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Background: The relationship between elevated serum uric acid (SUA) levels and cardiovascular outcomes after stent implantation remains uncertain. This study sought to evaluate the impact of SUA on 12-month cardiovascular outcomes after stent implantation.

Methods: We performed a retrospective study of patients who successfully underwent stent implantation and enrolled 3,222 patients with coronary artery disease (CAD) from a single center. SUA levels were measured before stent implantation. The patients were divided into six groups (<4, 4–4.9, 5–5.9, 6–6.9, 7–7.9 and ≥ 8 mg/dL) at SUA intervals of 1.0 mg/dL. The incidence of cardiovascular outcomes in the six groups was monitored for 1 year after stent implantation and the hazard ratios were estimated. Hazard ratios (HRs) and 95% confidence intervals (95% CIs) for cardiovascular outcomes were estimated using a Cox proportional hazard regression analysis. The primary endpoint was all-cause death. The secondary endpoint was a composite of all-cause death, myocardial infarction, target vessel revascularization, stent thrombosis and stroke. The follow-up duration was 12 months.

Results: Over the 12-month follow-up period, there were 101 all-cause deaths and 218 MACCE. After adjustment for several parameters, the group with SUA levels of more than or equal to 8 mg/dL had significantly higher hazard ratios in the incidence of all-cause death or MACCE. The group with <4.0 mg/dL had significantly higher hazard ratios in all-cause death only in male patients. In contrast, there were no significant differences observed for cardiovascular outcomes in female patients.

Conclusions: Our study identified a U-shaped association between SUA levels and cardiovascular outcomes during 12-month follow-up for males, but not for females. Further studies are warranted to clarify the sex differences between SUA levels and clinical outcomes.
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1. Introduction

Gertler et al., reported higher levels of serum uric acid (SUA) in patients with early-onset coronary heart disease (CHD) compared to the normal population, and for the first time recommended SUA as a potential risk factor in CHD patients (1). SUA was included in the Framingham Heart study to screen for a potential risk factor for cardiovascular disease (CVD) (2). Thereafter, the relationship between SUA and CVD was extensively investigated, but the nature of the relationship between UA and CVD remains unclear.

Uric acid (UA) is the primary metabolite of purines in the human body and is also a major risk factor for gout, arthritis and kidney stone formation (3). Epidemiological studies have shown that elevated SUA levels are associated with various CVDs (4–6). According to the 2018 Guidelines of Arterial Hypertension, SUA should be assessed to stratify patients for cardiovascular risk factors (7).

In recent years, high as well as low SUA levels have become of increasing concern. Low SUA levels may be harmful to health and lead to undesirable clinical outcomes (8–10). However, only a few studies have examined the impact of SUA levels on cardiovascular outcomes after stent implantation. We undertook the present study to evaluate the relationship between SUA levels and the risk of cardiovascular outcomes after stent implantation.



2. Materials and methods


2.1. Study design and patient population

Between January 2014 and December 2019, data was collected from patients (n = 3,458) who had successfully undergone stent implantation in our single center registry. For this registry, all participants lacking data for SUA levels (n = 236) were excluded. Ultimately, 3,222 participants were enrolled in the study including patients with stable angina (n = 459, 14.2%), unstable angina (n = 1,054, 32.7%), ST-segment elevation myocardial infarction (STEMI, 653, 20.2%), and non-ST-segment myocardial infarction (NSTEMI, 1,056, 32.8%). The patients were divided into six groups (<4, 4–4.9, 5–5.9, 6–6.9, 7–7.9 and ≥ 8 mg/dL) at SUA intervals of 1.0 mg/dL, as follows: Group 1 = those with a SUA level of <4.0 mg/dL; Group 2 = a SUA level between 4.0 and 4.9 mg/dL; Group 3 = a SUA level between 5.0 and 5.9 mg/dL; Group 4 = a SUA level between 6.0 and 6.9 mg/dL; Group 5 = a SUA level between 7.0 and 7.9 mg/dL; Group 6 = a SUA level more than or equal to 8.0 mg/dL. CAD was diagnosed including a history of angina with evidence of ischemic change on electrocardiogram (ECG) recording, and myocardial infarction attack or angina symptoms with significant stenosis lesions in coronary computed tomography angiography (CCTA). Symptomatic patients who received percutaneous coronary intervention (PCI) with stent implantation were eligible for enrolment. The study protocol was conducted in accordance with the Declaration of Helsinki and the ethical standards of the ethics committee of our hospital for human experimentation (DAUHIRB-22-054).



2.2. Data collection

The data and study materials were conducted at Dong-A University Hospital in Busan, Republic of Korea. Baseline characteristics were recorded from every patient including age, sex, BMI, ejection fraction (EF), ACS, coronary risk factors (current smoking, hypertension, dyslipidemia and diabetes mellitus), past history (previous MI, previous PCI, previous CABG and previous CVA), number of stents and type of stents. Furthermore, laboratory data assessments (WBC, hemoglobin, platelet, HbA1c, CRP, uric acid, eGFR, AST, ALT, total cholesterol, cTnI) and cardiovascular medications (aspirin, P2Y12 inhibitor, statin, beta blockers, RAS inhibitor, diuretics and gout drugs) were also collected. Of the stent implantation patients, 3,222 had SUA levels measured between admission and stent implantation. If patients had multiple SUA level measurements during the same time period, the one before the time of stent implantation was used for this analysis.



2.3. Clinical outcomes and follow-up

The primary endpoint was defined as all-cause death. The secondary endpoint was defined as a composite of all-cause death, myocardial infarction, target vessel revascularization, stent thrombosis and stroke. Follow-up information for all discharged patients was obtained by experienced data technicians at 3, 6, and 12 months after the stent implantation. Patients with cardiac or other chief complaints during follow-up underwent complete clinical evaluation. Follow-up information was collected and adverse events determined by medical staff who were not aware of the uric acid levels.



2.4. Statistical analysis

Student's t-test, chi-square test and one-way ANOVA were used to compare the baseline characteristics of the study participants between the sexes. The cumulative incidence of cardiovascular outcomes was analyzed using a Kaplan-Meier curve and log-rank test. The reference group was defined as Group 3 in both males and females. HRs with 95% confidence intervals (95% CIs) for cardiovascular outcomes were estimated using Cox proportional hazard regression analysis. Cox proportional hazard models were applied to estimate the HRs of cardiovascular outcomes after adjusting for age, BMI, EF, ACS, CHF, CKD, coronary risk factors, past history, stent type, laboratory assessment (hemoglobin, platelet, HbA1C, eGFR and total-cholesterol) and cardiovascular medications. All statistical analyses were conducted using IBM SPSS Version 22 (IBM, Chicago, IL, USA) and R Studio (Integrated Development Environment for R; R Studio, PBC, Boston, MA, USA). Statistical significance was set at P < 0.05.




3. Results


3.1. Baseline clinical characteristics

Patients lacking SUA level (n = 236) data were excluded. A total of 3,222 subjects were enrolled in this study. The patients consisted of 2,387 males (74.1%) and females 835 (25.9%). Baseline characteristics of sex are described in Table 1. Compared to male patients, female patients were older; had less frequent hyperuricemia, STEMI, current smoking; had more frequent CKD, hypertension, dyslipidemia, diabetes mellitus; had higher LVEF, platelet, HbA1c, CRP, AST, total cholesterol level; and had lower BMI and SUA levels. They were taking less statin, beta blockers and more diuretics. Baseline characteristics of the study participants by SUA levels by sex are shown in Supplementary Tables 1, 2.


TABLE 1 Baseline characteristics according to sex.
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3.2. Cardiovascular outcomes in male patients

In total, 67 deaths and 159 MACCEs occurred within the first year of follow-up. When the subjects were divided into 6 groups (Table 2), in the group with SUA of ≥ 7 mg/dL, higher SUA levels had a higher hazard ratio compared to the group with SUA of 5–5.9 mg/dL (unadjusted HR 3.019, 95% CI 1.097–8.306). Meanwhile, patients who had SUA levels of ≤4.0 mg/dL also had a higher hazard ratio compared with those with SUA of 5–5.9 mg/dL for all-cause death and MACCE (unadjusted HR 4.829, 95% CI 1.813–12.869; unadjusted HR 2.027, 95% CI 1.135–3.621). We added a multivariate analysis to confirm that uric acid was one of the most valuable predictors of cardiovascular events with SUA of 5–5.9 mg/dL. Furthermore, after adjustment for age, BMI, EF, ACS, CHF, CKD, coronary risk factors, stent type, past history and laboratory assessment (hemoglobin, platelet, HbA1C, eGFR and total-cholesterol) and cardiovasvular medications, the group with SUA of <4.0 mg/dL and the group with ≥ 8 mg/dL had significantly higher hazard ratios (adjusted HR 2.942, 95% CI 1.057–8.190; adjusted HR 3.897, 95% CI 1.494–10.168) for all-cause death. The group with ≥ 8 mg/dL had significantly higher hazard ratios (HR 2.012, 95% CI 1.180–3.429) in MACCE (Table 2). This U-shaped association between SUA levels and the incidence of all-cause death and MACCE remained consistent after adjustment (Figures 1A, C). Supplementary Figure 1 shows that the higher rate of all-cause death and MACCE was found in the hyperuricemia group (log-rank p = 0.006 and log-rank p = 0.011).


TABLE 2 Twelve-month all-cause death and MACCE by uric acid levels according to sex.
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FIGURE 1
 Cubic spline models for association between serum uric acid and outcomes according to sex. All cause death among male (A) and female (B), and MACCE among male (C) and female (D). Hazard ratio (solid line) from restricted cubic spline modes for all-cause death and MACCE using baseline uric acid levels. Shading represents 95% confidence intervals. HR, hazard ratio; MACCE, major adverse cardiovascular and cerebrovascular events.




3.3. Cardiovascular outcomes in female patients

In total, 34 deaths and 59 MACCEs occurred within the first year of follow-up. When the subjects were divided into 6 groups (Table 2), there was no significant difference between the 6 groups (p = 0.095 and p = 0.141). After adjustment for age, BMI, EF, ACS, CHF, CKD, coronary risk factors, stent type, past history, laboratory assessment (hemoglobin, platelet, HbA1C, eGFR and total-cholesterol) and cardiovasvular medications, there was no significant difference between the 6 groups (p = 0.628 and p = 0.914). The group with SUA of <4.0 mg/dL and the groups with ≥ 8 mg/dL did not have significantly higher hazard ratios for all-cause death and MACCE (Table 2). The U-shape was not existed with the incidence of all-cause death and MACCE after adjustment (Figures 1B, D). Supplementary Figure 1 shows that the highest rate of all-cause death was found in the hyperuricemia group (Log rank p = 0.006), but there was no significant difference between the hyperuricemia group and normouricemia group in MACCE (Log rank p = 0.077).



3.4. Subgroup analysis of ACS and CCS patients according to SUA levels

There was no significant differences between ACS and CCS, and U-shape pattern was maintained in male patients (Supplementary Figures 2A, C), but not in female patients (Supplementary Figures 2B, D).




4. Discussion

Our analysis revealed a significant U-shaped association between SUA levels and cardiovascular outcomes after stent implantation in male patients. Interestingly, no such association between baseline SUA levels and cardiovascular outcomes was observed in female patients.

Hyperuricemia is an epidemiological problem, especially if present in association with cardiovascular comorbidities (11). Among patients with acute coronary syndrome (ACS) and chronic coronary syndrome (CCS), patients with hyperuricemia increase significantly to 23% (12–14). The proportion of patients with hyperuricemia in our study (22.2%) was similar to them. The association between increased risk of cardiovascular outcomes with SUA levels in general populations or high-risk cardiovascular disease has been reported. Most studies had focused on the effect of hyperuricemia on clinical outcomes after PCI (15–18). However, Several studies had described outcomes related to U-shaped association between cardiovascular outcomes and SUA level after PCI (19, 20). Guidelines from the American College of Rheumatology for the Management of Gout recommend that symptomatic hyperuricemia be defined at SUA levels of ≥ 6.8 mg/dl with no prior gout flares or subcutaneous tophi (21). According to the Japanese Society of Gout and Nucleic Acid Metabolism, hyperuricemia is defined as SUA levels of >7.0 mg/dL, regardless of sex (22). Previous studies showed that SUA levels of >6.8 mg/dl are associated with higher mortality in myocardial infarction (16, 23). However, those levels do not represent a true cut-off value for preventing cardiovascular diseases (they are relevant for gout prevention). Furthermore, the SUA threshold for preventing cardiovascular diseases has not been established to date. Hyperuricemia is a risk factor for cardiovascular and kidney diseases, but SUA levels from which this risk begins to increase remains unknown and could be lower than 6 mg/dl (24).

U or J-shaped associations between SUA levels and the incidence of cardiovascular events have been observed in previous studies (25–30), although the mechanism responsible has not been identified. Our study highlights the necessity of addressing the risk of non-hyperuricemia in addition to hyperuricemia in the pathogenesis of cardiovascular disease. The causal relationship between uric acid and cardiovascular events remains uncertain and determining the optimal range of uric acid control in patients with non-hyperuricemia is challenging. Furthermore, the strength of the relationship between uric acid and cardiovascular events suggests that uric acid may be used for risk stratification in patients with CAD. Ichiro et al., reported that 1,949 patients underwent successful PCI and the results showed a J-shaped relationship between SUA levels and cardiovascular events, although sex differences were not evaluated (19). A Korean cohort study demonstrated that low SUA levels are independently associated with increased risk of all-cause mortality in males and females, an increased risk of CVD mortality in females, and an increased risk of cancer mortality in males (25). This study included young and middle-aged Korean males and females who regularly attended health screening examinations. Another Korean cohort study of 27,490 participants with normal kidney function demonstrated that low SUA levels (≤4 mg/dL) were an independent risk factor for all-cause mortality in males, while high SUA levels (> 8 mg/dL) were not. There was no significant relationship between SUA levels and mortality in females (26). This data is similar to our study. A longitudinal Taiwanese study of elderly health screening examination program in older people (>65 years old) showed that SUA levels ≥ 8 or <4 mg/dL were indicative of higher mortality risk and malnourishment (excluding hospitalized older people), regardless of sex (27). In our findings, an association between low and high uric acid levels (<4 mg/dL and ≥8 mg/dL) and all-cause death and MACCE was identified in male patients, but not restricted by age over 65 or with consideration of nutritional status. Cohorts in a Japanese study of 36,313 subjects showed J- or U-shaped relationships between serum uric acid levels and cardiovascular mortality, but did not consider the impact of HbA1C, and eGFR, etc. (28). Kuo et al., analyzed 354,110 subjects without a history of gout and suggested SUA levels of 0.30–0.41 mmol/L (5.04–6.89 mg/dL) were associated with the lowest incidence of all cause and cardiovascular mortality and should be regarded as optimal (29). However, that study did not include smoking status, alcohol intake or BMI as covariates. Recently, a Chinese cohort study of 3,047 participants excluding severe heart failure and eGFR <30 min per 1.73 m2 showed a U-shaped relationship with all cause death and cardiovascular outcomes in high atherosclerotic risk patients, regardless of sex (30). A previous study showed that SUA levels in adult males are on average ~1 mg/dl higher than in females, but SUA levels in females increased significantly around natural menopause (31). With menopause, lower estrogen levels and increased SUA levels may promote the development of endothelial dysfunction and CVD (32, 33). Our study showed a U-shaped association between SUA levels and cardiovascular outcomes in male patients. However, female patients only numerically showed a J-shaped correlation trend in cardiovascular outcomes. This is partly due to the low number of female patients in our study, who were also older and had lower uric acid levels compare to male patients (5.4 vs. 6.0 mg/dL, p = 0.001, Table 1). This trend is more evident if the low reference (4.0–4.9 mg/dL) was used (Supplementary Table 3).

Several potential mechanisms have been proposed to explain why elevated uric acid levels may lead to cardiovascular outcomes. Direct endothelial injury, increasing oxidative stress, decreased NO (nitric oxide) and systemic inflammatory response underlies the negative mechanisms (34). The production of oxygen free radicals has been related to the catabolism of xanthine oxidase (XO), which can damage endothelial cells, vascular smooth muscle cells, and atrial muscle cells, etc. (35). As the concentration of uric acid increases, it can gradually penetrate directly vascular endothelial cells via urate transporters (GLUT9/URATv1), leading to endothelial dysfunction and proliferation of vascular smooth muscle cells (36), which is also a manifestation of active inflammation (37). In patients with CAD, XO activity is increased and NO activation is reduced, while elevated uric acid is closely associated with visceral fat accumulation and insulin resistance. Uric acid is an important antioxidant and free radical scavenger in vitro, thus hypouricemia increases risk of atherosclerotic diseases owing to decreased antioxidant capacity (38). Low SUA levels may indicate a decrease in total antioxidant capacity and malnourishment (27).



5. Limitations

There are some limitations to our study that warrant consideration. This was a single-center, retrospective study and we only recorded 1 year of follow up for cardiovascular outcomes and did not distinguish between cardiac and non-cardiac deaths, due to the relatively small number of overall patients. Therefore, the occurrence of cardiovascular outcomes may be affected by the stratification of SUA levels. Meanwhile, compared with the large sample data (25–28), the clinical outcomes (U-shaped curve) in our study exhibited a significant right shift. Second, a single assessment of SUA levels at baseline was used to predict cardiovascular outcomes, rather than variability of SUA levels. Third, our study did not take into account information on risk factors for chronic hyperuricaemia (dietary intake, nutrition status, etc). Fourth, this study's findings are subject to the well-known limitations of a retrospective design. The associations between high-sensitivity C-reactive protein, B-type natriuretic peptide, and other proinflammatory cytokines and markers of oxidative stress were not evaluated as part of a multivariable model. Fifth, there is a risk of bias from these data which may be explored, but unlikely to be resolved by sensitivity analysis, therefore leaving a consistent risk of spuriousness. Therefore, attention should be paid to interpreting the results of this study.



6. Conclusions

Our study identified a U-shaped association between SUA levels and cardiovascular outcomes during 12-month follow-up for males, but not for females. Further studies are warranted to clarify the sex differences between SUA levels and clinical outcomes.
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