in patients with CAD. Data of RRs and their corresponding SEs were calculated from 95% CIs or p-values and were logarithmically transformed to stabilize variance and normalized the distribution (31). Cochran's Q test and estimation of I2 statistic were used to evaluate the heterogeneity among the included cohort studies (33). A significant heterogeneity was considered if I2 > 50%. We used a random-effects model to synthesize the RR data because this model is considered as a more generalized method, which incorporates the potential heterogeneity among the included studies (31). Sensitivity analyses, by omitting one individual study at a time, were performed to test the robustness of the results (34). Predefined subgroup analyses were performed to evaluate the influences of study characteristics on the outcome including study design characteristics, subtype of CAD, follow-up durations, quality scores, and adjustment of CRP. The medians of continuous variables were used as cutoff values for grouping. The potential publication bias was assessed by visual inspection of the symmetry of the funnel plots as well as Egger's regression asymmetry test (35). If the funnel plots were asymmetrical, a “trim-and-fill” analysis was performed (31). To achieve symmetrical funnel plots, this method assumes the existence of the hypothetically unpublished studies with negative results, estimates their RRs, and recalculates the pooled RR after incorporating this “missing” study (31). A p < 0.05 indicates statistical significance. We used the RevMan (version 5.1; Cochrane Collaboration, Oxford, UK) and the STATA software for the meta-analysis and statistics.




RESULTS


Literature Search

The process of database search is given in Figure 1. Briefly, 582 articles were found via initial literature search of the PubMed, Embase, and Cochrane Library databases after excluding the duplications. Among them, 547 articles were excluded through screening of the titles and abstracts mainly because they were not relevant to the purpose of the meta-analysis. Subsequently, 35 potential relevant records underwent full-text review. Of these, 19 relevant records were further excluded for the reasons given in Figure 1. Finally, 16 cohort studies were obtained for the meta-analysis (13–28).
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FIGURE 1. Flowchart of database search and study identification.




Study Characteristics and Quality Evaluation

The characteristics of the included studies are given in Table 1. Overall, 16 cohort studies including 11,007 adults with CAD were included in the meta-analysis (13–28). These studies were published between 2004 and 2021 and most of the studies were prospective (13–17, 19–28), except one study, which was retrospective (18). For the subtype of CAD, four studies included patients with stable CAD (13, 17, 19, 20), while the other studies included patients with ACS [7 patients with STEMI (14, 21–25, 27), two patients with NSTE-ACS (16, 18), and three patients with both STEMI and NSTE-ACS (15, 26, 28)]. One study reported outcome data in patients with STEMI and NSTE-ACS separately (15) and these datasets were independently included in the meta-analysis. Plasma PTX-3 were measured with ELISA in all of the included studies and various cutoff values were used to compare the incidence of adverse outcomes according to the PTX-3 level such as medians (16, 19, 24, 28), tertiles (13, 14, 17, 21, 23), quartiles (15, 20, 25, 26), and cutoff values derived by measuring of normal controls (18) and from the receiver operating characteristic (ROC) analysis (22, 27). The mean follow-up durations varied between 1 and 60 months. Age, sex, other conventional cardiovascular medications, coronary lesion characteristics, revascularization therapy, and other potential confounding factors were adjusted to a varying degree when the associations between PTX-3 and clinical outcomes were reported. The NOS scores of the included studies ranged from 7 to 9, indicating generally good study quality (Table 1).


Table 1. Characteristics of the included cohort studies.

[image: Table 1]



Association Between PTX-3 and Mortality Outcomes in Patients With CAD

A total of 10 datasets from 9 studies (14, 15, 17, 18, 21, 23, 25–27) reported the association between PTX-3 level and mortality risk in patients with CAD. Pooled results showed that compared to patients with the lowest PTX-3 level, those with the highest PTX-3 level had significantly increased risk of mortality (adjusted RR: 2.09, 95% CI: 1.60 to 2.74, p < 0.001; Figure 2A) with moderate heterogeneity (I2 = 50%, p for Cochran's Q test = 0.03). Sensitivity analysis by omitting one study at a time showed consistent results (RR: 1.99–2.29, p < 0.01). Besides, predefined subgroup analysis showed consistent results in studies of different designs (prospective or retrospective), subtypes of CAD (STEMI, NSTE-ACS, or stable CAD), follow-up duration (within 1 year or over 1 year), definitions of mortality outcome (all-cause mortality or cardiovascular mortality), different quality scores, and with or without adjustment of CRP (p-values for subgroup effects < 0.05; Table 2).


[image: Figure 2]
FIGURE 2. Forest plots for the meta-analysis of the association between pentraxin-3 (PTX-3) and clinical outcomes in patients with coronary artery disease (CAD); (A) forest plots for the association between PTX-3 and mortality in patients with CAD and (B) forest plots for the association between PTX-3 and major adverse cardiovascular events (MACEs) in patients with CAD.



Table 2. Subgroup analyses for the association between PTX-3 and mortality in patients with CAD.
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Association Between PTX-3 and MACEs in Patients With CAD

A total of 11 studies (13, 14, 16–20, 22, 24, 26, 28) reported the association between PTX-3 incidence of MACEs in patients with CAD. Pooled results showed that higher PTX-3 was independently associated with a higher risk of MACEs in patients with CAD during follow-up duration (RR: 1.80, 95% CI: 1.43 to 2.28, p < 0.001; Figure 2B) with moderate heterogeneity (I2 = 49%, p for Cochran's Q test = 0.03). Sensitivity analysis by omitting one study at a time retrieved similar results (RR: 1.73–1.93, p < 0.01). In addition, results of predefined subgroup analysis showed consistent results in studies of different study designs, subtype of CAD, follow-up duration, quality scores, and with or without adjustment of CRP (p-values for subgroup effects < 0.05; Table 3).


Table 3. Subgroup analyses for the association between PTX-3 and MACEs in patients with CAD.

[image: Table 3]



Publication Bias

The funnel plots with respect to the associations between PTX-3 and mortality and MACEs are shown in Figures 3A,B separately, which were asymmetry on visual inspection. Results of Egger's regression test also suggested the potential risks of publication bias (p-values = 0.082 and 0.045, respectively). We, therefore, performed a trim-and-fill analysis. As shown in Figures 3A,B, incorporating the hypothesized studies (indicated by black squares, two studies for the outcome of mortality, and three studies for the outcome of MACEs) achieved the symmetry of funnel plots and the results of meta-analysis remained significant after including these hypothesized studies (mortality outcome: RR: 2.00, 95% CI: 1.50 to 2.68, p < 0.001; MACEs outcome: RR: 1.64, 95% CI: 1.28 to 2.09, p < 0.001).
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FIGURE 3. Funnel plots for the publication bias underlying the meta-analyses; (A) funnel plots with trim-and-fill analysis for the meta-analysis of the association between PTX-3 and mortality in patients with CAD and (B) funnel plots with trim-and-fill analysis for the meta-analysis of the association between PTX-3 and MACEs in patients with CAD. The black square indicates hypothesized studies to achieve the symmetry of the funnel plots.





DISCUSSION

In this meta-analysis, by pooling the results of 16 cohort studies, we found that compared to patients with CAD with the lowest level of circulating PTX-3, those with the highest level of PTX-3 had significantly increased risk of mortality and MACEs during follow-up. Further sensitivity analysis by excluding one study at a time did not significantly change the results, suggesting the robustness of the findings. In addition, multiple predefined subgroup analyses also showed that the association between higher PTX-3 and poor prognosis was consistent in prospective and retrospective studies, in patients with stable CAD and ACS, in studies with short- and long-term follow-up durations, in studies with different quality scores, and in those with and without adjustment of CRP. Although potential publication biases were suggested, further trim-and-fill analysis by incorporating the hypothesized studies to achieve symmetrical funnel plots showed similar results. Taken together, results of the meta-analysis indicated that higher plasma PTX-3 is associated with poor prognosis in patients with CAD, which may be independent of the CAD subtype, follow-up durations, and adjustment of CRP.

A total of one previous meta-analysis has been published to summarize the association between PTX-3 and clinical outcomes in patients with CAD (29). However, due to the limited studies included (two to five studies for each outcome), the authors failed to show that higher PTX-3 is associated with increased risk of cardiac events in patients with stable CAD (29). Moreover, they were also unable to explore the potential influences of the patient or study characteristics on the results of the meta-analyses (29). Compared to the previous one, this study has a few strengths. Firstly, only cohort studies with multivariate analysis were included, which, therefore, could provide an independent association between higher PTX-3 and poor prognosis in patients with CAD. In addition, an extensive and updated literature search was performed. We identified a total of 16 cohort studies and the relative large number of datasets enabled us to perform comprehensive sensitivity and subgroup analyses. The overall results of the meta-analysis showed that higher PTX-3 is associated with increased risk of mortality and MACEs in patients with CAD. Different from the results of the previous meta-analysis, we found that the association between higher PTX-3 and poor prognosis was not only limited in patients with stable CAD, but also in patients with ACS. Moreover, consistent results were obtained in patients with STEMI and in those with NSTE-ACS. Results of additional subgroup analyses also showed consistent results in studies with different designs, follow-up durations, quality scores, and in studies with and without adjustment of CRP. These results further confirmed a stable role of higher PTX-3 as a predictor of poor prognosis in patients with different spectrum of CAD.

The potential mechanisms underlying the association between higher PTX-3 and increased risks of morality and adverse events in patients with CAD remain not fully understood. It has been shown that higher PTX-3 could predict the risk of heart failure (HF) in patients with ACS (36). Besides, higher PTX-3 has been correlated with the severity of coronary lesions and vulnerability of coronary plaque components in patients with stable CAD (13, 37–40) and ACS (41). In addition, compared to CRP, PTX-3 may be a more sensitive marker of systematic inflammation (42) and a more potent predictor of endothelial dysfunction (43), both of which have been involved in the deterioration of coronary lesions. Besides, an early study showed that although PTX-3 and CRP were more enhanced in unstable than in stable coronary plaques, their distribution distinctly differed, suggesting that they play distinct biological roles in unstable plaques (44). More experimental studies are needed to determine whether increased circulating PTX-3 plays an important role in the progression of CAD or it is simply a marker of increased atherosclerotic burden.

This study also has some limitations. First, the meta-analysis was based on data from the study level rather than individual patients, which prevented further analyses on the influences of the characteristics of the patient on the outcome such as age, sex, comorbidities, and concurrent medications. Particularly, statins have been proposed to reduce the level of circulating PTX-3 in previous studies (45, 46), which may affect the association between PTX-3 and poor prognosis in patients with CAD. In addition, the optimized cutoff values of circulating PTX-3 for predicting poor prognosis in patients with different subtypes of CAD remain to be determined. Moreover, it remains unknown whether incorporation of PTX-3 into the current risk stratification tool for patients with CAD is associated with improved predictive efficacy. For example, it is currently unknown that for patients with ACS, whether measuring of PTX-3 still has prognostic significance on the basis of currently established prognostic models such as the Global Registry of Acute Coronary Events (GRACE) scoring system. Studies are needed to address this issue. Finally, publication bias was suggested by the results of Egger's regression test for the meta-analysis of the association between higher PTX-3 and poor prognosis in CAD. However, further trim-and-fill analysis suggested that the potential publication bias was not likely to affect the overall findings of the meta-analysis.

In conclusion, results of the meta-analysis suggest that higher plasma PTX-3 is associated with poor prognosis in patients with CAD, which may be independent of the CAD subtype, follow-up durations, and adjustment of CRP. Future studies are needed to elucidate the potential pathological role of PTX-3 in the pathogenesis and progression of CAD. Besides, whether measuring PTX-3 could improve risk stratification in patients with CAD, particularly in those with ACS, should also be evaluated in the future.
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