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Abstract Background and aims: Serum uric acid (SUA) may play a role in heart failure (HF). Our
study was to ﬁnd relationships between SUA and the prevalence of HF due to acute coronary syndrome (ACS), and the ethnic-speciﬁc relationship between them in an inpatient population.
Methods and results: We analyzed 1075 Chinese ACS patients. SUA levels were cut to four groups
as Q1 to Q4, according to quartiles. Binary logistic regression models were used to assess associations of SUA with HF due to ACS. Subgroup analysis was performed to ﬁnd ethnic-speciﬁc association between SUA and HF due to ACS. We also performed univariate and multivariate
logistic regression analyses taking into account an Italian’s cut-off for SUA for HF prognosis stratiﬁcation. After adjustment for all potential confounders, compared to the lowest quartile, quartiles 2, 3 and 4 had a prevalence OR of 0.69 (0.44e1.08), 1.06 (0.67e1.67) and 2.19 (1.35e3.56),
respectively, for the HF due to ACS (p for trend <0.001). Subgroup analyses didn’t reveal an
ethnic-speciﬁc differences between SUA and HF due to ACS. In Han, the highest SUA level was
signiﬁcantly associated with the risk of HF due to ACS. OR with 95%CI for Q4 was 1.85 (1.02
e3.37), Q1 as a reference. For Mongolians, the OR with 95%CI for Q4 was 6.82 (1.90e24.50),
Q1 as a reference.
Conclusion: We found positive associations between SUA and the prevalence of HF due to ACS
among Chinese patients. No differences exist regarding ethnicity.
ª 2022 The Author(s). Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the
Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the
Department of Clinical Medicine and Surgery, Federico II University. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Heart failure (HF) is a clinical syndrome with different
aetiologies and pathophysiology rather than a speciﬁc

disease. Deﬁnitions of HF comprise three key elements:
evidence of structural heart disease, a history of symptoms
that are commonly reported in HF and objective signs
commonly seen in HF [1]. It is characterized by symptoms
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(eg, dyspnea, swollen ankles, and fatigue) and signs (eg,
peripheral edema, elevated jugular venous pressure, and
pulmonary crackles) caused by structural or functional
cardiac abnormalities [2]. HF is the end stage of most
cardiovascular diseases. It is a cause of high morbidity and
mortality worldwide. In addition, ischemic heart disease is
thought to be the most important risk factor for HF [3].
Serum uric acid (SUA) may play a signiﬁcant role in HF
[4]. However, the mechanism and prognosis of
hyperuricemia-induced heart failure remain unclear.
Inﬂammation and oxidative stress plays critical roles in the
development and progression of HF. High uric acid stimulates reactive oxygen species production and induces
insulin resistance in cardiomyocytes [5]. Insulin resistance
can inhibit the normal metabolism of myocardial glucose
and fatty acids, leading to the disturbance of myocardial
energy metabolism, thereby affecting the diastolic and
systolic function of the myocardium [6]. High uric acid also
inhibits cardiomyocytes viability through the ERK/P38
pathway via oxidative stress [7].
A few studies have evaluated the relationship between
SUA and the risk and adverse outcome of HF. The results
indicate that the increase of SUA may be an important risk
factor for the incidence and prognosis of HF [8,9]. However, there are few studies on the relationship between
SUA and HF due to acute coronary syndrome (ACS). Role of
SUA in HF due to ACS was not completely elucidated. Thus,
this study was designed to assess the association of SUA
levels with HF due to ACS in hospitalized patients. And
study whether there are differences between different
ethnic groups.
2. Methods
2.1. Study design and population
The study is a hospital-based observational study which aims
to investigate the relationship between SUA and the severity
of heart failure due to ACS. From June 1st to December 31st,
2021, a total of 1284 subjects were enrolled from the coronary heart disease group of the Cardiology Department of
Hulunbuir People’s Hospital. All patients admitted to our
study are enrolled consecutively. Patients diagnosed with
arrhythmia, structural heart disease, myocarditis were
excluded from the study. Those with secondary hyperuricemia, such as blood disorders, malignancies, and other conditions with rapid cell turnovers were excluded from the
study [10]. Estimated glomerular ﬁltration rate
(eGFR) < 30 mL/min/1.73 m2 was also excluded. Ultimately, a
total of 1075 people were included in this study. Data clean
steps were presented in Fig.1. The study was approved by the
Ethics Committee of the Hulunbuir People’s Hospital. All
patients gave their informed consent for inclusion before
they participated in the study.
2.2. Measurement of indicators
At admission, well-trained physicians administered a
standardized and structured questionnaire to gather
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information on subjects’ demographic characteristics (age,
gender, body mass index [BMI], ethnic), vascular risk factors (smoking status, drinking status, hypertension, diabetes mellitus) and routine medical conditions such as
creatinine, lipid proﬁle, homocysteine, application of
diuretic. Smoking status was categorized as current
smoking or nonsmoking (including never smoke or exsmokers). Drinking was categorized as current drinking or
nondrinking (including never drink or ex-drinkers) [11].
EGFR was calculated with an equation adapted from the
Modiﬁcation of Diet in Renal Disease Study equation [12].
2.3. Assessment of SUA
SUA levels were determined at the Hulunbeir People’s
Hospital laboratory with enzymatic colorimetry by Cobas c
501 automatic biochemical analyzer, Roche Diagnostics
GmbH (Mannheim, Germany).
2.4. Assessment of heart function
Heart failure was diagnosed by well-trained physicians
following current guidelines [1]. Heart function assessment is combined with patient symptoms and signs, Nterminal pro-B-type natriuretic peptide (NT-proBNP), and
imaging studies such as echocardiography.
Symptoms and signs of heart failure are important.
Typical symptoms of heart failure include breathlessness,
orthopnoea, paroxysmal nocturnal dyspnea, reduced exercise tolerance, fatigue and tiredness, ankle swelling,
inability to exercise, swelling of parts of the body other
than ankles, bendopnoea. Less typical symptoms include
nocturnal cough, wheezing, bloated feeling, postprandial
satiety, loss of appetite, decline in cognitive function
(especially in the elderly), depression, dizziness and syncope. More speciﬁc signs of heart failure include elevated
jugular venous pressure, third heart sound, summation
gallop with third and fourth heart sounds, cardiomegaly,
laterally displaced apical impulse, hepatojugular reﬂux,
CheyneeStokes respiration in advanced heart failure. Less
speciﬁc signs include Peripheral edema (ankle, sacral,
scrotal), pulmonary rales, unintentional weight gain
(>2 kg/week), weight loss (in advanced heart failure) with
muscle wasting and cachexia, cardiac murmur, reduced air
entry and dullness to percussion at lung bases suggestive
of pleural effusion, tachycardia and irregular pulse,
tachypnea, hepatomegaly/ascites, cold extremities, oliguria, narrow pulse pressure [1].
NT-proBNP levels were determined at the Hulunbeir
People’s
Hospital
laboratory
with
electrochemiluminescence by Cobas e 602 immunoassay
analyzer, Roche Diagnostics GmbH (Mannheim, Germany).
NT-proBNP value of 450 pg/mL for ages <50 among patients requiring hospitalization. For ages 50e75 years, NTproBNP threshold value of 900 pg/mL; for ages >75 years,
NT-proBNP value of 1800 pg/mL provide reliable sensitivity and speciﬁcity for the diagnosis of HF [13].
An echocardiography was performed by a trained ultrasound doctor. Left ventricular ejection fraction (LVEF)
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Fig. 1 Describe the sample ﬂow chart for screening studies for statistical analysis.

were derived according to the modiﬁed biplane Simpson’s
rule. Volume measurements are usually based on tracings
of the blood-tissue interface in the apical four- and twochamber views. At the mitral valve level, the contour is
closed by connecting the two opposite sections of the
mitral ring with a straight line. Left ventricular (LV) length
is deﬁned as the distance between the middle of this line
and the most distant point of the LV contour. Ejection
fraction (EF) is calculated from end-diastolic volume (EDV)
and end-systolic volume (ESV) estimates, using the
following formula: EF Z (EDVeESV)/EDV [14]. The US Food
and Drug Administration and the Heart Failure Collaboratory and Academic Research Consortium have subclassiﬁed heart failure based on ejection fraction: (i) Heart
failure with reduced ejection fraction (HFrEF): HF with
LVEF  40%; (ii) Heart failure with preserved ejection
fraction (HFpEF): HF with LVEF  50%; (iii) Heart failure
with mildly reduced ejection fraction (HFmrEF): HF with
LVEF > 40% and LVEF <50% [1].
2.5. Statistical analysis
All statistical analyses were performed using IBM SPSS
version 26.0 software for Windows (SPSS Inc., Chicago, IL,
USA). All patients were classiﬁed according to the quartiles of
SUA. Baseline characteristics were compared across the SUA
quartiles of the total patients. For continuous variables, ﬁrst
perform a normality test. Since the sample size is greater
than 50, the Kolmogorov-Smirnov test is used. One-way
ANOVA for comparing normally distributed variables.
Whereas Kruskal-Wallis test was employed to compare nonnormally distributed variables. And categorical variables
were compared with chi-square (c2 trend) tests. Values are
expressed as means  standard deviation, median (interquartile range) or counts (percentages), respectively.
Binary logistic regression models were constructed to
examine the associations between SUA levels (in quartiles)
with the prevalence of heart failure after adjusting for
potential confounders. We started with a parsimonious
model (i.e., model 1) adjusted only for age, sex, hypertension, and diabetes, which are signiﬁcant risk factors of
heart failure [15]. In model 2, we further adjusted for
smoking and drinking because of their potential impacts
on SUA level and heart failure. To make sure that our

results were not biased by residual confounding from
measured covariates, we also constructed model 3 that
adjusted for all measured potential confounders, including
age, sex, BMI, smoking status, drinking status, hypertension, diabetes, triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C) and eGFR.
Trend test was performed to examine whether there
was a dose-response relationship between SUA quartiles
and heart failure due to ACS. To examine the consistency of
the observed association between SUA and HF, we performed subgroup analyses of participants according to
ethnic in different populations. A probability value <0.05
(2-sided) was judged to be signiﬁcant.
While continuous or quartiles analysis avoids the loss of
information determined by dichotomization, in the clinic
is needed to deﬁne patients as hyperuricemic or normouricemics. In particular recent data from an Italian very
big study found a speciﬁc cut-off for UA for HF prognosis
stratiﬁcation [16]. We performed the univariate and
multivariate logistic regression analyses taking into account this cut-off.
3. Results
3.1. Baseline characteristics by SUA quartiles
The characteristics of study participants are shown in Table
1. Of 1075 subjects (768 Han, 195 Mongolian and 112 other
ethnic groups), the median age was 63 years (range: 21e98
years). The median SUA level was 341 mmol/L. Total population SUA quartile (Q1eQ4) were 284.00, 284.01e341.00,
341.01e418.00, >418.01 mmol/L, respectively. Heart failure
was detected in 304 (28.3%) subjects, with the prevalence of
heart failure in SUA Quartile 1 through 4 as 23.1%, 18.5%,
26.7% and 44.9%, respectively. Signiﬁcant differences among
SUA quartiles were in age, sex, BMI, drinking status, TG,
HDL-C, creatinine, eGFR and LVEF.
3.2. Associations between the SUA levels and heart failure
due to ACS
Table 2 shows the relationship between SUA quartiles and
heart failure due to ACS estimated with logistic regression
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Table 1 Demographic and clinical characteristics by SUA quartiles. Values are expressed as the median (interquartile range) or counts (percentages). SUA indicates serum uric acid; BMI, body mass index; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, lowdensity lipoprotein cholesterol; eGFR, estimated glomerular ﬁltration rate; LVEF, left ventricular ejection fraction.
Characteristics

serum uric acid (mmol/L)

p value

Q1 (55e284)

Q2 (284.01e341)

Q3 (341.01e418)

Q4 (418.01e950)

N (participants)
Age, y
Males, n (%)
BMI, kg/m2
Smoking status, n (%)
Drinking status, n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
TG, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
Creatinine, mmol/L
EGFR (ml/min/1.73 m2)
LVEF (%)
Heart failure, n (%)

273
65 (58e73.5)
116 (42.5)
24.4 (22.1e27.1)
68 (24.9)
54 (19.8)
191 (70.0)
94 (34.4)
1.29 (0.99e1.71)
1.04 (0.90e1.19)
2.39 (1.86e3.01)
60.4 (53.1e70.6)
102.9 (90.0e118.5)
63 (58e67)
63 (23.1)

265
64 (57e71)
129 (48.7)
25.4 (22.8e28.0)
77 (29.1)
60 (22.6)
188 (70.9)
83 (31.3)
1.40 (1.00e1.93)
1.02 (0.92e1.22)
2.41 (1.92e3.12)
66.0 (58.9e76.6)
96.0 (80.7e111.6)
63 (58e67)
49 (18.5)

270
62 (54e72)
176 (65.2)
25.9 (23.9e28.3)
83 (30.7)
93 (34.4)
208 (77.0)
82 (30.4)
1.44 (1.10e2.19)
0.97 (0.85e1.13)
2.53 (1.90e3.15)
72.4 (61.9e84.6)
92.1 (74.6e110.1)
62 (56e66)
72 (26.7)

267
61 (53e71)
204 (76.4)
25.8 (23.1e28.3)
81 (30.3)
103 (38.6)
200 (74.9)
71 (26.6)
1.53 (1.08e2.39)
0.98 (0.82e1.11)
2.44 (1.82e3.27)
86.4 (73.7e106.4)
79.2 (61.6e97.2)
60 (46e65)
120 (44.9)

models. When SUA was examined as continuous analysis, a
positive association between the SUA levels and heart
failure was observed (odds ratio [OR] Z 1.004, 95% conﬁdence interval [CI]: 1.003e1.006). Based on quartiles, SUA
levels were divided into four groups from Q1 to Q4. In the
ﬁrst three multivariable-adjusted models, positive associations between SUA levels and prevalence of HF due to ACS
remained signiﬁcant. After adjustment for all potential
confounders, compared to the lowest quartile, quartiles 2,
3 and 4 had a prevalence OR of 0.69 (0.44e1.08), 1.06
(0.67e1.67) and 2.19 (1.35e3.56), respectively, for the
presence of heart failure (p for trend <0.001). We subsequently performed a subgroup analysis by ethnicity: Han
and Mongolian. In ethnic-stratiﬁed analyses, SUA levels as
continuous analysis were signiﬁcantly associated with the
prevalence of heart failure among the Han (OR Z 1.005,
95% CI: 1.003e1.006). In contrast, there was also association in the Mongolian group (OR Z 1.005, 95% CI:
1.002e1.008), suggesting that higher SUA levels were not
only signiﬁcantly associated with an increased risk of heart
failure in Han, but also in Mongolians. Furthermore, a clear
doseeresponse relationship was observed between SUA

e
<0.001
<0.001
<0.001
0.419
<0.001
0.206
0.265
0.001
<0.001
0.456
<0.001
<0.001
<0.001
<0.001

levels and the presence of heart failure. We found that in
Han patients the Q4 of SUA levels were independent risk of
increasing incident heart failure after adjustment for age,
sex, BMI, smoking status, drinking status, hypertension,
diabetes, TG, HDL-C, LDL-C and eGFR compared with the
Q1 of SUA level. OR with 95%CI for Q4 was 1.85
(1.02e3.37), Q1 as a reference. The above conclusion is also
found in Mongolians. OR with 95%CI for Q4 was 6.82
(1.90e24.50), Q1 as a reference. The association between
SUA and heart failure was the same in Han and Mongolian.
3.3. Characteristics as normouricemics or hyperuricemic
Of the 1075 patients hospitalized with ACS, 304 had heart
failure. Among them, 142 patients had heart failure with
preserved ejection fraction. There were followed by 91
patients with heart failure with mildly reduced ejection
fraction. There were also 71 patients with heart failure
with reduced ejection fraction. Some recently published
results from an Italian multicenter, retrospective, observational cohort study (the URRAH study) gave new light
into the Cardio-Vascular cut-off issue leading to the

Table 2 OR and 95% CI between SUA levels and prevalence of heart failure. Data expressed by odds ratio (95% conﬁdence interval) and p value.
OR indicates odds ratio; CI, conﬁdence interval. (1) Adjusted for age, sex, hypertension, and diabetes. (2) Adjusted for age, sex, hypertension,
diabetes, smoking status and drinking status. (3) Adjusted for age, sex, BMI, smoking status, drinking status, hypertension, diabetes, TG, HDL-C,
LDL-C and eGFR.
serum uric acid (mmol/L)

Crude Model
Model 11
Model 22
Model 33

Quartile 1

Quartile 2

Quartile 3

Quartile 4

p for trend

1.00
1.00
1.00
1.00

0.76
0.85
0.85
0.69

1.21
1.48
1.51
1.06

2.72
3.87
4.05
2.19

<0.001
<0.001
<0.001
<0.001

(refer)
(refer)
(refer)
(refer)

(0.50e1.15)
(0.55e1.31)
(0.55e1.31)
(0.44e1.08)

(0.82e1.79)
(0.98e2.23)
(1.00e2.29)
(0.67e1.67)

(1.89e3.94)
(2.57e5.82)
(2.68e6.11)
(1.35e3.56)

Ethnic-stratiﬁed analyses
Han3
Mongolian3

1.00 (refer)
1.00 (refer)

0.67 (0.38e1.17)
1.12 (0.41e3.11)

0.99 (0.57e1.73)
1.63 (0.52e5.06)

1.85 (1.02e3.37)
6.82 (1.90e24.50)

0.007
0.006
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Table 3 Baseline characteristics deﬁned patients as normouricemics or hyperuricemic (>5.34 vs. 5.34 mg/dl).
Characteristics

Normouricemics
(n Z 423)

Hyperuricemic
(n Z 652)

p value

Age, y
Males, n (%)
BMI, kg/m2
Smoking status,
n (%)
Drinking status,
n (%)
Hypertension, n
(%)
Diabetes
mellitus, n (%)
TG, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
Creatinine,
mmol/L
EGFR (ml/min/
1.73 m2)
LVEF (%)
Heart failure, n
(%)

65 (58e72)
182 (43.0)
24.6 (22.3e27.3)
110 (26.0)

62 (54e71)
443 (67.9)
25.8 (23.4e28.3)
199 (30.5)

<0.001
<0.001
0.30
0.110

90 (21.3)

220 (33.7)

<0.001

298 (70.4)

489 (75.0)

0.100

141 (33.3)

189 (29.0)

0.131

1.30
1.04
2.39
62.0

1.50
0.98
2.47
77.2

<0.001
<0.001
0.321
<0.001

(0.99e1.80)
(0.90e1.04)
(1.86e3.08)
(54.0e72.3)

(1.10e2.21)
(0.85e1.13)
(1.85e3.18)
(65.7e92.1)

100.9 (87.4e115.8) 87.1 (69.8e105.2) <0.001
63 (58e67)
89 (21.0)

61 (54e66)
215 (33.0)

<0.001
<0.001

deﬁnition of a threshold of 5.34 mg/dl (317.6492 mmol/L)
as the best one for all [16]. Referring to the URRAH study,
625 out of 1075 patients have hyperuricemia. The signiﬁcant differences between normouricemics and Hyperuricemic were in age, sex, BMI, drinking status, TG, HDL-C,
creatinine, eGFR, LVEF and number of patients with HF
(Table 3).
SUA as a dichotomic variable parameter was used as
independent variable in univariate logistic regression analyses having all heart failure as dependent variables, and
age, sex, BMI, smoking status, drinking status, hypertension, diabetes, TG, HDL-C, LDL-C and eGFR as possible
confounders. 6 variables that provided signiﬁcant in the
univariate analyses were chosen as independent variable
included in the multivariate logistic regression analysis.
The variable selection process yielded 4 variables that
closely related to HF due to ACS. Of the 4 variables: levels

of SUA and age were risk factors, while TG and eGFR were
the protective factors. And OR with 95% CI were produced
(Table 4).
4. Discussion
In this large hospital-based population, we examined the
relationship between SUA levels and heart failure due to
ACS in Hulunbuir hospitalized patients. A positive correlation between SUA levels and heart failure due to ACS was
observed when divided by SUA level quartiles. Stratiﬁed by
ethnicity, we found that elevated levels of SUA were
associated with the incidence of heart failure due to ACS in
Han Chinese and also in Mongolian.
Many scholars have conducted research on uric acid and
heart failure. Multiple large population studies show that
SUA is an independent predictor of mortality in acute and
chronic HF [17]. Pavlusova et al. [18] reported in acute heart
failure hyperuricemia is common in reduced versus preserved ejection fraction heart failure. Eswar Krishnan [19]
found that hyperuricemia is associated with greater incidence of heart failure in the chronic setting. Jun Gu et al.
[20] indicated that hyperuricemia is associated with detrimental effects in terms of the incidence of new-onset heart
failure with preserved ejection fraction in hypertensive
patient in China. However, domestic scholars in China have
found an U-shaped causal relationship between SUA levels
and hypertensive heart failure when studying hypertensive
heart failure. It means both low and high uric acid levels
were predictive of hypertensive heart failure [21].
Recently a study [22] found acute values of uric acid to
be related to heart failure at presentation and heart failure
related complications during hospitalization for ACS. More
in details higher UA increased the odds of acute HF,
cardiogenic shock and noninvasive ventilation use. Moreover for each increment of one unit in UA, left ventricular
ejection fraction decreased of about 1%. Due to the crosssectional nature of this study, no deﬁnite answer on the
direction of this relationship can be drawn and further
longitudinal study on UA changes over time during an ACS
hospitalization is needed.

Table 4 Univariate and multivariate logistic regression analyses in heart failure due acute coronary syndrome using serum uric acid as a
dichotomic variable (>5.34 vs. 5.34 mg/dl).
variables

SUA (1 Z >5.34 mg/dl,
0 Z  5.34 mg/dl)
Age, y
Males, n (%)
BMI, kg/m2
Smoking status, n (%)
Drinking status, n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
TG, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
eGFR (ml/min/1.73 m2)

Univariate

Multivariate

OR (95% CI)

p value

OR (95% CI)

p value

1.846 (1.388e2.456)

<0.001

1.514 (1.086e2.110)

0.014

1.043
0.977
0.932
0.788
0.630
1.254
1.307
0.698
1.044
0.611
0.967

<0.001
0.863
<0.001
0.121
0.003
0.149
0.063
<0.001
0.580
0.085
<0.001

1.015
e
0.962
e
0.879
e
e
0.711
e
e
0.971

(1.001e1.029)

0.042

(0.924e1.003)

0.066

(0.619e1.248)

0.472

(0.601e0.840)

<0.001

(0.965e0.978)

<0.001

(1.031e1.056)
(0.746e1.278)
(0.899e0.967)
(0.583e1.065)
(0.462e0.858)
(0.922e1.706)
(0.986e1.734)
(0.597e0.817)
(0.895e1.218)
(0.348e1.071)
(0.960e0.973)
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The pathogenesis of HF in the hyperuricemic state may
have the following potential mechanisms. Increased levels
of SUA can directly (inﬂammasome) or indirectly (oxidative stress) promote inﬂammatory response and negatively
affect left ventricular function and the development of HF.
An increase in the level of inﬂammatory response has been
considered among the causes of left ventricular stiffness
leading to increased ﬁlling pressure and pulmonary
congestion [23].
Our analyses revealed a doseeresponse relationship
between SUA levels and prevalence of heart failure due to
ACS. Hyperuricemia has no consensus in its deﬁnition
which appears in the present literature. In some articles,
hyperuricemia is variably deﬁned as a SUA level greater
than either 6 or 7 mg/dl [24,25]. Our results showed that
SUA level, more than 418 mmol/L (7.027 mg/dl) of Quartile 4,
was associated with an increased prevalence of heart failure
after adjustment for confounding factors. According to researches, asymptomatic hyperuricemia is also an independent cardiovascular risk factor. Since no causal treatment
studies have been conducted to date, urate-lowering therapy is not currently recommended in this setting [26].
There are a large number of ethnic minorities living in
Hulunbuir, Inner Mongolia, such as Mongolian, Daur and
Ewenki, etc. There are currently articles showing the relationship between HF and ethnic [27,28], SUA levels and
ethnic [29], but there are no studies linking the three in
China. In our study, since the number of other ethnic groups
was obviously lower than that of Han and Mongolian hospitalization, the stratiﬁed analysis was not included.
Therefore, the total population, Han and Mongolian ethnic
groups were analyzed separately. But no clear differences
between ethnic groups were drawn. The reasons may be
the development of urbanization, the integration of ethnic
groups and the uniﬁcation of eating and living habits.
Our research still presents several limitations. First, this
is a retrospective cross-sectional study rather than an
interventional study, so the causal relationship between
SUA and HF due to ACS may not be demonstrated. Second,
serum uric acid is affected by drugs and diet. However,
patients often turn to township clinics to use diuretics in
the early stages of the disease. If treatment of heart failure
affects uric acid levels, our results would be biased by residual confounding. In fact, diuretics’ use is increased in
heart failure and is associated with uric acid elevation [30].
Third, although the study participants included several
ethnic groups in China, our results may not be generalizable to other populations. Fourth, this study was conducted in hospitalized patients rather than focusing on a
community-based population. Fifth, we did not study patients with chronic coronary syndromes (CCS). However,
also in CCS patients some recent paper found an important
relationship with uric acid [31].
5. Conclusions
We found positive associations between SUA levels and
the prevalence of heart failure due to ACS among Chinese
patients after adjustment for age, sex, BMI, smoking status,
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drinking status, hypertension, diabetes mellitus, TG, HDLC, LDL-C and eGFR. No differences exist regarding
ethnicity. SUA levels were found to be at increased risk of
heart failure due to ACS in subjects with greater than
418 mmol/L. This result suggests that elevated SUA may
have a pathophysiologic role in the formation of heart
failure due to ACS in Chinese patients.
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