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Background: The causal relationship between hyperuricemia and

cardiovascular diseases is still unknown. We hypothesized that hyperuricemic

patients after percutaneous coronary intervention (PCI) had a higher risk of

major adverse cardiovascular events (MACE).

Methods: This was a large-scale multicenter cohort study. We enrolled

patients with chronic coronary syndrome (CCS) after PCI between April 2013

and March 2019 using the database from the Clinical Deep Data Accumulation

System (CLIDAS), and compared the incidence of MACE, defined as a

composite of cardiovascular death, myocardial infarction, and hospitalization

for heart failure, between hyperuricemia and non-hyperuricemia groups.
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Results: In total, 9,936 patients underwent PCI during the study period. Of

these, 5,138 patients with CCS after PCI were divided into two group (1,724

and 3,414 in the hyperuricemia and non-hyperuricemia groups, respectively).

The hyperuricemia group had a higher prevalence of hypertension, atrial

fibrillation, history of previous hospitalization for heart failure, and baseline

creatinine, and a lower prevalence of diabetes than the non-hyperuricemia

group, but the proportion of men and age were similar between the two

groups. The incidence of MACE in the hyperuricemia group was significantly

higher than that in the non-hyperuricemia group (13.1 vs. 6.4%, log-rank P <

0.001). Multivariable Cox regression analyses revealed that hyperuricemia was

significantly associated with increased MACE [hazard ratio (HR), 1.52; 95%

confidential interval (CI), 1.23–1.86] after multiple adjustments for age, sex,

body mass index, estimated glomerular filtration rate, left main disease or

three-vessel disease, hypertension, diabetes mellitus, dyslipidemia, history of

myocardial infarction, and history of hospitalization for heart failure. Moreover,

hyperuricemia was independently associated with increased hospitalization

for heart failure (HR, 2.19; 95% CI, 1.69–2.83), but not cardiovascular death

or myocardial infarction after multiple adjustments. Sensitive analyses by sex

and diuretic use, B-type natriuretic peptide level, and left ventricular ejection

fraction showed similar results.

Conclusion: CLIDAS revealed that hyperuricemia was associated with

increasedMACE in patients with CCS after PCI. Further clinical trials are needed

whether treating hyperuricemia could reduce cardiovascular events or not.

KEYWORDS

hyperuricemia, serum uric acid, chronic coronary syndrome, percutaneous coronary

intervention, real-world database

1. Introduction

Epidemiological studies have shown that elevated serum

uric acid (SUA) levels are associated with the increase

of cardiovascular events (1–4). Cardiovascular risk factors

such as hypertension, diabetes mellitus (DM), and chronic

kidney disease may also coexist with hyperuricemia (5–7).

Hyperuricemia and cardiovascular diseases are known to be

associated with both, but it is unclear whether the relationship is

causal or not (8). Some studies showed the positive relationship

between hyperuricemia and cardiovascular disease (9, 10), but

several studies did not show the relationship (11, 12). We

hypothesized that this discrepancy could be mainly from the

study subjects and study design because SUA is confounded

with many cardiovascular risk factors, such as diet, obesity,

hypertension, DM, chronic kidney disease, and so on (13).

Therefore, we conducted a large-scale, cohort study to evaluate

the relationship between hyperuricemia and cardiovascular

events in patients after percutaneous coronary intervention

(PCI) with multiple cardiovascular risk factor adjustments.

The study was conducted to test our hypothesis that

hyperuricemic patients with chronic coronary syndrome (CCS)

after PCI is associated with increased risk of major adverse

cardiovascular events (MACE).

2. Materials and methods

2.1. Clinical Deep Data Accumulation
System (CLIDAS)

The CLIDAS, which involves seven hospitals (six university

hospitals and the National Cerebral and Cardiovascular Center

Hospital in Japan), obtains clinical data including patient

background, laboratory data, prescriptions, echocardiographic

parameters, electrocardiogram, cardiac catheterization reports,

and long-term prognosis. The Standardized Structured Medical

Information eXchange version 2 (SS-MIX2) standard storage

is used to collect basic patient information, prescriptions, and

laboratory data from electronic medical records, whereas the

SS-MIX2 extended storage is used to collect the data with

non-standardized formats such as physiological tests, cardiac

catheterization, and cardiac catheter intervention reports (14).

The development of the CLIDAS started as the Japan Ischemic
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heart disease Multimodal Prospective Data Acquisition for

Precision Treatment project launched in 2015, aimed at

creating a hospital information system (HIS)-based system

that electronically collected both medical records and other

clinical data in standardized data formats for clinical studies

(15). In brief, HIS data, picture archiving and communication

system data, and physiology data server were linked to multi-

purpose clinical data repository system (MCDRS) then to the

SS-MIX2 standard storage system through the firewalls (15).

Each institution output data was linked from its own MCDRS

server to the CLIDAS server after anonymization. Patient

background information and follow-up data were collected

by data managers and researchers at each site. After all data

collected from each facility was aggregated into a central

database, researchers retrieved the information necessary for

the study and combined it based on the patient’s unique

anonymized ID for an integrated analysis of the data. In

other fields, such as diabetes and renal disease, there are

storage systems using the SS-MIX2 as well as the CLIDAS

(16, 17). The collection of detailed longitudinal data on

cardiovascular outcomes using SS-MIX is a unique feature of

the CLIDAS.

2.2. Study design and population

This was a retrospective, multicenter, observational cohort

study. We registered coronary artery disease (CAD) patients

who had undergone PCI at seven hospitals between April

2013 and March 2019. This study period was determined

as the period from the time when available data could

be consistently obtained from each facility to the end

of the ethics committee’s accreditation. This study was

approved by the Institutional Review Board of Jichi Medical

University Saitama Medical Center (S21-163), and was

conducted in accordance with the Declaration of Helsinki.

The requirement for written informed consent was waived

due to the retrospective study design. Patients with acute

coronary syndrome and those with no event data were

excluded. The final study population was categorized

into two groups according to baseline SUA levels and/or

prescribed urate-lowering drugs; the hyperuricemia group:

patients with hyperuricemia at baseline, and the non-

hyperuricemia group: patients without hyperuricemia

at baseline.

The primary outcome was MACE, defined as a composite of

cardiovascular death, myocardial infarction, or hospitalization

for heart failure. The secondary outcomes were all-cause death

and each component of MACE. The event-free time was

calculated from the index PCI to the event date or the last

follow-up date. Event confirmation was done at each facility

using record information about patient visits, phone calls,

and letters.

2.3. Definitions

In the CLIDAS database, index PCI was defined as the

first PCI procedure within the study period if multiple vessels

were treated in a staged manner. To increase the acquisition

rate of laboratory data values, all baseline laboratory data were

calculated as the average values from 60 days before the index

PCI to 30 days after the procedure. In this study, hyperuricemia

was defined as a SUA level ≥7.0 mg/dL for men or ≥6.0 mg/dL

for women and/or taking urate-lowering drugs according to

the previous studies (18–21). CCS was defined as cases of PCI

other than acute coronary syndrome (22). Hypertension was

defined as a systolic blood pressure≥140 mmHg, diastolic blood

pressure ≥90 mmHg, or a medical treatment for hypertension

at index PCI. DM was defined as a hemoglobin A1C level

≥6.5%, casual blood glucose level ≥200 mg/dL, fasting blood

glucose level ≥126 mg/dL, or medical treatment for DM at

index PCI. Dyslipidemia was defined as a medical treatment for

dyslipidemia at the index PCI or description of dyslipidemia

on electronic medical records. We calculated the estimated

glomerular filtration rate (eGFR) from the serum creatinine

level, age, weight, and sex, using the following formula: eGFR

= 194 × Cr−1.094 × age−0.287 (man); eGFR = 194 × Cr−1.094

× age−0.287 × 0.739 (woman) (23). We used echocardiographic

findings closest to the index PCI, performed between−100 and 0

days before index PCI. Left ventricular ejection fraction (LVEF)

was calculated using the modified Simpson’s rule; however, the

Teichholz method was used for LVEF measurement if the data

of the modified Simpson’s rule were missing.

The number of diseased vessels was defined as the number

of coronary arteries with severe stenosis (≥75%) in the major

epicardial coronary segments of the right coronary artery, left

anterior descending artery, and left circumflex artery and their

branch lesions that underwent PCI. The diseased left main trunk

(LMT), defined as ≥75% stenosis, was counted separately. The

patients were categorized according to the combination of the

number of diseased vessels and LMT disease.

2.4. Statistical analysis

Categorical variables were presented as counts and

percentages, and continuous variables were presented as mean

± standard deviation for normally distributed continuous

variables or median [interquartile range (IQR)] for non-

normally distributed continuous variables. Categorical variables

were compared using the chi-square test or Fisher’s exact test for

small samples. Normally distributed continuous variables were

compared between the groups using an unpaired Student’s t-test.

The Shapiro-Wilk test was performed to determine whether the

continuous variables were normally distributed. Conversely,

non-normally distributed continuous variables were compared

using the Mann–Whitney U test. Event-free survival rates
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were calculated using the Kaplan–Meier method, and the

statistical differences between the groups were calculated using

the log-rank test. The patients were censored when they were

lost to follow-up. Cox regression analyses were performed to

clarify the determinants of MACE, all-cause death, and each

component of MACE. For missing values, a complete case

analysis was performed. Age, sex, body mass index, eGFR, left

main (LM) disease or three-vessel disease (3VD), hypertension,

DM, dyslipidemia, history of myocardial infarction, and history

of hospitalization for heart failure were used as covariates in

Model 1. Model 2 was performed using the covariates in Model

1 and diuretic use at baseline. Model 3 was used as a covariate in

Model 2, B-type natriuretic peptide (BNP) levels, and LVEF at

baseline. The missing numbers of BNP levels and LVEF were not

small; thus, interpretation of Model 3 must be done carefully.

Hazard ratios (HR) and 95% confidence intervals (CI) were

calculated. All presented P-values were determined by two-sided

analysis, and a P-value of <0.05 was considered statistically

significant. P-values were presented without adjustment for

multiple comparisons in an exploratory manner. All data were

analyzed using SPSS ver. 28 for Windows (SPSS Inc., Chicago,

Illinois, USA).

3. Results

A total of 9,936 consecutive patients who underwent PCI

between April 2013 and March 2019 were enrolled in the

CLIDAS database. Of them, 5,138 patients with CCS after PCI

were analyzed. They were divided into a hyperuricemia group

(N = 1,724) and a non-hyperuricemia group (N = 3,414)

(Figure 1).

FIGURE 1

Study flow chart. PCI, percutaneous coronary intervention;

CLIDAS, Clinical Deep Data Accumulation System.

Table 1 shows the baseline characteristics and comparisons

of the hyperuricemia and non-hyperuricemia groups. For

the entire cohort, the median (IQR) age was 72 (65–78)

years, and 78.4% of the participants were men. Patient age

and sex were well-balanced between the two groups. The

prevalence of hypertension (87.0 vs. 81.7%), atrial fibrillation

(9.0 vs. 4.5%), history of coronary artery bypass grafting

(8.0 vs. 6.1%), history of hospitalization for heart failure

(14.7 vs. 5.6%), and baseline creatinine value [median (IQR),

1.06 (0.88–1.39) mg/dL vs. 0.85 (0.72–1.02) mg/dL] were

significantly higher in the hyperuricemia group than in the

non-hyperuricemia group. Conversely, the prevalence of DM

(43 vs. 48%) was significantly lower in the hyperuricemia

group than that in the non-hyperuricemia group. The median

BNP level in the hyperuricemia group [89 (35–282) pg/mL]

was higher than that in the non-hyperuricemia group [45

(21–122) pg/mL]. The LVEF was lower in the hyperuricemia

group than in the non-hyperuricemia group [60.0 (44.0–

67.3)% vs. 62.6 (53.4–69.0)%]. LM disease or 3VD were

more frequently observed in the hyperuricemia group than

in the non-hyperuricemia group (20.1 vs. 17.0%). Prescription

of beta-blockers, angiotensin-converting enzyme inhibitors

or angiotensin receptor blockers, diuretics, and statins was

significantly higher in the hyperuricemia group than in the non-

hyperuricemia group. The number of prescriptions of febuxostat

and allopurinol in the hyperuricemia group was 532 (30.9%) and

326 (18.9%), respectively.

The median follow-up duration was 910 days (307–1,479

days). During the follow-up period, there were 445 MACE,

381 all-cause deaths, 133 cardiovascular deaths, 85 myocardial

infarctions, and 295 hospitalizations for heart failure (Table 2).

The Kaplan–Meier curves for MACE are shown in Figure 2.

The incidence of MACE was significantly higher in the

hyperuricemia group than in the non-hyperuricemia group (log-

rank test; P < 0.001). The Kaplan–Meier curves for all-cause

death and each component of MACE are shown in Figure 3.

The incidence of all-cause death, cardiovascular death and

hospitalization for heart failure was significantly higher in the

hyperuricemia group than in the non-hyperuricemia group (log-

rank test; P < 0.001 for all of each). There was no significant

difference in the prevalence of myocardial infarction between

the two groups.

SUA levels were significantly different between men and

women. Therefore, we conducted additional sensitivity analyses

based on sex. The results of survival time analyses performed

separately for men and women were generally consistent,

except for cardiovascular death in women, which did not reach

significance (log-rank test; P = 0.211).

The Cox regression analysis results are presented in Table 3.

The hyperuricemia group was significantly associated with

increased MACE in Models 1, 2, and 3 (Model 1: HR, 1.52,

95% CI, 1.23–1.86, P < 0.001; Model 2: HR, 1.31, 95% CI,

1.06–1.62, P = 0.012; Model 3: HR, 1.33, 95% CI, 1.01–1.77,
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TABLE 1 Baseline characteristics between the hyperuricemia and non-hyperuricemia groups.

All
(n = 5,138)

Missing
data

Hyperuricemia
(n = 1,724)

Non-hyperuricemia
(n = 3,414)

P-value

Patient characteristics

Age, year, median (IQR) 72 (65–78) 0 72 (65–78) 71 (65–78) 0.42

Men, n (%) 4,029 (78.4) 0 1,351 (78.4) 2,678 (78.4) 0.95

Body mass index, kg/m2 , median (IQR) 23.8 (21.8–26.3) 54 (1.1) 24.4 (22.0–27.0) 23.6 (21.6–25.9) <0.001

Hypertension, n (%) 4,276 (83.5) 17 (0.3) 1,495 (87.0) 2,781 (81.7) <0.001

Dyslipidemia, n (%) 4,043 (79.0) 22 (0.4) 1,371 (79.8) 2,672 (78.6) 0.33

Diabetes mellitus, n (%) 2,379 (46.6) 31 (0.6) 744 (43.4) 1,635 (48.2) 0.001

Atrial fibrillation, n (%) 308 (6.0) 17 (0.3) 154 (9.0) 154 (4.5) 0.001

Chronic kidney disease, n (%) 2,518 (50.0) 104 (2.0) 1,188 (70.5) 1,330 (39.7) <0.001

Hemodialysis, n (%) 385 (7.5) 27 (0.5) 122 (7.1) 263 (7.7) 0.42

History of CABG, n (%) 345 (6.7) 20 (0.4) 138 (8.0) 207 (6.1) 0.009

History of PCI, n (%) 1,300 (25.4) 24 (0.5) 451 (26.3) 849 (25.0) 0.32

History of MI, n (%) 857 (16.8) 30 (0.6) 300 (17.5) 557 (16.4) 0.34

History of hospitalization for HF, n (%) 442 (8.6) 20 (0.4) 252 (14.7) 190 (5.6) <0.001

History of stroke, n (%) 626 (12.2) 25 (0.5) 228 (13.3) 398 (11.7) 0.10

Systolic blood pressure on admission,

mmHg, median (IQR)

127 (115–139) 86 (1.7) 126 (114–140) 127 (115–139) 0.47

Diastolic blood pressure on admission,

mmHg, median (IQR)

69 (61–78) 88 (1.7) 70 (60–78) 69 (61–78) 0.29

Laboratory data

Hemoglobin, g/dL, median (IQR) 12.8 (11.5–13.9) 0 12.5 (11.1–13.8) 12.9 (11.7–13.9) <0.001

Hemoglobin A1C, %, median (IQR) 6.2 (5.8–6.8) 233 (4.5) 6.1 (5.7–6.7) 6.2 (5.8–6.9) <0.001

Total cholesterol, mg/dL, median (IQR) 165.0 (144.0–186.0) 110 (2.1) 164.5 (143.0–185.5) 165.0 (144.5–186.3) 0.63

LDL cholesterol, mg/dL, median (IQR) 88.4 (71.8–107.2) 58 (1.1) 87.6 (71.1–106.7) 88.8 (71.9–107.5) 0.37

HDL cholesterol, mg/dL, median (IQR) 46.5 (39.0–55.7) 85 (1.7) 44.0 (37.5–53.0) 47.9 (40.0–57.0) <0.001

Triglyceride, mg/dL, median (IQR) 120.5 (88.0–169.0) 50 (1.0) 133.3 (94.3–188.0) 114.5 (85.2–160.0) <0.001

Creatinine, mg/dL, median (IQR) 0.91 (0.76–1.15) 107 (2.1) 1.06 (0.88–1.39) 0.85 (0.72–1.02) <0.001

eGFR, ml/min/1.73 m2 , median (IQR) 60.1 (45.9–72.2) 107 (2.1) 49.7 (36.6–62.6) 64.5 (53.2–75.5) <0.001

Uric acid, mg/dL, median (IQR) 5.7 (4.8–6.6) 0 7.0 (5.8–7.7) 5.3 (4.6–6.0) <0.001

BNP, pg/mL, median (IQR) 55 (24–170) 323 (6.3) 89 (35–282) 45 (21–122) <0.001

Echocardiographic finding (index −100 to 0 day)

LVEF, %, median (IQR) 61.9 (50.0–68.5) 2,451 (47.7) 60.0 (44.0–67.3) 62.6 (53.4–69.0) <0.001

Angiographic finding

LM disease or 3VD, n (%) 927 (18.0) 405 (7.9) 346 (20.1) 581 (17.0) 0.021

Prescription (index −10 to 10 day)

Beta-blockers, n (%) 2,868 (55.8) 0 1,099 (63.7) 1,769 (51.8) <0.001

ACE-inhibitors or ARBs, n (%) 2,997 (58.3) 0 1,189 (69.0) 1,808 (53.0) <0.001

Diuretics, n (%) 1,174 (22.8) 0 700 (40.6) 474 (13.9) <0.001

Statins, n (%) 3,955 (77.0) 0 1,395 (80.9) 2,560 (75.0) <0.001

(Continued)
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TABLE 1 (Continued)

All
(n = 5,138)

Missing
data

Hyperuricemia
(n = 1,724)

Non-hyperuricemia
(n = 3,414)

P-value

Febuxostat, n (%) 532 (10.4) 0 532 (30.9)

Allopurinol, n (%) 326 (6.3) 0 326 (18.9)

Benzbromarone, n (%) 65 (1.3) 0 65 (3.8)

Probenecid, n (%) 3 (0.05) 0 3 (0.1)

CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; MI, myocardial infarction; HF, heart failure; LDL, low-density lipoprotein; HDL, high-density

lipoprotein; eGFR, estimated glomerular filtration rate; BNP, B-type natriuretic peptide; LVEF, left ventricular ejection fraction; LM, left main; VD, vessel disease; ACE, angiotensin-

converting enzyme; ARB, angiotensin II receptor blocker; IQR, interquartile range.

TABLE 2 Clinical outcomes between the hyperuricemia and non-hyperuricemia groups.

All
(n = 5,138)

Hyperuricemia
(n = 1,724)

Non-hyperuricemia
(n = 3,414)

MACE, n (%) 445 (8.7) 226 (13.1) 219 (6.4)

All-cause death, n (%) 381 (7.4) 171 (9.9) 210 (6.2)

Cardiovascular death, n (%) 133 (2.6) 64 (3.7) 69 (2.0)

Myocardial infarction, n (%) 85 (1.7) 31 (1.8) 54 (1.6)

Hospitalization for heart failure, n (%) 295 (5.7) 173 (11.3) 122 (3.6)

MACE, major adverse cardiovascular events.

FIGURE 2

Kaplan–Meier curves for MACE between the hyperuricemia and

non-hyperuricemia groups. P-value were calculated using the

log-rank test. MACE, major adverse cardiac events.

P = 0.046). The hyperuricemia group was also significantly

associated with increased hospitalization for heart failure in

Models 1, 2, and 3 (Model 1: HR, 2.19, 95% CI, 1.69–2.83,

P < 0.001; Model 2: HR, 1.76, 95% CI, 1.35–2.29, P < 0.001;

Model 3: HR, 1.71, 95% CI, 1.21–2.41, P = 0.003). All-cause

death was significantly associated with hyperuricemia only

in model 1. Neither cardiovascular death nor myocardial

infarction were significantly associated with hyperuricemia

between the two groups after multiple adjustments

for covariates.

Since our results showed that hospitalization for heart

failure events have the greatest impact on MACE, we performed

additional sensitivity analyses in patients without a history of

heart failure (n = 4676). The incidence of hospitalization for

heart failure was significantly higher in the hyperuricemia group

than in the non-hyperuricemia group after multiple adjustments

(Model 1: HR, 2.14, 95% CI, 1.58–2.90, P < 0.001; Model 2:

HR, 1.68, 95% CI, 1.23–2.30, P = 0.001; Model 3: HR, 1.61,

95% CI, 1.06–2.44, P = 0.026) (Supplementary Figure 1 and

Supplementary Table 1).

4. Discussion

This large-scale, multicenter, observational cohort study

revealed that the hyperuricemic patients with CCS after PCI

had two times higher incidence of MACE than those without

hyperuricemia during a median follow-up of 910 days. Even

after multiple adjustments, hyperuricemia was independently

associated with higher risk for MACE (Model 1: HR, 1.52;

Model 2: HR, 1.31; Model 3: HR, 1.33). The sensitivity analyses

after multiple adjustments showed that hyperuricemia was

independently associated with increased hospitalization for

heart failure (Model 1: HR, 2.19; Model 2: HR, 1.76; Model

3: HR, 1.71), but not cardiovascular death and myocardial

infarction. These results suggest that hyperuricemia in patients

with CCS after PCI could be a risk predictor for MACE,

especially for heart failure.

The strengths of the study are that we adjusted many

confounding factors of SUA by multiple models. SUA is
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FIGURE 3

Kaplan–Meier curves for all-cause death and each component of MACE between the hyperuricemia and non-hyperuricemia groups.

Kaplan–Meier curves for all-cause death (A), cardiovascular death (B), myocardial infarction (C), and hospitalization for heart failure (D) between

the hyperuricemia and non-hyperuricemia groups. P-values were calculated using the log-rank test. MACE, major adverse cardiac events.

associated with many cardiovascular risk factors, including

age, sex, body mass index, eGFR, hypertension, DM, and

dyslipidemia, and we carefully adjusted these components.

Furthermore, diuretics, like thiazide and loop diuretics, increase

SUA by reducing urine urate excretion, and we adjusted

diuretic use in Model 2. The HR of MACE in Model 2

was less than that in Model 1 (1.31 vs. 1.52), which showed

that conducting analyses by multiple models is important to

remove the confounding factors associated with SUA. Even

after adjustments with diuretics use, every model showed that

hyperuricemia was independently associated with increased

MACE. Moreover, the HR of hospitalization for heart failure in

Model 2 was also lower than that in Model 1 (1.76 vs. 2.19),

which suggests that SUA and diuretics are associated with each

other during hospitalization for heart failure. Diuretic use is

recommended for managing heart failure based on guidelines

(24, 25). Our results suggests that we should take care of SUA

levels in use of diuretics for heart failure as a competing risk for

hospitalization for heart failure.

SUA levels were largely different between men and women,

and we conducted every analysis stratified by sex. The results

of survival time analyses showed that hyperuricemia was

independently associated with increased cardiovascular death

in men, but not in women. However, the HR in women were

similar with that in men, and both HRs were more than

1. Therefore, the difference could be due to the differences

in the number of patients. In fact, there were significant

differences both men and women in all-cause death, which has

a higher number of events than cardiovascular disease. The

number of women patients was less than one-third of that of

men patients. Previous studies reported that hyperuricemia in

women is more risk than that in men (13, 26). We consider

that the difference could be mainly due to less statistical power

in women.
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TABLE 3 Cox regression analysis predicting MACE, all-cause death, and components of MACE.

Composite endpoint Hazard ratio 95% confidence interval P-value

MACE

Non-hyperuricemia Reference

Unadjusted hyperuricemia 2.10 1.74–2.52 <0.001

Adjusted hyperuricemia (model 1) 1.52 1.23–1.86 <0.001

Adjusted hyperuricemia (model 2) 1.31 1.06–1.62 0.012

Adjusted hyperuricemia (model 3) 1.33 1.01–1.77 0.046

Component endpoints Hazard ratio 95% confidence interval P-value

All-cause death

Non-hyperuricemia Reference

Unadjusted hyperuricemia 1.60 1.31–1.96 <0.001

Adjusted hyperuricemia (model 1) 1.26 1.01–1.57 0.044

Adjusted hyperuricemia (model 2) 1.15 0.92–1.45 0.23

Adjusted hyperuricemia (model 3) 1.13 0.82–1.56 0.47

Cardiovascular death

Non-hyperuricemia Reference

Unadjusted hyperuricemia 1.83 1.30–2.57 <0.001

Adjusted hyperuricemia (model 1) 1.20 0.82–1.74 0.35

Adjusted hyperuricemia (model 2) 1.05 0.72–1.55 0.80

Adjusted hyperuricemia (model 3) 1.00 0.59–1.71 0.99

Myocardial infarction

Non-hyperuricemia Reference

Unadjusted hyperuricemia 1.13 0.73–1.76 0.58

Adjusted hyperuricemia (model 1) 0.83 0.51–1.33 0.44

Adjusted hyperuricemia (model 2) 0.87 0.53–1.41 0.56

Adjusted hyperuricemia (model 3) 0.89 0.45–1.76 0.74

Hospitalization for heart failure

Non-hyperuricemia Reference

Unadjusted hyperuricemia 2.89 2.29–3.65 <0.001

Adjusted hyperuricemia (model 1) 2.19 1.69–2.83 <0.001

Adjusted hyperuricemia (model 2) 1.76 1.35–2.29 <0.001

Adjusted hyperuricemia (model 3) 1.71 1.21–2.41 0.003

The Cox regression analysis was performed using the following covariates: Model 1 including age, sex, body mass index, eGFR, left main disease or three-vessel disease, hypertension,

diabetes mellitus, dyslipidemia, history of myocardial infarction, history of hospitalization for heart failure. Model 2 including covariates in Model 1 and diuretics use at baseline. Model

3 including covariates in Model 2, BNP levels and LVEF at baseline. BNP and LVEF were entered as the categorical variables (BNP ≥100 pg/mL or not, LVEF ≥50% or not, respectively).

MACE, major adverse cardiovascular events.

As several studies demonstrated, higher SUA levels were

associated with the incidence of cardiovascular events in

patients with CAD (9, 27–29). One multicenter, prospective

observational study reported that elevated SUA level was

an independent predictor of cardiovascular events and all-

cause mortality in patients who had coronary artery stenosis

≥75% by coronary angiography in at least one branch of

the coronary arteries (9). During the 3-years follow-up, the

HR for all events, defined as cardiovascular events and all-

cause mortality, was 1.25 (95% CI, 1.07–1.45) in the highest

SUA quartile (SUA ≥6.8 mg/dL) after adjusting for covariates.

Although these components of the composite endpoint were
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slightly different from those in our study, elevated SUA levels

were consistently associated with increased adverse events.

However, some previous studies demonstrated that increased

SUA levels were not significantly associated with a higher rate

of cardiovascular mortality in patients with CAD (30, 31). One

prospective observational study from the Stable Coronary Artery

Diseases Registry (START) registry in Italy reported that high

SUA levels did not significantly influence 1-year cardiovascular

events in patients with CCS with or without PCI (30). Contrary

to our findings, the START registry showed no relationship

between SUA levels and cardiovascular events. The above

discordance may be due to the fact that the follow-up period

in the START registry (1 year) was shorter than our follow-up

period (median 910 days). In fact, the highest SUA tertile group

(SUA ≥6.23 mg/dL) tended to have an increased incidence of

MACE, including cardiovascular death and hospitalization for

myocardial infarction, heart failure, angina, or revascularization,

suggesting that a longer follow-up period might have revealed a

significant relationship between increased SUA levels andMACE

in the START registry (30).

We should discuss why MACE, especially hospitalization

for heart failure, increased in the hyperuricemia group

compared with the non-hyperuricemia group. Our results

revealed that the presence of hyperuricemia during PCI

procedures in patients with CCS after PCI was an independent

predictor of hospitalization for heart failure, whereas there

was no independent relationship between hyperuricemia

and cardiovascular events, including cardiovascular death

and myocardial infarction. Additionally, we performed

sensitivity analyses to determine whether hyperuricemia

affects hospitalization for heart failure in patients without a

history of heart failure (n = 4676), and the results showed that

hyperuricemia was still associated with hospitalization for heart

failure after multiple adjustments (Supplementary Table 1).

It has been reported that uric acid metabolism plays an

important role in the development of cardiovascular disease,

especially in the early stages of cardiovascular disease (32).

In the CARDIA study, a cohort of young subjects showed

that the elevation of SUA levels might be a biomarker for

early atherosclerosis, as assessed by coronary artery calcified

plaque and carotid intima-media thickness (33). A recent study

using dual-energy computed tomography detected coronary

monosodium uric acid crystal deposition in gout patients (34).

However, some studies showed that higher SUA levels were not

significantly linked to a higher rate of cardiovascular mortality

in CAD patients. These findings suggest that hyperuricemia

may contribute to CAD progression in the early stages of

atherosclerosis. Despite these findings, our results showed

no statistically significant difference in myocardial infarction

between the two groups, suggesting that hyperuricemia may

contribute to heart failure events more than atherosclerotic

disease progression in patients with CCS after PCI. Even

after adding covariates such as diuretic use at baseline, BNP

level, and LVEF at baseline, hyperuricemia was consistently

associated with MACE and hospitalization for heart failure.

One meta-analysis reported that every 1 mg/dL increase in

SUA increases the risk of developing heart failure by 19% (HR

1.19, 95% CI 1.17–1.21) (35). Moreover, some retrospective

observational studies have shown that elevated SUA levels are

associated with a higher risk of heart failure in patients with

CAD (36, 37). The mechanism by which uric acid influences

the development of heart failure is thought to be the result of

oxidative stress caused by xanthine oxidase-derived elevated

uric acid and reactive oxygen species (38). Other factors, such

as the renin-angiotensin-aldosterone system and the use of

diuretics (39), have not been fully elucidated.

The clinical implications of this study are as follows. We

revealed that the presence of hyperuricemia in patients with

CCS after PCI was associated with increased MACE, especially

hospitalization for heart failure. Some recent clinical guidelines

have shown that urate-lowering drugs may be associated with

a reduction in the risk of cardiovascular events in patients

with hyperuricemia and gout (40); however, it remains unclear

whether urate-lowering drugs could prevent the subsequent

development of cardiovascular disease among CCS patients.

The results of two randomized controlled trials on the effects

of the urate-lowering drugs oxypurinol (41) and allopurinol

(42) on cardiovascular events in patients with symptomatic

heart failure and reduced LVEF did not show improved clinical

status. Although not significant, taking allopurinol tended to

reduce hospitalization for heart failure in the EXACT-HF study

(42). Considering these results and our results, future studies

are warranted to determine whether urate-lowering therapy in

patients with CCS after PCI can reduce cardiovascular events,

including hospitalization for heart failure.

4.1. Limitations

This study had some limitations that need to be addressed.

First, because this was a retrospective observation study, we

could not show the causal relationship between hyperuricemia

and MACE. Further clinical trials are needed whether urate

lowering treatment for hyperuricemia could reduce MACE or

not. Moreover, this study has a possibility of selection bias.

To reduce the selection bias, this study included all patients

over the study period from seven hospitals. Second, due to the

missing echocardiographic data and BNP values, these were

analyzed separately in the multivariable analysis, which might

lead to biased results. To address this problem, we created

several models using a multivariable analysis. The results of the

three models showed the same direction, and we believe that

the results were reliable. Additionally, our results in Table 3

showed that hyperuricemia was significantly associated with

hospitalization for heart failure, and not any other components

of MACE. It is crucial to take into account echocardiographic
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results, such as LVEF. We performed sensitivity analyses of

only those evaluated for LVEF (n = 2,687), and the trend of

the results did not differ from that of the overall population

(log-rank test for MACE, P < 0.001; that for cardiovascular

death, P = 0.005; that for myocardial infarction, P = 0.489;

that for heart failure, P < 0.001). Third, our database does not

contain information about the history of gout; therefore, we

have a mix of symptomatic and asymptomatic hyperuricemia

patients. Although patients taking urate-lowering drugs may

have a history of gout, survival time analysis of MACE in

the hyperuricemia group according to the presence or absence

of urate-lowering drugs showed no significant difference (log-

rank test; P = 0.232). Fourth, in this study, all baseline

laboratory data were calculated as the average values from 60

days before the index PCI to 30 days after the procedure,

and it had time gap between the sample collection and the

index PCI procedure. Therefore, the time gap could cause

the associations significantly impacted. However, it is also

important to increase the acquisition rate of laboratory data

values, and this study adopted this methodology. Fifth, the

definition of LM disease generally used a significant stenosis

as ≥50% for LM. In our study, we used the definition

of LM disease as ≥75% for LM when making the study

protocol following the previous study (43). We have to take

account for the difference of the definition of LM disease

between our study and most international studies. Sixth,

this study could not get the information of food, alcohol

and fructose intake. SUA levels are affected by alcohol and

fructose consumption. It is a limitation in a nature of this

retrospective study.

5. Conclusion

The CLIDAS study showed that hyperuricemia was

associated with an increased risk of MACE, especially increased

hospitalization for heart failure, in patients with CCS after PCI.

Further intervention studies are needed to determine whether

urate-lowering treatment could prevent MACE in patients

with CCS.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed

and approved by the Institutional Review Board of Jichi

Medical University Saitama Medical Center (S21-163). Written

informed consent for participation was not required for this

study in accordance with the national legislation and the

institutional requirements.

Author contributions

NA and HF contributed to conception and design of the

study. NA, TM, TKo, TKa, MI, TN, and HS collected data and

organized the database. NA performed the statistical analysis.

NA, MK, and HF contributed to interpretation of the data and

writing. All authors contributed to the critical revision and final

approval of the manuscript.

Funding

CLIDAS was developed with funding from Kowa

Company Limited.

Acknowledgments

The authors thank the Kowa Company for funding

the development of CLIDAS. The authors appreciate the

contributions of all CLIDAS research groupmembers. We thank

Yuri Matoba (Precision Inc., Tokyo, Japan) for helping us

integrate the data.

Conflict of interest

HS was employed by Precision, Inc. TM has received

research grants from Amgen; and honoraria from Abbott

Medical and Bayer. TKa has received scholarship funds from

Abbott Medical. YIm has received honoraria from Daiichi

Sankyo and Toa Eiyo. KK has received research grants and

honoraria from Sanwa Kagaku Kenkyusho. AK has received

honoraria from AstraZeneca, Eli Lilly, and Sumitomo Pharma.

YN has received research grants and consulting fees from

Bayer. KT has received research grants from PPD-Shin Nippon

Biomedical Laboratories and Alexion Pharmaceuticals; and

scholarship funds from Abbott Medical, Bayer, Boehringer

Ingelheim, Daiichi Sankyo, ITI, Ono Pharmaceutical, Otsuka

Pharmaceutical, and Takeda Pharmaceutical; affiliation with

endowed department from Abbott Medical, Boston Scientific,

Cardinal Health, Fides-ONE, Fukuda Denshi, GMMedical, ITI,

Japan Lifeline, Kaneka Medix, Medical Appliance, Medtronic,

Nipro, and Terumo; and honoraria from Abbott Medical,

Amgen, AstraZeneca, Bayer, Daiichi Sankyo, Medtronic,

Kowa, Novartis Pharma, Otsuka Pharmaceutical, Pfizer, and

Janssen Pharmaceutical. HS reports stock or stock options in

Precision. HF has received consulting fees from Mehergen

Frontiers inCardiovascularMedicine 10 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1062894
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Akashi et al. 10.3389/fcvm.2022.1062894

Group Holdings; and honoraria from Novartis Pharma and

Otsuka Pharmaceutical. RN has received from honoraria

from Kowa, Takeda Pharmaceutical, Tanabe-Mitsubishi

Pharmaceutical, Boehringer-Ingelheim.

The remaining authors declare that the research was

conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fcvm.2022.1062894/full#supplementary-material

SUPPLEMENTARY FIGURE 1

Kaplan–Meier curves for hospitalization for heart failure in patients

without a history of heart failure.

SUPPLEMENTARY TABLE 1

Cox regression analysis predicting hospitalization for heart failure in

patients without a history of heart failure.

References

1. Fang J, Alderman MH. Serum uric acid and cardiovascular mortality
the NHANES I epidemiologic follow-up study, 1971–1992. National
health and nutrition examination survey. JAMA. (2000) 283:2404–10.
doi: 10.1001/jama.283.18.2404

2. BosMJ, Koudstaal PJ, HofmanA,Witteman JC, BretelerMM.Uric acid is a risk
factor for myocardial infarction and stroke: the Rotterdam study. Stroke. (2006)
37:1503–7. doi: 10.1161/01.STR.0000221716.55088.d4

3. Lopez-Pineda A, Cordero A, Carratala-Munuera C, Orozco-Beltran D,
Quesada JA, Bertomeu-Gonzalez V, et al. Hyperuricemia as a prognostic
factor after acute coronary syndrome. Atherosclerosis. (2018) 269:229–35.
doi: 10.1016/j.atherosclerosis.2018.01.017

4. Seki H, Kaneko H, Morita H, Itoh H, Morita K, Matsuoka S, et al. Relation of
serum uric acid and cardiovascular events in young adults aged 20–49 years. Am J
Cardiol. (2021) 152:150–57. doi: 10.1016/j.amjcard.2021.05.007

5. Wang J, Qin T, Chen J, Li Y, Wang L, Huang H, et al. Hyperuricemia and risk
of incident hypertension: a systematic review and meta-analysis of observational
studies. PLoS ONE. (2014) 9:e114259. doi: 10.1371/journal.pone.0114259

6. Lv Q, Meng XF, He FF, Chen S, Su H, Xiong J, et al. High serum uric acid and
increased risk of type 2 diabetes: a systemic review andmeta-analysis of prospective
cohort studies. PLoS ONE. (2013) 8:e56864. doi: 10.1371/journal.pone.0056864

7. Bonino B, Leoncini G, Russo E, Pontremoli R, Viazzi F. Uric acid
in CKD: has the jury come to the verdict? J Nephrol. (2020) 33:715–24.
doi: 10.1007/s40620-020-00702-7

8. Johnson RJ, Bakris GL, Borghi C, Chonchol MB, Feldman D, Lanaspa
MA, et al. Hyperuricemia, acute and chronic kidney disease, hypertension,
and cardiovascular disease: report of a scientific workshop organized
by the national kidney foundation. Am J Kidney Dis. (2018) 71:851–65.
doi: 10.1053/j.ajkd.2017.12.009

9. Okura T, Higaki J, Kurata M, Irita J, Miyoshi K, Yamazaki T, et al. Elevated
serum uric acid is an independent predictor for cardiovascular events in patients
with severe coronary artery stenosis: subanalysis of the Japanese Coronary Artery
Disease (JCAD) study. Circ J. (2009) 73:885–91. doi: 10.1253/circj.CJ-08-0828

10. Braga F, Pasqualetti S, Ferraro S, Panteghini M. Hyperuricemia as risk factor
for coronary heart disease incidence and mortality in the general population:
a systematic review and meta-analysis. Clin Chem Lab Med. (2016) 54:7–15.
doi: 10.1515/cclm-2015-0523

11. Culleton BF, Larson MG, Kannel WB, Levy D. Serum uric acid and risk for
cardiovascular disease and death: the Framingham Heart Study. Ann Intern Med.
(1999) 131:7–13. doi: 10.7326/0003-4819-131-1-199907060-00003

12. Moriarity JT, Folsom AR, Iribarren C, Nieto FJ, Rosamond WD. Serum uric
acid and risk of coronary heart disease: atherosclerosis risk in communities (ARIC)
study. Ann Epidemiol. (2000) 10:136–43. doi: 10.1016/S1047-2797(99)00037-X

13. Kuwabara M. Hyperuricemia, Cardiovascular Disease, and Hypertension.
Pulse (Basel). (2016) 3:242–52. doi: 10.1159/000443769

14. Kimura M, Nakayasu K, Ohshima Y, Fujita N, Nakashima N, Jozaki H,
et al. SS-MIX: a ministry project to promote standardized healthcare information
exchange.Methods Inf Med. (2011) 50:131–9. doi: 10.3414/ME10-01-0015

15. Matoba T, Kohro T, Fujita H, Nakayama M, Kiyosue A, Miyamoto Y,
et al. Architecture of the Japan ischemic heart disease multimodal prospective
data acquisition for precision treatment (J-IMPACT) System. Int Heart J. (2019)
60:264–70. doi: 10.1536/ihj.18-113

16. Ishii M,Miyo K, Sugiyama T, OhsugiM, Ueki K. Development of patient state
model to overview clinical registry database. Stud Health Technol Inform. (2019)
264:1492–93. doi: 10.3233/SHTI190500

17. Nakagawa N, Sofue T, Kanda E, Nagasu H, Matsushita K, Nangaku
M, et al. J-CKD-DB: a nationwide multicentre electronic health record-
based chronic kidney disease database in Japan. Sci Rep. (2020) 10:7351.
doi: 10.1038/s41598-020-64123-z

18. Suwazono Y, Kobayashi E, Uetani M, Miura K, Morikawa Y, Ishizaki M, et al.
G-protein beta3 subunit gene variant is unlikely to have a significant influence on
serum uric acid level in Japanese workers. Tohoku J Exp Med. (2006) 209:149–57.
doi: 10.1620/tjem.209.149

19. Han M, Lee JP, Park S, Kim Y, Kim YC, Ahn C, et al. Early onset
hyperuricemia is a prognostic marker for kidney graft failure: propensity score
matching analysis in a Korean multicenter cohort. PLoS ONE. (2017) 12:e0176786.
doi: 10.1371/journal.pone.0176786

20. Tanaka K, Hara S, Kushiyama A, Ubara Y, Yoshida Y, Mizuiri S, et al.
Risk of macrovascular disease stratified by stage of chronic kidney disease in
type 2 diabetic patients: critical level of the estimated glomerular filtration rate
and the significance of hyperuricemia. Clin Exp Nephrol. (2011) 15:391–97.
doi: 10.1007/s10157-011-0420-6

21. Tanaka K, Hara S, Hattori M, Sakai K, Onishi Y, Yoshida Y, et al. Role of
elevated serum uric acid levels at the onset of overt nephropathy in the risk for
renal function decline in patients with type 2 diabetes. J Diabetes Investig. (2015)
6:98–104. doi: 10.1111/jdi.12243

22. Oba Y, Kabutoya T, Kohro T, Imai Y, Kario K, Sato H, et al. Relationships
among heart rate, β-blocker dosage, and prognosis in patients with coronary artery
disease in a real-world database using a multimodal data acquisition system. Circ J.
(2022). doi: 10.1253/circj.CJ-22-0314. [Epub ahead of print].

23. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised
equations for estimated GFR from serum creatinine in Japan. Am J Kidney Dis.
(2009) 53:982–92. doi: 10.1053/j.ajkd.2008.12.034

24. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM,
et al. 2022 AHA/ACC/HFSA guideline for the management of heart failure: a
report of the American college of cardiology/American heart association joint
committee on clinical practice guidelines. J Am Coll Cardiol. (2022) 79:e263–421.
doi: 10.1016/j.jacc.2021.12.012

25. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm
M, et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and

Frontiers inCardiovascularMedicine 11 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1062894
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1062894/full#supplementary-material
https://doi.org/10.1001/jama.283.18.2404
https://doi.org/10.1161/01.STR.0000221716.55088.d4
https://doi.org/10.1016/j.atherosclerosis.2018.01.017
https://doi.org/10.1016/j.amjcard.2021.05.007
https://doi.org/10.1371/journal.pone.0114259
https://doi.org/10.1371/journal.pone.0056864
https://doi.org/10.1007/s40620-020-00702-7
https://doi.org/10.1053/j.ajkd.2017.12.009
https://doi.org/10.1253/circj.CJ-08-0828
https://doi.org/10.1515/cclm-2015-0523
https://doi.org/10.7326/0003-4819-131-1-199907060-00003
https://doi.org/10.1016/S1047-2797(99)00037-X
https://doi.org/10.1159/000443769
https://doi.org/10.3414/ME10-01-0015
https://doi.org/10.1536/ihj.18-113
https://doi.org/10.3233/SHTI190500
https://doi.org/10.1038/s41598-020-64123-z
https://doi.org/10.1620/tjem.209.149
https://doi.org/10.1371/journal.pone.0176786
https://doi.org/10.1007/s10157-011-0420-6
https://doi.org/10.1111/jdi.12243
https://doi.org/10.1253/circj.CJ-22-0314
https://doi.org/10.1053/j.ajkd.2008.12.034
https://doi.org/10.1016/j.jacc.2021.12.012
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Akashi et al. 10.3389/fcvm.2022.1062894

chronic heart failure. Eur Heart J. (2021) 42:3599–726. doi: 10.1093/eurheartj/eh
ab368

26. Barbieri L, Verdoia M, Schaffer A, Marino P, Suryapranata H, De Luca
G. Impact of sex on uric acid levels and its relationship with the extent of
coronary artery disease: a single-centre study. Atherosclerosis. (2015) 241:241–8.
doi: 10.1016/j.atherosclerosis.2015.03.030

27. Lin GM, Li YH, Zheng NC, Lai CP, Lin CL, Wang JH, et al. Serum
uric acid as an independent predictor of mortality in high-risk patients
with obstructive coronary artery disease: a prospective observational cohort
study from the ET-CHD registry, 1997–2003. J Cardiol. (2013) 61:122–7.
doi: 10.1016/j.jjcc.2012.09.004

28. Chen C, Dong J, Lv Q, Liu X, Zhang Q, Du X. Effect of
asymptomatic hyperuricemia on mortality of elderly patients after elective
percutaneous coronary intervention. Front Cardiovasc Med. (2022) 9:800414.
doi: 10.3389/fcvm.2022.800414

29. Zhang C, Jiang L, Xu L, Tian J, Liu J, Zhao X, et al. Implications of
hyperuricemia in severe coronary artery disease. Am J Cardiol. (2019) 123:558–64.
doi: 10.1016/j.amjcard.2018.11.027

30. De Luca L, Gulizia MM, Gabrielli D, Meessen J, Mattei L, D’Urbano M,
et al. Impact of serum uric acid levels on cardiovascular events and quality of
life in patients with chronic coronary syndromes: insights from a contemporary,
prospective, nationwide registry. Nutr Metab Cardiovasc Dis. (2022) 32:393–401.
doi: 10.1016/j.numecd.2021.09.034

31. Tsai TH, Chen YL, Chen SM, Yang CH, Fang CY, Hsieh YK, et al.
Uric Acid is not an independent predictor of cardiovascular death in patients
with angiographically proven coronary artery disease. Chang Gung Med J.
(2009) 32:605–13.

32. Feig DI, Kang DH, Johnson RJ. Uric acid and cardiovascular risk. N Engl J
Med. (2008) 359:1811–21. doi: 10.1056/NEJMra0800885

33. Wang H, Jacobs DR, Jr., Gaffo AL, Gross MD, Goff DC, Jr., Carr JJ.
Longitudinal association between serum urate and subclinical atherosclerosis: the
Coronary Artery Risk Development in Young Adults (CARDIA) study. J Intern
Med. (2013) 274:594–609. doi: 10.1111/joim.12120

34. Feuchtner GM, Plank F, Beyer C, Schwabl C, Held J, Bellmann-Weiler R,
et al. Monosodium urate crystal deposition in coronary artery plaque by 128-slice

dual-energy computed tomography: an ex vivo phantom and in vivo study. J
Comput Assist Tomogr. (2021) 45:856–62. doi: 10.1097/RCT.0000000000001222

35. HuangH, Huang B, Li Y, Huang Y, Li J, Yao H, et al. Uric acid and risk of heart
failure: a systematic review and meta-analysis. Eur J Heart Fail. (2014) 16:15–24.
doi: 10.1093/eurjhf/hft132

36. Eisen A, Benderly M, Goldbourt U, Haim M. Is serum uric acid level
an independent predictor of heart failure among patients with coronary artery
disease? Clin Cardiol. (2013) 36:110–6. doi: 10.1002/clc.22083

37. Lim SS, Yang YL, Chen SC,WuCH, Huang SS, ChanWL, et al. Association of
variability in uric acid and future clinical outcomes of patient with coronary artery
disease undergoing percutaneous coronary intervention. Atherosclerosis. (2020)
297:40–6. doi: 10.1016/j.atherosclerosis.2020.01.025

38. Hare JM, Johnson RJ. Uric acid predicts clinical outcomes in
heart failure: insights regarding the role of xanthine oxidase and
uric acid in disease pathophysiology. Circulation. (2003) 107:1951–3.
doi: 10.1161/01.CIR.0000066420.36123.35

39. Saito Y, Tanaka A, Node K, Kobayashi Y. Uric acid and cardiovascular disease:
a clinical review. J Cardiol. (2021) 78:51–7. doi: 10.1016/j.jjcc.2020.12.013

40. Li Q, Li X, Wang J, Liu H, Kwong JS, Chen H, et al. Diagnosis
and treatment for hyperuricemia and gout: a systematic review of clinical
practice guidelines and consensus statements. BMJ Open. (2019) 9:e026677.
doi: 10.1136/bmjopen-2018-026677

41. Hare JM, Mangal B, Brown J, Fisher C, Jr., Freudenberger R, Colucci
WS, et al. Impact of oxypurinol in patients with symptomatic heart failure.
Results of the OPT-CHF study. J Am Coll Cardiol. (2008) 51:2301–9.
doi: 10.1016/j.jacc.2008.01.068

42. Givertz MM, Anstrom KJ, Redfield MM, Deswal A, Haddad H,
Butler J, et al. Effects of xanthine oxidase inhibition in hyperuricemic
heart failure patients: the xanthine oxidase inhibition for hyperuricemic
heart failure patients (EXACT-HF) Study. Circulation. (2015) 131:1763–71.
doi: 10.1161/CIRCULATIONAHA.114.014536

43. Wood FO, Saylors EK, Schneider JE, Jobe RL, Mann JT III. Unprotected
left main disease managed with drug-eluting stents: long-term outcome of 100
patients with increased surgical risk. Catheter Cardiovasc Interv. (2008) 71:533–8.
doi: 10.1002/ccd.21447

Frontiers inCardiovascularMedicine 12 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1062894
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1016/j.atherosclerosis.2015.03.030
https://doi.org/10.1016/j.jjcc.2012.09.004
https://doi.org/10.3389/fcvm.2022.800414
https://doi.org/10.1016/j.amjcard.2018.11.027
https://doi.org/10.1016/j.numecd.2021.09.034
https://doi.org/10.1056/NEJMra0800885
https://doi.org/10.1111/joim.12120
https://doi.org/10.1097/RCT.0000000000001222
https://doi.org/10.1093/eurjhf/hft132
https://doi.org/10.1002/clc.22083
https://doi.org/10.1016/j.atherosclerosis.2020.01.025
https://doi.org/10.1161/01.CIR.0000066420.36123.35
https://doi.org/10.1016/j.jjcc.2020.12.013
https://doi.org/10.1136/bmjopen-2018-026677
https://doi.org/10.1016/j.jacc.2008.01.068
https://doi.org/10.1161/CIRCULATIONAHA.114.014536
https://doi.org/10.1002/ccd.21447
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	Hyperuricemia predicts increased cardiovascular events in patients with chronic coronary syndrome after percutaneous coronary intervention: A nationwide cohort study from Japan
	1. Introduction
	2. Materials and methods
	2.1. Clinical Deep Data Accumulation System (CLIDAS)
	2.2. Study design and population
	2.3. Definitions
	2.4. Statistical analysis

	3. Results
	4. Discussion
	4.1. Limitations

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


