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Background

Hyperuricemia has recently been identified as a risk factor of cardiovascular diseases; however, prognostic value of hyperuricemia in patients with ST-segment elevation myocardial infarction (STEMI) remained unclear. Simultaneously, the mechanism of this possible relationship has not been clarified. At present, some views believe that hyperuricemia may be related to the inflammatory response. Our study aimed to investigate the association between hyperuricemia and long-term poor prognosis and inflammation in STEMI patients undergoing percutaneous coronary intervention (PCI).



Methods

A total of 1,448 consecutive patients with STEMI were studied throughout 2013 at a single center. The primary endpoint was all-cause death at 2- and 5-year follow-up. Inflammatory biomarkers were collected on admission of those patients: high sensitive C-reactive protein (hs-CRP), erythrocyte sedimentation rate (ESR), and white blood cell (WBC) count.



Results

Hyperuricemia was associated with higher 2- and 5-year all-cause death in STEME patients compared to normouricemia (5.5% vs. 1.4%, P <0.001; 8.0% vs 3.9%, P = 0.004; respectively). After multivariable adjustment, hyperuricemia was still an independent predictor of 2-year all-cause death (hazard ratio (HR) =4.332, 95% confidence interval (CI): 1.990–9.430, P <0.001) and 5-year all-cause death (HR =2.063, 95% CI: 1.186–3.590, P =0.010). However, there was no difference in hs-CRP, ESR, and WBC count on admission in STEMI patients with hyperuricemia compared to normouricemia (P >0.05).



Conclusions

Hyperuricemia was associated with higher risks of 2- and 5-year all-cause deaths in patients with STEMI undergoing PCI. However, this study did not find a correlation between hyperuricemia and inflammatory responses in newly admitted STEMI patients.
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Introduction

Acute myocardial infarction (AMI), including ST-segment elevation myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction (NSTEMI), is a major cause of morbidity and mortality worldwide. STEMI represents the most serious type of AMI and has a seriously adverse prognosis (1–3), which has the highest risk of intrahospital mortality (4–6). As we know, risk factors for STEMI patients, such as hypertension, dyslipidemia, diabetes mellitus, smoking, obesity, and so on, are common in clinical practice (7). Recently, hyperuricemia has gradually become a universally established cardiovascular risk factor (7–12).

Serum uric acid (SUA) is the final product of purine metabolism in humans, generated by xanthine oxidase or xanthine dehydrogenase (13). Hyperuricemia has been associated with many diseases such as cardiovascular diseases, stroke, chronic kidney disease, and hypertension (14). However, the link between hyperuricemia and poor prognosis in patients with STEMI remains controversial, with contradictory results from studies (15–18). Some studies have shown that the mortality of hyperuricemia was higher than that of normouricemia in patients with STEMI (18–23), although other studies have shown that hyperuricemia was not associated with high mortality in those patients (24, 25). Until now, the mechanism of this relationship has not been fully clarified. Studies have indicated that a high level of SUA could activate intracellular oxidative stress and inflammatory reactions (26), eventually leading to larger ischemic and infarct sizes in STEMI patients undergoing percutaneous coronary intervention (PCI) (27). This study investigates the association between hyperuricemia and long-term unfavorable prognosis and evaluates the relationship between hyperuricemia and the inflammatory response in STEMI patients undergoing PCI.



Methods


Study Population

This was a single-center prospective observational study. From 1 January 2013, to 31 December 2013, a total of 1,448 consecutive patients with STEMI undergoing PCI were enrolled at the Fuwai Hospital in Beijing, China. STEMI was diagnosed according to the guidelines published by the American College of Cardiology (28). All patients were given standard treatment for STEMI. The study protocol was approved by the ethics committee of our hospital, and all patients signed written informed consent before study entry.

Routine blood samples were collected from each patient with STEMI upon study admission, namely, SUA, serum creatinine, high sensitive C-reactive protein (hs-CRP), erythrocyte sedimentation rate (ESR), white blood cell (WBC) count, N-Terminal pro-brain natriuretic peptide (NT-proBNP), and so on. Hyperuricemia was diagnosed as SUA levels greater than 420 mmol/L (men) and 360 mmol/L (women). Based on SUA levels, 275 patients were divided into the hyperuricemia group and 1,173 patients were divided into normouricemia group. Independent clinical research coordinators gathered clinical and procedural data in a database.



Procedural and Medications

The choice of treatment strategy for PCI, including the type of stent, was left to the discretion of the treating physicians. STEMI patients scheduled for PCI received a loading dose of 300 mg aspirin and a loading dose of the P2Y12 inhibitors (a dose of 180 mg ticagrelor or a dose of 300 mg or 600 mg clopidogrel) as soon as possible. Then, aspirin was advised at a dose of 75–100 mg daily for life; clopidogrel 75 mg daily or ticagrelor 90 mg twice daily was prescribed for at least 1 year.



Endpoints and Definitions

All the patients were assessed by clinic or phone at 1, 3, 6, and 12 months after PCI, and annually thereafter until 5 years. The primary endpoint was all-cause death. Secondary endpoints included cardiac death, major adverse cardiac, and cerebrovascular events (MACCE). The diagnostic criterion for MI was based on the Third Universal Definition of myocardial infarction (29). All deaths were considered cardiac unless an unequivocal noncardiac cause could be established. MACCE was the composite of all-cause death, MI, unplanned revascularization, or stroke. Two independent physicians adjudicated the events after reviewing the original documents, which were blinded to the data.



Statistical Analysis

Continuous variables were expressed as mean ± standard deviation, and Student’s t-test or the Mann–Whitney U test was used for comparison between two groups. Numbers and percentages were used to present categorical variables, and the chi-square test or Fisher’s exact test was used for comparison between two groups, as appropriate. The Kaplan–Meier method was used to calculate the event-free survival rates and the log-rank test to compare them. Confirm the association between the different groups and each outcome of interest using the univariable and multivariable Cox proportional regression models. Multivariable Cox regression analysis was used to identify associations between two groups and each outcome of interest after adjusting for potential confounding factors, namely, age, gender, hypertension, hyperlipidemia, diabetes mellitus (DM), chronic kidney disease (CKD), current smoker, the family history of coronary heart disease (CHD), left ventricular ejection fraction (LVEF <40 or ≥40), SYNTAX score, old myocardial infarction (OMI), previous PCI, previous coronary artery bypass graft (CABG), and inflammatory markers, namely, hs-CRP, ESR, and WBC counts. All P-values were two-sided, and P <0.05 was considered statistically significant. All statistical analyses were performed using SPSS software version 22.0 (IBM Corp., Armonk, NY, USA).




Results

Among patients with STEMI (n = 1,448), 275 (19.0%) had hyperuricemia and 1,173 (81%) had normouricemia. The clinical baseline and procedural characteristics data are shown in Table 1. STEMI patients with hyperuricemia were more likely to be male and had higher BMI, serum creatinine, and lower creatinine clearance than those with normouricemia (P <0.05). The rates of hypertension, CKD, and LVEF <40% were also higher in STEMI patients with hyperuricemic than in those with normouricemia (P <0.05). There were no differences in hs-CRP, ESR, WBC counts, and NT-ProBNP between hyperuricemic and normouricemic patients on admission (P >0.05). During hospitalization and follow-up, only 14 patients (5.1%) with hyperuricemia were on urate-lowering drugs (xanthine oxidase inhibitors). During the 2-year follow-up after PCI, STEMI patients with hyperuricemia had significantly higher all-cause and cardiac deaths than those patients with normouricemia (5.5% vs. 1.4%, P <0.001; and 4.0% vs. 0.9%, P = 0.001; Table 2). The rates of MI, unplanned revascularization, stroke, and MACCE were not significantly different between STEMI patients with hyperuricemia and normouricemia (P >0.05). Cumulative survival rate curves for the primary and secondary endpoints of 2-year follow-up are shown in Figure 1 by Kaplan–Meier analysis. Hyperuricemia was significantly associated with increased risks of all-cause death (HR = 4.081, 95% CI: 2.018–8.255, P <0.001) and cardiac death (HR = 4.341, 95% CI: 1.882–10.012, P = 0.001) in STEMI patients with PCI by univariate analyses (Table 2). After multivariable analysis adjusting for baseline characteristics and inflammatory markers, hyperuricemia was still significantly associated with increased risks of all-cause death (HR = 4.332, 95% CI: 1.990–9.430, P <0.001) and cardiac death (HR = 4.635, 95% CI: 1.872–11.476, P = 0.001) in STEMI patients with PCI (Table 2). For clinical endpoints that were measured, age older than 65, WBC counts, current smoker, and a history of OMI were found to be the independent predictors of all-cause death in STEMI patients with PCI (Figure 2).


Table 1 | Baseline characteristics of the study population.




Table 2 | Risks of 2-year primary and secondary outcomes in patients with STEMI.






Figure 1 | Kaplan–Meier survival curves for 2-year primary and secondary outcomes in STEMI patients with PCI. (A) All-cause death, (B) cardiac death, (C) myocardial infarction, (D) unplanned revascularization, (E) stroke, and (F) MACCE. MACCE, major adverse cardiac and cerebrovascular events.






Figure 2 | Multivariate analysis for 2-year primary outcome in patients with STEMI. ESR, erythrocyte sedimentation rate; hs-CRP, high sensitive C-reactive protein; CKD, chronic kidney disease; CHD, coronary heart disease; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; OMI, old myocardial infarction; EF, ejection fraction.



During the 5-year follow-up after PCI, the rates of all-cause and cardiac deaths were also significantly higher in STEMI patients with hyperuricemia than in normouricemia (8.0% vs. 3.9%, P = 0.004; 6.2% vs. 2.8%, P = 0.006; Table 3). The rates of MI, unplanned revascularization, stroke, and MACCE were not significantly different between STEMI patients with hyperuricemia and normouricemia (p >0.05). Cumulative survival rate curves for the primary and secondary endpoints of the 5-year follow-up are shown in Figure 3 by Kaplan–Meier analysis. Hyperuricemia was also significantly associated with increased risks of all-cause death (HR = 2.118, 95% CI: 1.274–3.520, P = 0.004) and cardiac death (HR = 2.282, 95% CI: 1.271–4.097, P = 0.006) in STEMI patients treated with PCI by univariate analyses (Table 3). After multivariable analysis adjusting for baseline characteristics and inflammatory markers, hyperuricemia was also significantly associated with increased risks of all-cause death (HR = 2.063, 95% CI: 1.186–3.590, P = 0.010) and cardiac death (HR = 2.153, 95% CI: 1.142–4.058, P = 0.018) in STEMI patients treated with PCI (Table 3). For clinical endpoints that were measured, gender for age older than 65, CHD history, WBC counts, and DM were found to be independent predictors of all-cause death in patients with STEMI during the 5-year follow-up (Figure 4).


Table 3 | Risks of 5-year primary and secondary outcomes in patients with STEMI.






Figure 3 | Kaplan–Meier survival curves for 5-year primary and secondary outcomes in STEMI patients with PCI. (A) All-cause death, (B) cardiac death, (C) myocardial infarction, (D) unplanned revascularization, (E) stroke, and (F) MACCE. MACCE, major adverse cardiac and cerebrovascular events.






Figure 4 | Multivariate analysis for 5-year primary outcome in patients with STEMI. ESR, erythrocyte sedimentation rate; hs-CRP, high sensitive C-reactive protein; CKD, chronic kidney disease; CHD, coronary heart disease; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; OMI, old myocardial infarction; EF, ejection fraction.





Discussion

This study found an association between hyperuricemia and adverse clinical outcomes in STEMI patients undergoing PCI. The main findings were that hyperuricemia was an independent risk factor for increased risk of all-cause death and cardiac death in STEMI patients undergoing PCI before and after multivariable analyses during long-term follow-up. Meanwhile, age and WBC count were also independent risk predictors of all-cause death in STEMI patients undergoing PCI. However, this study did not find an association between hyperuricemia and inflammatory responses in STEMI patients on admission.

Previous studies had explored the association of hyperuricemia with mortality in STEMI patients, but the results were controversial. Kaya et al. found that STEMI patients with hyperuricemia were associated with higher in-hospital and long-term mortality (15). Levantesi et al. found that hyperuricemia significantly increased the risk of all-cause and cardiovascular death in STEMI patients with long-term follow-up (16). Although Lazzeri et al. found that STEMI patients with hyperuricemia had a higher risk of in-hospital mortality than those with normouricemia (18), another study failed to demonstrate the association of hyperuricemia with mortality in STEMI patients (24): although hyperuricemia had a higher risk of mortality in 856 STEMI patients, the significance disappeared after adjustment for renal function (24). Our study found that hyperuricemia was associated with higher 2-year and 5-year all-cause deaths and cardiac deaths in patients with STEMI undergoing PCI. Meanwhile, only 14 patients (5.1%) with hyperuricemia in this cohort were taking urate-lowering drugs (xanthine oxidase inhibitors). It can be seen that in clinical practice, the management of hyperuricemia is not active in China. In future studies, the clinical benefit of uric acid-lowering therapy in STEMI patients with hyperuricemia can be further explored.In our study, STEMI patients with hyperuricemia had a higher proportion of obesity (higher BMI), hypertension, CKD, and lower LVEF, which may be important factors leading to more severe myocardial damage. However, after adjustment for age, gender, BMI, SYNTAX score, LVEF, OMI, the history of previous PCI, and previous CABG, DM, hypertension, hyperlipidemia, current smoker, the family history of CHD, CKD, and inflammatory markers, hyperuricemia was still an independent risk predictor of all-cause death and cardiac death in STEMI patients undergoing PCI during long-term follow-up. Meanwhile, age, DM, and WBC counts were also independent predictors of all-cause death in STEMI patients undergoing PCI.

The pathogenesis of hyperuricemia associated with adverse clinical outcomes in patients with STEMI remains undetermined. Uric acid is the final metabolite of purine catalyzed by xanthine oxidase (30). Xanthine oxidase activity and UA production lead to the generation of oxygen free radicals and may be involved in the atherosclerosis process caused by oxygen free radicals (31). During tissue ischemia, the enzymatic effect of xantine oxidase is the production of reactive oxygen species (ROS) and uric acid in experimental models (32, 33); hyperuricemia per se has been described to impair endothelium-dependent vasodilatation by reduction of NO-synthase in animal experiments (34). Preclinical studies have found that oxidative stress and inflammatory response can be triggered by elevatedSUA (35–38). Mandurino-Mirizzi et al. found that intracellular oxidative stress and inflammatory responses might be triggered by elevated SUA, which may contribute to ischemic/reperfusion injury, coronary microvascular obstruction, and larger infarct size during revascularization and reperfusion in STEMI patients (27).

Previous studies reported that SUA was correlated with CRP in ACS patients (17, 39). Magnoni et al. found SUA had a positive association with CRP in ACS patients who died during hospitalization. However, there was no association between SUA and CRP in ACS patients who survived discharge (17). Recently, a small study found a significant linear correlation between SUA levels and hs-CRP peak values in STEMI patients with PCI, which suggested that elevated SUA had a possible association with a greater inflammatory response in this setting (26, 40). However, in our study, we did not find any correlations between hyperuricemia and inflammatory response markers (WBC counts, ESR, and hs-CRP) in STEMI patients undergoing PCI on admission. Until now, the mechanism by which hyperuricemia was associated with poor prognosis in STEMI patients undergoing PCI remained unclear. In future studies, we intend to closely monitor changes in uric acid and inflammatory markers throughout the pathogenesis of STEMI patients to explore the relationship between hyperuricemia and inflammatory response.


Limitations

This study has several limitations. First, this study was based on a real-world observational study and may therefore be subject to residual confounders. Multivariate analysis was used in this study, but some unmeasured confounding factors could not be ruled out that might have influenced the findings. Hence, the results of this study should be interpreted with caution because of the existence of selection bias or confounding bias that cannot be excluded. Second, this study was a single-center study with all participants from one center, which may limit the generalizability of the results. Third, uric acid and inflammatory markers monitored on admission do not reflect the overall course of STEMI patients undergoing PCI. In future studies, we intend to monitor uric acid and inflammatory markers throughout the pathogenesis of STEMI and explore the relationship between hyperuricemia and inflammatory responses.



Conclusions

This study suggests that hyperuricemia was an independent risk factor for all-cause and cardiac deaths in STEMI patients undergoing PCI during long-term follow-up and that it is a commonly used biomarker for long-term prognostic stratification in STEMI patients undergoing PCI. However, the underlying pathophysiological mechanisms must be further explored in those patients with hyperuricemia.
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N-Terminal pro-brain natriuretic peptide; HbA1c, glycosylated hemoglobin, type A1C; CHD, coronary heart disease; PCI, Percutaneous coronary intervention; CABG, Coronary artery
bypass graft; DAPT, dual antiplatelet treatment; LM, left main disease; LAD, left anterior descending; LCX, left circumfiex; RCA, right coronary artery; SYNTAX, the synergy between

percutaneous coronary intervention with Taxus and cardiac surgery.
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