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Purpose: The association of serum uric acid (SUA) levels with cardiovascular outcomes in
patients with coronary artery disease (CAD) has been extensively studied and yielded conflicting
results. We aimed to investigate whether the severity of coronary stenosis and ischemia influ
ences the prognostic impact of SUA levels in patients with CAD undergoing D-SPECT.
Patients and Methods: This study consecutively included patients who were admitted for
CAD in Shanghai Tenth People’s Hospital between June 2014 and August 2018, had
complete SUA data and underwent both coronary angiography and D-SPECT within 3
months. Hyperuricemia was defined as an SUA level of >7 mg/dL in men and >6 mg/dL
in women. The primary outcome was major adverse cardiovascular events (MACE), defined
as a composite of cardiac death, unplanned coronary revascularization, nonfatal myocardial
infarction, ischemic stroke, heart failure, and angina-related hospitalization.
Results: A total of 695 patients were included, of whom 432 (62.2%) presented with
obstructive CAD and 117 (16.8%) had hyperuricemia. During a median follow-up of 26
months, the incidence rates of MACE in patients with hyperuricemia and normouricemia
were 15.2% and 21.1%, respectively. After a multivariable adjustment, hyperuricemia was
significantly associated with an increased risk of MACE (HR: 1.39, 95% CI: 1.03–1.87, p =
0.033) when compared with normouricemia. When repeating the primary analysis in patients
with and without obstructive CAD, we showed that hyperuricemia was independently
associated with an 80% increased risk of MACE among patients with nonobstructive CAD
(HR: 1.80, 95% CI: 1.04–3.11, p = 0.035), while such a significant association was not found
among those with obstructive CAD (HR: 1.18, 95% CI: 0.82–1.72, p = 0.373). Moreover, we
uncovered a U-shaped and linear trajectory of SUA levels with MACE in the obstructive and
nonobstructive CAD, respectively. The sex-specific analysis showed that the adverse impact
of hyperuricemia was only pronounced in males (HR: 1.73, 95% CI: 1.18–2.53, p = 0.005)
but not in females (HR: 0.98, 95% CI: 0.57–1.66, p = 0.933).
Conclusion: Hyperuricemia is significantly associated with increased risk of MACE in the
nonobstructive CAD rather than in the obstructive CAD.
Keywords: coronary artery disease, serum uric acid, D-SPECT, nonobstructive, outcomes

Introduction
Coronary artery disease (CAD) remains one of the leading causes of cardiovascular
morbidity and mortality worldwide. Despite the identification of modifiable risk factors
and the development of risk prediction models that enable recognition of individuals at
greater risk of future events, CAD risk evaluation still lacks accuracy in daily clinical
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practice.1,2 In this regard, investigating novel risk factors is
of great clinical importance in improving CAD risk predic
tion, thus leading to better patient care.
Uric acid is the metabolic end product of purine meta
bolism in humans, which is under the control of the
enzyme xanthine oxidase.3 Although a wealth of research
has reported that greater serum uric acid (SUA) levels are
associated with poorer survival in patients with CAD,4–7
several recent studies have failed to establish such an
association.8,9 Apart from the differences in study design,
clinical backgrounds, adjustment of confounders, length of
follow-up, etc., the severity of CAD itself may also be
responsible for these conflicting results. However, so far,
data regarding the interaction effects of SUA levels with
CAD severity are still limited.
Invasive coronary angiography is an important imaging
examination for the assessment of coronary stenosis sever
ity. Due to the lack of pathophysiological data on myocar
dial ischemia, its usefulness in the functional assessment
of stenosis is hampered. As the technological advancement
in noninvasive myocardial perfusion imaging (MPI) with
single-photon emission computed tomography (SPECT),
current guidelines have recommended its application in
the suspected CAD population for ischemia evaluation.10
More recently, a cardiac SPECT system equipped with
cadmium-zinc-telluride (CZT) detectors (D-SPECT),
which provides a higher speed and resolution than the
traditional NaI scintillation detectors, has been introduced
into clinical practice.11 Our previous study has validated
that the impaired myocardial ischemia detected by
D-SPECT MPI was significantly associated with adverse
cardiovascular events.12 Additionally, D-SPECT MPI also
offers a novel opportunity to explore the prognostic
impacts of SUA in patients with CAD stratified by the
severity of ischemia. Accordingly, in the present analysis,
we aimed to investigate the clinical implications of SUA
in a cohort of CAD subjects stratified by stenosis severity
who had undergone both coronary angiography and
D-SPECT MPI.

Patients and Methods
Study Population
The electronic medical records of all consecutive patients
who were admitted for suspected CAD at Shanghai Tenth
People’s Hospital between June 2014 and August 2018
were screened for eligibility. We only included individuals
who were over 18 years old and underwent both invasive
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coronary angiography and stress-rest MPI within 3
months. Patients with missing data on SUA were excluded
(as shown in Online Figure 1). The suspected CAD was
considered according to symptoms and/or signs of myo
cardial ischemia, ECG presentation, and clinical risk pro
files. Our study was performed following the Declaration
of Helsinki, and the protocol had been approved by the
ethics committee of the Shanghai Tenth People’s Hospital.
Informed consent was waived as patients’ information was
retrieved anonymously.

D-SPECT Examination
Details with respect to the acquisition and analysis of
D-SPECT had been previously described.12 In brief, the
MPI was acquired using a D-SPECT cardiac scanner
(Spectrum Dynamics, Biosensors, Israel), and a singleday rest/stress protocol with the use of 99mTc-sestamibi
(99mTc-MIBI) was applied. The rest of the testing was
performed approximately 1 hour after the administration
of 99mTc-MIBI (3 MBq·kg−1), and the stress testing was
performed using intravenous injection of ATP
(140μg·kg−1·min−1). The stress and rest D-SPECT images
were evaluated visually using the 17-segment model of the
left ventricle and a five-point scale.13 Hence, myocardial
ischemic and functional parameters, such as summed
stress score (SSS), summed rest score (SRS), summed
difference score (SDS), stress total perfusion defects
(TPD), stress and rest LVEF, as well as transient ischemic
dilation (TID), could be adequately calculated (Definitions
are shown in Online Table 1). Myocardial ischemia was
considered as with an SDS of ≥2.14 All D-SPECT images
were independently reviewed and analyzed by two experi
enced nuclear cardiologists.

Data Collection
The main exposure was the baseline SUA collected after a
12-h fast. Hyperuricemia was defined as an SUA level of
>7 mg/dL in men and > 6 mg/dL in women.15 Each
epicardial coronary artery with a > 2.0 mm diameter
examined by coronary angiography was analyzed for the
presence of coronary stenosis and was quantified into 2
groups: nonobstructive (0~50% stenosis) and obstructive
(≥50% stenosis). A detailed review of medical records was
performed to collect information on demographics, medi
cal history, admission presentation, laboratory indices,
D-SPECT characteristics, and medication usage. Detailed
definitions of baseline characteristics are presented in
Online Table 1.
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Outcomes and Follow-Up
The primary outcome was a major adverse cardiovascular
event (MACE) that was defined as a composite of cardiac
death, unplanned coronary revascularization, nonfatal
myocardial infarction, ischemic stroke, heart failure, and
angina-related hospitalization. All deaths without a defi
nite non-cardiac cause would be treated as cardiac deaths.
Ischemic stroke was defined as the presence of a new focal
neurologic deficit considered to be ischemic in origin, with
symptoms or signs lasting over 24 hours. Myocardial
infarction cases were confirmed if they had: (1) elevated
troponin level higher than twice the upper limit of normal
and (2) either ischemia-related symptoms and/or typical
ECG changes. Heart failure was diagnosed according to
symptoms including dyspnea and fatigue, and signs of
pulmonary or peripheral edema that required intravenous
diuretic treatment. Patients were followed from the date of
index D-SPECT examination to the date of the presence of
an outcome of interest, death, or last follow-up (July
2020), whichever occurred first. Follow-up information
was collected either by a comprehensive review of indivi
duals’ medical records or by telephone interview.

Statistical Analysis
Categorical variables were presented as n (%) and were
compared using the chi-square test or Fisher’s exact test.
Continuous variables were presented as median (interquar
tile [IQR]) or mean±SD and were compared using the
Student’s t-test or the Mann−Whitney U-test, as appropri
ate. All p values were two-sided, and the significance level
was set at 0.05. All analyses were performed using Stata
14.0 (StataCorp, College Station, TX, USA).
In the long-term survival analysis, the incidence rate
was estimated as the number of patients occurring in an
outcome of interest divided by person-years at risk. Crude
cumulative event curves were illustrated using the
Kaplan–Meier method and compared with Log rank tests.
Cox proportional hazards regression models were con
structed to explore the impact of SUA levels on subse
quent outcomes, in which we adjusted for: (i) the HEART
score, a well-validated and calibrated algorithm for the
total cardiovascular risk estimate;16 (ii) age, gender, cur
rent smoker, hypertension, diabetes, dyslipidemia, stroke,
congestive heart failure, creatinine, left ventricular ejection
fraction (LVEF), and medication at discharge (aspirin,
statin, ACEI/ARB, β-blocker, and diuretic) as a fully
adjusted model. The proportional hazards assumption
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was validated by examining graphs of estimated log(-log)
curves. Given only 4 (0.6%) and 27 (3.9%) missing values
in the creatinine and LVEF, respectively; we used the
median value of each variable to impute the aforemen
tioned missing data. To further investigate the nonlinear
association between SUA levels and MACE, restricted
cubic spline models were fitted for SUA with 3 knots
fixed at 10th, 50th, and 90th percentage of SUA levels.
The median value of SUA (5.6 mg/dL) was used as the
reference. Moreover, we conducted a propensity scorematching (PSM) analysis to evaluate the impact of hyper
uricemia on the primary outcome based on the propensity
scores calculated from baseline covariates (details were
presented in Online Methods).
We also performed several subgroup analyses accord
ing to the D-SPECT MPI characteristics including SSS (<4
vs ≥4) SDS (<2 vs ≥2), TPD (<2 vs ≥2), and abnormal
TID (Yes vs No). In our sensitivity analyses, we repeated
the main analyses in a non-missing dataset (N=664) and
patients without the use of urate-lowering agents (N=684),
accounting for its influence on the SUA concentration. To
explore the sex differences in the prognostic impact of
SUA among patients with CAD, we further performed a
sex-specific analysis by repeating the main analysis in men
and women, separately.

Results
Baseline Characteristics
Overall, a total of 695 patients were included in the pre
sent study, the mean age was 63.3±9.8 years, 56.4% were
men, and 117 (16.8%) patients presented with hyperurice
mia. Patients with hyperuricemia were younger, with a
higher BMI, serum creatinine, and lipid profiles, more
likely to have a history of hypertension and atrial fibrilla
tion and to be prescribed urate-lowering agents when
compared with those with normouricemia. MPI character
istics were similar between the 2 groups (Table 1). Of the
695 patients, 411 were diagnosed with myocardial ische
mia derived from D-SPECT. Baseline clinical characteris
tics of patients presenting with myocardial ischemia are
shown in Online Table 2.

Clinical Outcomes in the Whole Cohort
During a median follow-up of 26 (IQR, 21–33) months,
the incidence rates of MACE were higher in patients with
hyperuricemia compared with the normouricemia group
(15.2% and 21.1% per-year, respectively) (Figure 1A).
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Table 1 Baseline Characteristics of Study Cohort by Serum Uric Acid
All Patients (N=695)
Demography
Age

Hyperuricemia (N=177)

Normouricemia (N=518)

p-value

0.031

63.3±9.8

61.9±10.2

63.8±9.6

Male

392 (56.4)

103 (58.2)

289 (55.8)

0.578

Body mass index
Current smoker

24.9±3.1
163 (23.5)

26.0±3.2
42 (23.7)

24.5±3.0
121 (23.4)

<0.001
0.920

Family history of CAD

34 (4.9)

9 (5.1)

25 (4.8)

0.891

HEART Score

6 (4–7)

6 (3–7)

6 (4–7)

0.309

Medical history
Hypertension

424 (61.0)

121 (68.4)

303 (58.5)

0.020

Diabetes

171 (24.6)

42 (23.7)

129 (24.9)

0.754

Dyslipidemia
Prior stroke

106 (15.3)
107 (15.4)

30 (16.9)
23 (13.0)

76 (14.7)
84 (16.2)

0.467
0.305

Prior heart failure
Prior atrial fibrillation
Prior PCI
Admission presentation
Heart rate

15 (2.2)

7 (4.0)

8 (1.5)

0.057

44 (6.3)
284 (40.9)

19 (10.8)
65 (36.7)

25 (4.8)
219 (42.3)

0.005
0.194

76 (69–82)

78 (71–83)

76 (69–82)

0.088

Systolic BP

133 (119–147)

134 (122–149)

133 (118–147)

0.137

Diastolic BP
LVEF

77 (69–85)
63 (60–65)

79 (71–87)
62 (60–65)

76 (68–84)
63 (60–65)

0.004
0.002

Laboratory indices
CRP

3.02 (3.02–3.23)

3.02 (3.02–3.23)

3.02 (2.78–3.23)

0.363

Serum creatinine

72.0 (61.8–83.6)

75.1 (65.3–89.6)

70.9 (60.1–81.4)

<0.001

TC
LDL-c

3.79 (3.16–4.60)
2.05 (1.52–2.77)

4.22 (3.38–4.87)
2.24 (1.69–2.98)

3.69 (3.07–4.48)
2.01 (1.45–2.67)

<0.001
<0.001

Triglyceride

1.32 (0.97–1.95)

1.66 (1.10–2.33)

1.26 (0.95–1.78)

<0.001

5.2 (4.8–6.0)
5.6 (4.6–6.6)

5.3 (4.9–6.0)
7.5 (6.9–8.1)

5.2 (4.8–6.0)
5.1 (4.3–5.8)

0.340
<0.001

0.008 (0.005–0.014)

0.008 (0.006–0.014)

0.008 (0.006–0.014)

0.089

71.2 (36.6–168.7)

70.2 (33.4–181.9)

73.3 (37.1–162.5)

0.969

Summed stress score
Summed rest score

3 (1–4)
0 (0–1)

2 (0–4)
0 (0–1)

3 (1–4)
0 (0–1)

0.504
0.877

Summed difference score

2 (0–3)

2 (0–3)

2 (0–3)

0.168

Stress total perfusion defects
Location of defects

2 (1–5)

2 (1–5)

2 (1–5)

0.762
0.525

Fasting glucose
Serum uric acid
Peak TnT
Peak NT-pro BNP
D-SPECT characteristics

Apex
Anterior
Inferior or posterior

102 (12.0)

25 (17.5)

77 (18.8)

199 (23.5)
182 (21.5)

49 (34.3)
50 (35.0)

150 (36.7)
132 (32.3)

Septum

179 (21.1)

35 (24.5)

144 (35.2)

Lateral
Stress LVEF

185 (21.8)
65 (59–71)

45 (31.5)
65 (59–70)

140 (34.2)
65 (59–71)

0.336

Rest LVEF

67 (60–74)

66 (59–73)

67 (60–74)

0.240

1.08 (1.01–1.18)

1.07 (0.99–1.16)

1.08 (1.01–1.18)

0.145

Aspirin
P2Y12 receptor antagonist

431 (62.0)

103 (58.2)

328 (63.3)

0.225

383 (55.1)

95 (53.7)

288 (55.6)

0.656

Statin

586 (84.3)

150 (84.7)

436 (84.2)

0.856

Transient ischemic dilation
Medication at discharge

(Continued)
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Table 1 (Continued).
All Patients (N=695)

Hyperuricemia (N=177)

Normouricemia (N=518)

p-value

ACEI/ARB

304 (43.7)

85 (48.0)

219 (42.3)

0.183

β-blocker

322 (46.3)

85 (48.0)

237 (45.8)

0.601

CCB
Diuretic

275 (39.6)
73 (10.5)

75 (42.4)
22 (12.4)

200 (38.6)
51 (69.9)

0.377
0.333

11 (1.6)

7 (4.0)

4 (0.8)

0.003

Urate-lowering agent

Note: Values are presented as mean±SD, median (IQR), or n (%), as appropriate.
Abbreviations: ACEI/ARB, angiotensin-converting-enzyme inhibitors/angiotensin receptor blockers; BNP, brain natriuretic peptide; BP, blood pressure; CAD, coronary
artery disease; CCB, calcium channel blocker; CRP, C-reactive protein; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary
intervention; TC, total cholesterol; TnT, troponin T.

Treating the normouricemia as the reference, the HR and
95% CI was 1.46 (1.09–1.95) for hyperuricemia after
accounting for the HEART score; and 1.39 (1.03–1.87)
after full adjustment (Table 2). Baseline characteristics of

the PSM cohort were well-balanced (Online Figure 2). In
the matched cohort, hyperuricemia remained an indepen
dent risk factor of MACE after multivariable adjustment
(HR: 1.55, 95% CI: 1.06–2.27, p=0.025) (Figure 1B).

Figure 1 Long-term risk of MACE in the whole cohort (A) PSM cohort (B) obstructive CAD cohort (C) and nonobstructive CAD cohort (D) according to the SUA levels.
Abbreviations: CAD, coronary artery disease; MACE, major adverse cardiovascular events; PSM, propensity-score matching; SUA, serum uric acid.
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1.00
1.91 (1.14–3.20)
9.9 (7.3–13.5)
18.1 (12.0–27.2)
40/196
23/67
Normouricemia
Hyperuricemia

Nonobstructive CAD

Notes: aAdjustment for age, gender, current smoker, hypertension, diabetes, dyslipidemia, stroke, history of heart failure, creatinine, LVEF, and medication at discharge (aspirin, statin, ACEI/ARB, β-blocker, and diuretic).
Abbreviations: CAD, coronary artery disease; CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular events.

Reference
0.035
1.00
1.80 (1.04–3.11)
Reference
0.008
Reference
0.013

1.00
2.01 (1.20–3.37)

0.373

Reference
1.00

0.194

1.18 (0.82–1.72)

Reference
1.00

0.245
23.1 (17.1–31.1)

1.00
18.8 (15.6–22.6)

Hyperuricemia

43/110

DovePress

Normouricemia

111/322
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Obstructive CAD

21.1 (16.5–26.8)

1.23 (0.87–1.75)

Reference

1.26 (0.89–1.80)

0.033
0.011

Reference
1.00

1.39 (1.03–1.87)

Reference
1.00

0.018

15.2 (12.9–17.8)

66/177
Hyperuricemia

Whole cohort
Normouricemia

151/518

1.00

1.42 (1.06–1.89)

Reference

1.46 (1.09–1.95)

p value
HR (95% CI)
p value
HR (95% CI)
p value
HR (95% CI)
%/Year (95% CI)
MACE/Patients

Table 2 Risk of Cardiovascular Events by SUA Levels

Unadjusted

Heart Score-Adjusted

Fully Adjusteda

Clinical Outcomes in CAD Subtypes
To investigate the role of CAD severity in hyperuricemiarelated cardiovascular outcomes, patients were stratified
into obstructive and nonobstructive CAD. Of the 695
patients, 432 (62.2%) presented with obstructive CAD.
Baseline characteristics of the patients stratified by coron
ary stenosis severity are shown in Online Table 3. During
the follow-up period, a total of 154 (35.6%) and 63
(24.0%) MACE were recorded in patients with obstructive
and nonobstructive CAD, respectively (Figures 1C and D).
Hyperuricemia was significantly associated with increased
risk of MACE in the nonobstructive CAD group (HEART
score-adjusted HR: 2.01, 95% CI: 1.20–3.37, p=0.008;
fully adjusted HR: 1.80, 95% CI: 1.04–3.11, p=0.035)
instead of the obstructive CAD group (HEART scoreadjusted HR: 1.26, 95% CI: 0.89–1.80, p=0.194; fully
adjusted HR: 1.18, 95% CI: 0.82–1.72, p=0.373) (Table 2).

The Trajectory Between SUA Levels and
MACE
In multivariable-adjusted spline regression models, we
illustrated a similar U-shaped association between SUA
levels and MACE in the whole cohort (p for nonlinearity =
0.004) and obstructive CAD group (p for linearity =
0.007). However, for the nonobstructive CAD, a linear
association was found (p for linearity = 0.479) (Figures
2A–C). Hence, we introduced the SUA as a continuous
covariate into the multivariable Cox regression model and
showed that each 1 mg/dL increase of SUA was associated
with a nearly 25% elevated risk of MACE in the nonob
structive CAD (HR: 1.25, 95% CI: 1.04–1.50, p=0.016).
To evaluate whether the association of SUA with
MACE relied on individuals’ cardiovascular risk profiles,
we further stratified the whole cohort into low-risk, inter
mediate-risk, and high-risk subgroups based on the
HEART scores of 0~3, 4~6, and ≥7, respectively. The
linear trajectory between SUA levels and MACE gradually
evolved into a U-shaped as the HEART score increased
(Figures 2D–F).

Subgroup and Sensitivity Analysis
Further subgroup analyses for associations of hyperurice
mia with MACE were performed. The increased risk of
MACE associated with hyperuricemia was consistent with
all myocardial ischemia or dysfunction-related subgroups
that were detected by the D-SPECT MPI as a whole,
obstructive CAD, and nonobstructive CAD cohorts
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Figure 2 The trajectories of SUA levels with MACE in the whole cohort (A) obstructive CAD cohort (B) nonobstructive CAD cohort (C) and low-, intermediate-, and
high-risk cohorts stratified by HEART score (D–F) The solid line in each figure indicates the HR, and the dashed lines indicate the 95% CIs. The Orange reference line
indicates an HR of 1.00. The median value of SUA levels (5.6 mg/dL) was treated as the reference. Other abbreviations referred to Figure 1.
Abbreviations: CI, confidence interval; HR, hazard ratio.

(Figure 3). In addition, hyperuricemia remained an inde
pendent predictor of MACE in the whole cohort in an
analysis of patients without the use of urate-lowering
agents (HR: 1.36, 95% CI: 1.01–1.85, p=0.046). When
we repeated the main analysis in the non-missing dataset,
such a correlation still existed in the whole cohort (HR:
1.38, 95% CI: 1.02–1.87, p=0.037) but only marginally
significant in the nonobstructive cohort (HR: 1.70, 95%
CI: 0.97–2.98, p=0.062) (Online Table 4). In the whole
population, our sex-specific analysis demonstrated that the
detrimental impact of hyperuricemia was only pronounced
in males (HR: 1.73, 95% CI: 1.18–2.53, p=0.005) rather
than in females (HR: 0.98-0.57-1.66, p=0.933). Similar
findings were observed in patients with nonobstructive
CAD, whereas a neutral result was obtained in those
with obstructive CAD (Online Table 5).

Discussion
In this retrospective study of patients with suspected CAD
undergoing D-SPECT and coronary angiography, hyperur
icemia was significantly associated with a heightened risk
of MACE, which was mainly driven by the increased risk
in patients with nonobstructive CAD. This correlation
remained pronounced even after multivariable adjustment

Clinical Interventions in Aging 2021:16

or being analyzed in a PSM cohort. We uncovered a
U-shaped association between SUA levels and MACE in
the whole and obstructive CAD cohort, whereas a linear
association was observed in the nonobstructive CAD.
The association of SUA levels with clinical outcomes
has been extensively studied in various settings and yielded
conflicting results.17–20 In the Progetto Ipertensione Umbria
Monitoraggio Ambulatoriale (PIUMA) registry, SUA was
independently associated with adverse cardiovascular
events in patients with essential hypertension.21
Differently, in a large population-based observational
study with a median follow-up of nearly 6 years, Cheong
et al demonstrated that both men and women in the highest
quintile of SUA levels were not challenged by higher car
diovascular mortality when compared to the middle SUA
quintile after multivariable adjustment.9 More importantly,
in an umbrella review that summarized evidence from
observational studies, randomized controlled trials, and
Mendelian randomization studies, Li et al evaluated the
association of high SUA levels with increased CAD mor
tality as highly suggestive.22 A greater level of SUA has
also been demonstrated to predict poor prognosis in estab
lished cardiac disease.4,23,24 In the present analysis, we
found that hyperuricemia was independently associated
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Figure 3 Subgroup analyses based on MPI characteristics in the whole cohort (A) obstructive CAD cohort (B) and nonobstructive CAD cohort (C) The risks were
demonstrated as HRs and 95% CIs after adjustment for the HEART score.
Abbreviations: MPI, myocardial perfusion imaging; SDS, summed difference score; SRS, summed rest score; SSS, summed stress score; TID, transient ischemic dilation;
TPD, total perfusion defects.

with a 39% increased risk of MACE. The results from the
PSM analysis further supported this finding. Similarly, in a
meta-analysis with 29 prospective studies and a total of
958,410 participants being analyzed, Li et al showed hyper
uricemia was significantly associated with increased CAD
mortality. Moreover, each 1 mg/dL increment in SUA was
associated with an independent 13% increase in the risk of
CAD mortality. The underlying mechanisms by which high
SUA levels result in poor survival have been explained as
the uric acid is involved in multiple biological processes
(eg, oxidative stress, systemic inflammation, etc) that could
activate the inflammatory cascade reaction and renin-angio
tensin system, stimulate vascular smooth cell proliferation,
as well as reduce vascular nitric oxide activity,3 all of which
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have been identified as pivotal regulators during the devel
opment of CAD.
On the other hand, several other studies indicated that
hyperuricemia can only be treated as a bystander rather than a
casual contributor to CAD mortality. The possible explana
tions for such a conflicting result may be attributed to data
from different populations, adjustment for different covari
ates, or differences in the diagnostic criteria of hyperurice
mia. Strasak showed that in a cohort of 83,683 healthy
participants from Austria followed for a median of 13.6
years, the initially significant association between SUA
levels and CAD mortality completely disappeared after
adjusting for several demographic and laboratory parameters,
as well as the year of examination.25 However, in their study,
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individuals’ cardiac function and medication usage had not
been adjusted. In the Fremantle Diabetes Study, Ong G et al
showed that the SUA levels could not predict the risk of allcause and cardiovascular death, but only used data from
patients with type 2 diabetes.20
Although numerous preceding studies had investigated
the clinical implications of hyperuricemia in patients with
obstructive CAD or acute coronary syndrome,15,26 data were
limited on those with nonobstructive lesions. In our study, we
showed that hyperuricemia was significantly associated with
an 80% increased risk of MACE in patients with nonobstruc
tive CAD, while no association was observed in those with
obstructive CAD. To the best of our knowledge, this is the
first study that validates the detrimental impact of hyperur
icemia in nonobstructive CAD individuals. Another novel
finding was that we uncovered a U-shaped and a linear
association of SUA levels with MACE in the obstructive
and nonobstructive CAD individuals, respectively. To date,
studies concerning the trajectory pattern of the association of
SUA levels with cardiovascular events have yielded contro
versial results.21,27 Lai et al demonstrated a linear correlation
of SUA levels with the risk of incident CAD in the middleaged and elderly Chinese population.28 Virdis et al also
reported a linear association of SUA levels with all-cause
and cardiovascular mortality in 22,714 participants attending
hypertension clinics from the (Uric Acid Right for Heart
Health) URRAH project.29 Differently, in a prospective
observational study that recruited 4652 patients with chronic
heart failure from Japan, T. Fujihashi et al reported a
U-shaped relationship between SUA levels and all-cause
mortality.30 These disparities indicated the role of low SUA
levels varied in different settings, which underscored the
clinical importance of a tailored management strategy for
SUA levels.
The pathophysiological mechanisms of a low SUA
level contributing to the increased risk of cardiovascular
events remain unclear. A low SUA level has been pro
posed as a surrogate for malnourishment due to inadequate
protein and calorie intake, which has been recognized as a
risk factor for poor survival.27 In addition, low SUA levels
may indicate the impaired total antioxidant capacity
because uric acid could act as an antioxidant by decreasing
the availability of superoxide.3
Concerning the difference in the trajectories between
SUA levels and MACE among patients with and without
obstructive CAD, we assumed that clinical backgrounds
may be one of the possible explanations. Hypertension,
diabetes, dyslipidemia, and smoking habits have been
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associated with excessive production of reactive oxygen
species (ROS),31 and in our study, the prevalence of which
was significantly higher in patients with obstructive CAD
as compared to those with nonobstructive CAD. Given the
assumption that the beneficial impact of uric acid acting as
an antioxidant can be more pronounced in the obstructive
CAD group, but less pronounced in the nonobstructive
group, it is plausible that a low SUA level was associated
with a poor outcome in patients with obstructive CAD. In
line with our hypothesis, in an observational study includ
ing 231 patients with chronic coronary syndrome and
complete SUA data, Maloberti et al concluded that the
adverse impact of SUA may gradually be overshadowed
by other risk factors when coronary disease evolved to
more advanced stages.32 Qin et al reported that as the
increases in the quartiles of SUA, the prevalence of CVD
elevated only in those without metabolism syndrome (p for
trend <0.001), but not necessarily increased in those with
metabolism syndrome (p for trend = 0.217).33 Our
exploratory analysis where the whole cohort was stratified
by HEART score also corroborated this hypothesis, since
the protective value of uric acid gradually became evident
with the increases in the HEART score. Further prospec
tive studies were warranted to confirm our findings.
Previous studies have explored the sex-specific rela
tionship between hyperuricemia and the risk of cardiovas
cular outcomes.34 Fang et al found that the prognostic
influence of SUA levels was similar in both men and
women.35 Kamei et al reported in a community-based
population that hyperuricemia (SUA≥7.0mg/dl) was a sig
nificant risk factor of mortality in females (HRs and 95%
CIs for all-cause and cardiovascular mortality were 5.92
[2.10–14.60] and 10.70 [1.76–50.20], respectively) rather
than in males.36 By contrast, in a prospective study with
3926 elderly participants being analyzed, Winder et al
showed that a higher level of SUA (≥8mg/dl) was an
independent predictor of overall survival only in men
(OR: 1.78, 95% CI: 1.06–2.98) but not in women (odds
ratio [OR]: 1.30, 95% CI: 0.84–2.48).37 In our sex-specific
analysis, we also demonstrated that hyperuricemia was an
independent risk factor for MACE in males with CAD, but
not in females, which was particularly pronounced in those
with nonobstructive CAD. Although several potential
explanations including differences in the study population,
clinical settings, covariates used for multivariable adjust
ment, and the cutoff value of SUA for hyperuricemia
identification, as well as the protective effect of estrogen
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in women, have been proposed, the exact mechanisms for
such sex differences remain to be elucidated.
Several limitations should also be noted. First, this ana
lysis was a single-center, retrospective study focusing on
patients who had undergone D-SPECT MPI and coronary
angiography, which may preclude the extrapolation of our
findings to other settings. Second, despite the observed asso
ciation of SUA levels with cardiovascular outcomes after
adjustment for several potential confounders, as well as the
use of PSM analysis, the effects of unmeasured confounders
still cannot be eliminated. Third, we only analyzed a single
measurement of baseline SUA levels and did not consider
changes in SUA levels over the follow-up period. Fourth, due
to lack of data about individuals’ dietary habits, marital
status, and economic factors, we cannot evaluate their
impacts on patients’ clinical outcomes.

Conclusions
The present study demonstrated that a greater level of
SUA was significantly associated with an increased risk
of MACE in patients with nonobstructive CAD. The SUA
levels had a U-shaped and a linear prognostic impact in
patients with obstructive and nonobstructive CAD, respec
tively, which underlined the detrimental effects of low
SUA levels in the obstructive CAD population. In addi
tion, the adverse impact of hyperuricemia was more pro
nounced in males than in females. Our results suggested
that a tailored SUA management strategy should be con
sidered in the CAD population.
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