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Abstract

Background The role of Serum uric acid (SUA) in acute myocardial infarction (AMI) was controversial, which might
be influenced by the renal clearance function of the patients. The present study aimed to explore the association
between serum uric acid to serum creatinine ratio (SUA/Scr), reflecting a net production of SUA, and the in-hospital
outcomes of elderly patients with AMI.

Methods In this retrospective study, a total of 330 elderly AMI patients (> 75 years) were enrolled. Data of SUA and
Scron admission were collected to calculate SUA/Scr ratio. Logistic regression analysis and receiver-operating curves
were performed to assess the association between SUA/Scr ratio and in-hospital major adverse cardiovascular events
(MACEs) and all-cause death.

Results Among the 330 patients, 68 patients had MACEs and 44 patients died. Patients with MACEs or died had
lower SUA/Scr values compared with those without MACEs or survival (P<0.05). Univariate logistic analysis showed
that a lower value of SUA/Scr (< 3.45) was significantly associated with in-hospital MACEs (odd ratios (OR): 2.359, 95%
confidential interval (Cl): 1.369-4.065, P=0.002) and death (OR: 2.424, 95% Cl: 1.275-4.608, P=0.007). After correcting
for confounding factors, a lower SUA/Scr value was still independently associated with in-hospital MACEs (OR: 2.144,
95% Cl: 1.169-3.934, P=0.014) and death (OR: 2.125, 95% Cl: 1.050-4.302, P=0.036). Subgroup analysis showed that
the association between a lower SUA/Scr ratio and increased risk of in-hospital outcomes could observed only in
males (OR: 2.511, 95%Cl: 1.211-5.207, P=0.013 for MACEs; OR: 2.730, 95% Cl: 1.146-6.502, P=0.023 for death).

Conclusions A lower SUA/Scr ratio was associated with an increased risk of in-hospital adverse events in elderly
patients with AMI, especially in males, which maybe a marker of poor outcomes for elderly AMI patients.
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Introduction
Despite notable advancements in reperfusion and
revascularization strategies, as well as medicine ther-
apy have contributed to a significant reduction in mor-
tality rates after AMI in the past 10 years, AMI persists
as a significant global cause of mortality, particularly
among the elderly patients [1, 2]. It has been reported
that nearly 1/3 of patients have AMI on admission, 2/3
of those who die from MI are aged>75, and the mor-
bidity and mortality rates of AMI are higher in elderly
patients than in young adults [3, 4]. Therefore, it is of
great significance to find new markers for more precise
cardiovascular risk stratification in elderly patients
with AML

Serum uric acid (SUA) is the end-product of purine
metabolism, of which the serum level is determined
by its production and subsequent renal excretion [5].
It is not only an indicator of renal function but is also
related to many cardiovascular events, including AMI
[6, 7]. However, conclusions of the effects of SUA on
outcomes in elderly patients with AMI remain contro-
versial [8—11], which may be due to the fact that some
studies have overlooked the influence of renal func-
tion on SUA levels. Patients with poor renal function
may have high SUA levels due to reduced renal excre-
tion function of uric acid. Recently, the ratio of serum
uric acid to serum creatinine (SUA/SCr), reflecting a
net production of uric acid, has come into attention
as a standardized SUA index of kidney function and a
new marker for CVD [12]. It was reported that SUA/
Scr might be a marker of poorer outcomes in patients
with ischemic stroke [13]. Nevertheless, the influence
of SUA/Scr on the outcomes of individuals with AMI,
especially in elderly patients, remains unclear.

Thus, the present study aimed to explore the influ-
ence of SUA/SCr on in-hospital outcomes in elderly
patients with AMI.

Methods

Study population

This study was a single-center, retrospective study
and approved by the Institutional Review Board
of Guangdong Provincial People’s Hospital (No.
GDREC2016411H(R1)). We included patients who
were diagnosed with AMI, including both ST-segment
elevation MI (STEMI) and non-ST-segment elevation
MI (NSTEMI), on admission to Guangdong Provincial
People’s Hospital and were aged 75 years or older from
January 2015 to December 2020. And we excluded
patients with missing SUA and/or Scr values. The
study was conducted in accordance with the principles
of the Declaration of Helsinki.
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Data collection

Demographic information and medical history, includ-
ing hypertension, diabetes, MI, prior coronary revascu-
larization, stroke, information on medications before and
during admission, and the percentage of very old patients
were collected from medical records by three experi-
enced data inspectors [14]. The type of AMI, STEMI
or NSTEMI, was recorded. Additionally, the TIMI risk
scores on admission [15, 16], symptom-onset-to-balloon
time, information about multi-vessel disease, cardiac
arrest before admission, details of percutaneous coro-
nary intervention (PCI), as well as left ventricular ejec-
tion fraction (LVEF) of the index hospitalization were
documented.

The first available laboratory data at admission were
collected including peak creatine kinase myocardial band
(CK-MB), hemoglobin (Hb), total bilirubin, total cho-
lesterol, high-density lipoprotein cholesterol (HDL-c),
low-density lipoprotein cholesterol (LDL-c), N-terminal
pro-brain natriuretic peptide (NT-proBNP), serum uric
acid (SUA), and serum creatinine (Scr). SUA/Scr was cal-
culated as SUA (umol/L) divided by Scr (umol/L) [17]. All
blood samples were analyzed using standard examination
methods in the laboratory of our hospital, adhering to the
ISO 9000 Quality Management and Assurance Standards
at the medical center.

Outcomes

Major adverse cardiovascular events (MACEs) in
hospital, which comprise a composite outcome of
all-cause death, major bleeding, ischemic stroke,
mechanical complication of AMI, cardiogenic shock,
and re-infarction was the primary endpoint of the
investigation. Major bleeding was defined as a decrease
in hemoglobin level of at least 5 g/dL, cardiac tampon-
ade, any intracranial hemorrhage or gastrointestinal
bleeding based on the Bleeding Academic Research
Consortium (BARC) definition [18]. Mechanical
complication included in-hospital rupture of the ven-
tricular free wall, rupture of the papillary muscle, and
ventricular septal rupture. Cardiogenic shock was only
for patients who were not in shock on admission [3].
Re-infarction was defined based on the universal defi-
nition of myocardial infarction guidelines [19]. Briefly,
re-infarction was diagnosed as an AMI occurring
within 28 days of an incident MI that complied with
the Fourth Universal Definition of Myocardial Infarc-
tion [19]. For patients who experienced several in-
hospital MACE events, only one event was counted in
the calculation of MACEs. In other words, for patient
who died finally, only one event was counted no matter
how many cardiovascular events he experienced when
he was alive during hospitalization. For patients who
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did not die during hospitalization, only the first occur-
rence of cardiovascular event was counted.

Statistical analysis

In the study, continuous variables were showed as
means tstandard deviations or medians (interquartile
range), and categorical variables were represented by
frequencies (percentages). t-test or Mann-Whitney U
test were performed to compare continuous variables
and Chi-square or Fisher’s exact tests were performed
to compare categorical variables. Univariate logistic
regression analysis was conducted in order to assess
the correlation between clinical variables and in-hos-
pital outcomes. Multivariate regression analysis was
further conducted using a method of forward stepwise
regression for variables of significance in univariate
analysis and other clinically important factors.

The statistical analysis was conducted using SPSS
version 26.0 (SPSS, Inc., Chicago, IL, USA) and R (ver-
sion 2.4.3). P<0.05 (two-sided) was considered statis-
tically significant.

Results

Baseline characteristics

A total of 2,404 patients were diagnosed with AMI,
and 365 patients of whom were aged>75 years. After
excluding 35 patients who lacked SUA and/or Scr val-
ues, a final sample of 330 elderly AMI patients was
included. Table 1 showed the baseline characteristics
of the 330 elderly AMI patients. Among these patients,
68 had MACEs and 44 died during hospitalization,
and 54.2% of them were aged >80 years. Patients who
experienced MACEs exhibited a significantly lower
value of SUA/Scr compared to those did not experi-
ence MACEs (P=0.001). Furthermore, in comparison
to those without MACEs, patients with MACEs lower
LDL-c (P=0.008), lower LVEF (P<0.001), higher TIMI
risk score (P<0.001), higher creatinine (?<0.001) and
a longer symptom-onset-to-balloon time (P=0.029),
and were more likely to take diuretics and angiotensin
receptor antagonist (ARB) before and during hospital-
ization (P=0.001 for history of diuretics, P=0.029 for
history of ARB, P=0.002 for diuretics during hospital-
ization and P<0.001 for ARB during hospitalization)
but less likely to receive PCI (P=0.001).

Among the study participants, those who died during
hospitalization also exhibited lower value of SUA/Scr
(P=0.016), lower LDL-c level (P=0.005), lower LVEF
(P<0.001), higher creatinine (P<0.001), higher TIMI
risk scores (P<0.001) and a longer symptom-onset-to-
balloon time (P=0.031), and were more likely to take
diuretics before and during hospitalization (P=0.020
and P=0.006, respectively) but less likely to receive
PCI (P=0.004) compared to those who were survived.
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ROC analysis

ROC curve analysis indicated that the optimal cut-off
values of SUA/Scr for in-hospital MACEs and all-cause
death in elderly AMI patients was 3.41 and 3.23, respec-
tively (Fig. 1A and B). To establish a signal value for clini-
cal diagnosis, a value of 3.45 was ultimately decided. Then
patients were divided into low SUA/Scr group (SUA/
Scr<3.45) and high SUA/Scr group (SUA/Scr=>3.45). The
incidences of in-hospital MACEs and all cause death of
the two groups were exhibited in Table 2. Comparatively,
elderly patients with a low SUA/Scr ratio exhibited a sig-
nificant increase in the incidence of in-hospital MACEs
and death when compared to those with a high SUA/Scr
ratio (P=0.002 for MACEs, P=0.006 for death) (Table 2
and Supplementary Table 1).

Logistic regression analysis

In the univariate logistic analysis, history of diuretics (
OR: 2.805, 95%CI: 1.504—5.23, P=0.001), history of ARB
( OR: 1.942, 95%CIL: 1.065-3.542, P=0.030), diuretics
during hospitalization (OR: 2.353, 95%CI: 1.314—4.213,
P=0.004), symptom-onset-to-balloon time within 12 h
(OR: 0.548, 95%CI: 0.318—0.943, P=0.030), undergoing
PCI (OR: 0.313, 95%CI: 0.155-0.633, P=0.001), LVEF
(OR: 0.942, 95%CI: 0.920-0.966, P<0.001), TIMI risk
score (OR: 1.461, 95%CI: 1.262-1.691, P<0.001), LDL-c
(OR: 0.670, 95%CIL: 0.473-0.947, P=0.023) and SUA/
Scr<3.45 (OR: 2.359, 95%CIL 1.369-4.065, P=0.002)
were significantly associated with in-hospital MACEs
(Table 3). After adjusting for confounder shown in
Table 3, SUA/Scr<3.45 was still independently related
to MACEs (OR: 2.144, 95%CI: 1.169-3.934, P=0.014)
(Table 3, Supplementary Table 2, Fig. 2) in the multivari-
able analysis. Similarly, the multivariable analysis sug-
gested that after adjusting for the confounding factors in
Table 4, SUA/Scr<3.45 was also significantly associated
with all-cause death during hospitalization (OR: 2.125,
95%CI: 1.050-4.302, P=0.036) (Table 4, Supplementary
Table 2, Fig. 3).

The results of subgroup analysis

Given that previous studies have indicated that the rela-
tionship between SUA and CVD may be influenced by
gender, we conducted a subgroup analysis to examine
whether gender could influence the value of SUA/Scr in
the outcomes among elderly AMI patients during hospi-
talization [20, 21]. Interesting, the results showed that the
association between a lower SUA/Scr value (<3.45) and
in hospital outcomes was observed only in males, with an
OR of 2.511 (95% CI: 1.211-5.207, P=0.013) for in-hos-
pital MACEs and an OR of 2.730 (95% CI: 1.146-6.502,
P=0.023) for all cause death during hospitalization in the
multivariable analysis (Table 5).
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Table 1 The baseline characteristics of elderly patients with AMI.
Variable Overall MACEs Non-MACEs P-Value Death Survival P-Value
(n=330) (n=68) (n=262) (n=44) (n=286)
Age (years) 80.0(77.0,83.0) 81.0(780,840)  80.0(77.0,83.0) 0.193 81.0(79.0,83.0) 80.0(77.0,83.0) 0.162
>80 (n, %) 180 (54.5) 40 (58.9) 140 (54.2) 0427 28 (63.6) 152 (53.1) 0.193
Male (n, %) 217 (65.8) 47 (69.2) 170 (64.8) 0512 30(68.2) 187 (65.4) 0.716
Medical history (n, %)
Hypertension 223 (67.6) 48 (70.6) 175 (66.8) 0551 31 (70.5) 192 (67.1) 0.661
Diabetes 100 (30.3) 25(36.8) 75 (28.6) 0.193 15(34.1) 85(29.7) 0.557
Prior MI 46 (13.9) 11(16.2) 35(134) 0550 8(182) 38(13.3) 0.383
Prior PCl or CABG 49 (14.8) 10 (14.7) 39(14.9) 0970 6(13.6) 43 (15.0) 0.808
Prior stroke 45(13.6) 8(11.8) 37 (14.1) 0614 3(6.8) 42 (14.7) 0.157
Medication history (n, %)
Diuretics 57(17.2) 21 (30.9) 36(13.7) 0001" 17(386) 40 (14.0) <0001"
Dapagliflozin 11(3.3) 1(1.5) 10(3.8) 0561 0(0) 11(3.8) 0.371
Allopurinol 5(1.5) 2(29) 3(1.1) 0601 2(4.5) 3(1.0) 0.269
Febuxostat 4(1.2) 1(1.5) 3(1.1) 1.000 0(0) 4(1.4) 1.000
ARB 70 (21.2) 21(30.9) 49 (18.7) 0.029" 13(29.5) 57 (19.9) 0.146
Cardiac arrest before admission 23(7.0) 5(74) 18 (6.9) 0889 4(9.1) 19 (6.6) 0.553
Current smoking 59(17.9) 10(14.7) 49 (18.7) 0443 5(114) 54 (18.9) 0.226
Clinical characteristics (n, %)
STEMI 235(71.2) 51 (75.0) 184 (70.2) 0439 32(72.7) 203 (71.0) 0.812
TIMI risk score 40 (3.0,6.0) 50(4.0,7.8) 40(3.0,5.0) <0001" 55(4.0,80) 40(3.0,5.0) <0.001"
Revascularization details (n, %)
Multi-vessel disease 238 (72.1) 49 (72.1) 189 (72.1) 0990 31(70.5) 207 (72.4) 0.791
Symptom-onset-to-balloon 170 (51.5) 27 (39.7) 143 (54.6) 0.029" 16 (36.4) 154 (53.8) 0031
time within 12 h
PCl or not 291 (88.2) 52 (76.5) 239(91.2) 0001" 33(75.0) 258(90.2) 0.004"
Complete revascularization 208 (63.0) 39 (57.4) 169 (64.5) 0276 25 (56.8) 183 (64.0) 0.359
Medication during hospitalization
(n, %)
Diuretics 186 (55.8) 49 (72.1) 137 (52.3) 0.002" 33(75.0) 153 (53.5) 0.006"
Dapagliflozin 3(0.9) 1(1.5) 2(7.6) 1.000 1(.3) 2(0.7) 0.865
Allopurinol 1(0.3) 0(0) 1(3.8) 1.000 0(0) 1(0.3) 1.000
Febuxostat 1(0.3) 1(1.5) 0(0) 0467 0(0) 1(0.3) 1.000
ARB 40 (12.1) 12(17.6) 28(10.7) <0.001" 8(18.2) 32(11.2) 0.186
Dual anti-platelet therapy 330 (100) 68 (100) 262 (100) 1.000 44 (100) 286 (100) 1.000
Statins 328(99.4) 67 (98.5) 261 (99.6) 0212 43(97.7) 285(99.7) 0.626
Biochemical variables
Peak CK-MB 1385 172.5 1340 0.229 2003 1326 0.063
(604, 276.4) (61.7,307.7) (59.9,270.1) (77.3,341.7) (58.6,270.0)
Hemoglobin (g/L) 127.0 1220 127.5 0.117 1240 1270 0.305
(113.0,137.0) (104.3,136.8) (115.0,138.0) (103.3,135.9) (114.4,138.0)
Total bilirubin (mmol/L) 149(10.8,19.8) 17.6(12.0,21.9) 14.7 (10.7,18.6) 0.068 17.9(12.2,21.9) 148(10.7,19.2) 0.077
Total cholesterol (mmol/L) 45(3.8,5.2) 42(3.7,5.1) 45(3.9,52) 0112 42(36,52) 45(3.9,52) 0.076
HDL-c (mmol/L) 1.0(09,1.2) 1.0(0.9,1.3) 1.0(09,1.2) 0907 1.1(09,13) 1.0(09,1.2) 0.223
LDL-c (mmol/L) 28(2.3,34) 26(2.1,3.1) 29((24,35) 0.008" 2.5(20,29) 29(24,3.5) 0.005"
Uric acid (umol/L) 4191 419.1 419.5 0.337 4141 419.1 0.307
(342.8,515.1) (360.5, 555.8) (341.8,504.9) (377.1,551.0) (341.5,512.0)
Creatinine (umol/L) 98.0 1223 926 <0001" 1259 94.0 <0.001"
(78.0,126.9) (98.1,147.8) (75.8,121.0) (98.5, 149.5) (76.1,123.0)
SUA/Scr 42(3.0,58) 35(26,4.8) 45(3.2,59) 0001" 34(26,49) 44(3.1,5.9) 0016
NT-pro BNP (pg/ml) 4202.5 44555 4069.0 0.078 41755 4200.0 0.327
(1680.5,8605.0)  (2905.5,9025.3) (14683, 8443.5) (2820.3,8618.8)  (1535.0,8595.0)
LVEF (%) 470(380,58.0) 380(330,47.8) 49.0(400,59.3) <0001 37.5(320,460) 480 (400,590) <0001

ARB, angiotensin receptor antagonist; STEMI, ST-segment elevation MI; PCl, percutaneous coronary intervention; CK-MB, creatine kinase myocardial band; HDL-
¢, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol; SUA/Scr, serum uric acid/ serum creatinine; NT-pro BNP, N-terminal pro-brain
natriuretic peptide; LVEF, left ventricular ejection fraction. * P<0.05
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Fig. 1 ROC curve for in-hospital MACEs and death. (A) ROC curve for in-hospital MACEs. (B) ROC curve for in-hospital death. AUC, area under curve; Cl,

confidence incidence

Table 2 In-hospital outcomes in low and high SUA/Scr groups

In-hospital outcomes Low SUA/Scr high SUA/Scr P-Value
<3.45(n=112) 23.45(n=218)
MACEs 34 (30.4%) 34 (15.6%) 0.002"
All-cause death 23 (20.5%) 21 (9.6%) 0.006"
Mechanical complications of MI 6 (5.4%) 6 (2.8%)
Rupture of the ventricular free wall 2 4
Rupture of the papillary muscle 1 2
Ventricular septal rupture 3 0
Cardiogenic shock 6 7
Malignant arrhythmia 5 4
Pericardial tamponade 2 2
Mesenteric embolism 0 1
Pulmonary embolism 1 0
Major bleeding 1 0
Infectious shock 2 1
Cardiogenic shock 9 (8.0%) 6 (2.8%)
Reinfarction 0(0) 1 (0.5%)
Major bleeding 2 (1.8%) 6 (2.8%)
Cardiac tamponade 0 0
Gastrointestinal bleeding 1 5
1 1

Access site bleeding

MACEs: major adverse cardiovascular events; * P<0.05

Discussion

In the present study, we found that a lower value of renal
function normalized SUA, SUA/Scr, was significantly
related to an increased risk of in-hospital adverse out-
comes, including MACEs and death, among elderly AMI
patients. Moreover, subgroup analysis revealed that this
relationship was more meaningful in males. As far as we
know, this is the first study to explore the relationship
between SUA/Scr and in-hospital outcome in elderly
AMI patients.

In recent years, the role of SUA levels in AMI has
remained controversial and studies in elderly patients
have been limited [22-29]. Some studies have suggested
that SUA was an independent risk factor for AMI, while
others have held the opposite voice [9, 28, 29]. Li et al.
have reported that high SUA level was an independent
risk factor in elderly patients with STEMI [9] and two
Italian studies found that high admission levels of SUA
were independently associated with in-hospital adverse
outcomes and mortality in patients with acute coronary
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Table 3 Univariate and multivariate analysis for in-hospital MACEs
Variable Univariate analysis Multivariate analysis ?
0Odd ratios (95%Cl) P-Value Odd ratios (95% Cl)  P-Value
Age 1.042 (0.978-1.109) 0.201
Male 1.211 (0.683-2.149) 0513
Hypertension 93 (0.667-2.134) 0.552
Diabetes 1.450 (0.827-2.540) 0.195
Smoking status 0.749 (0.358-1.570) 0.445
Multi-vessel disease 0.996 (0.550-1.805) 0.990
Complete revascularization 0.740 (0.430-1.274) 0.277
History of diuretics 2.805 (1.504-5.231) 0.001"
History of ARB 1.942 (1.065-3.542) 0.030°
Diuretics during hospitalization 2.353(1.314-4.213) 0.004"
ARB during hospitalization 1.791 (0.857-3.740) 0.121
Symptom-onset-to-balloon time within 12 0.548 (0.318-0.943) 0.030
PCl 0.313 (0.155-0.633) 0.001" 0.306 (0.139-0.673) 0.003"
STEMI or NSTEMI 1.272 (0.691-2.339) 0439
LVEF 0.942 (0.920-0.966) <0.001" 0.946 (0.922-0.971) <0.001"
TIMI risk score 1461 (1.262-1.691) <0001" 1453 (1.242-1.701) <0001"
LDL-c 0.670 (0.473-0.947) 0.023"
SUA/Scr< 345 2.359 (1.369-4.065) 0.002" 2.144 (1.169-3.934) 0014

2 Multivariate analysis: adjusting for age, gender, multi-vessel disease, history of diuretics, history of ARB, diuretics during hospitalization, PCl or not, smoking status,

LVEF and TIMI risk score

MACEs: major adverse cardiovascular events; Cl, confidence interval; ARB, angiotensin receptor antagonist; PCl: percutaneous coronary intervention; LVEF: left
ventricular ejection fraction; STEMI: ST-segment elevation myocardial infarction; LDL-¢c, low density lipoprotein cholesterol; SUA/Scr: serum uric acid/serum

creatinine. * P<0.05
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1.453 (1.242 - 1.701)  * <0.001

2.144 (1.169-3.394)  0.014

0.306 (0.139-0.673) ¢ 0.003

0.946 (0.922 - 0.971) ¢ <0.001

Fig. 2 Forest plot for in-hospital MACEs. Forest plots showing risk factors for in-hospital MACEs by multivariate logistic analysis. SUA/Scr, serum uric acid/
serum creatinine; PCl, percutaneous coronary intervention; LVEF, left ventricular ejection fraction; OR, odd ratios; Cl, confidence incidence
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Table 4 Univariate and multivariate analysis for in-hospital death

Page 7 of 11

Variable Univariate analysis Multivariate analysis 2
0Odd ratios (95% Cl) P-Value 0Odd ratios (95% Cl) P-Value
Age 1.046 (0.971-1.126) 0.237
Male 34(0.575-2.238) 0.716
Hypertension 67 (0.584-2.335) 0.661
Diabetes 1.223(0.624-2.397) 0.557
Smoking status 0.551(0.207-1.463) 0.232
Multi-vessel disease 0.910 (0.453-1.828) 0.791
History of diuretics 3.872(1.937-7.741) <0.001"
History of ARB 1.685 (0.829-3.426) 0.150
Diuretics during hospitalization 2.682 (1.305-5.515) 0.007"
ARB during hospitalization 1.764 (0.754-4.126) 0.191
Symptom-onset-to-balloon time witin12hours 0.490 (0.254-0.945) 0.033"
Complete revascularization 0.741 (0.389-1.409) 0.360
PCl 0.326 (0.148-0.714) 0.005" 0.320 (0.134-0.765) 0.010°
STEMI 1.090 (0.536-2.220) 0812
LVEF 0.933 (0.906-0.962) <0.001" 0.937 (0.909-0.967) <0.001"
TIMI risk score 1442 (1.221-1.702) <0001" 1437 (1.200-1.720) <0001"
LDL-c 0.573 (0.372-0.884) 0.012"
SUA/Scr< 345 2424 (1.275-4.608) 0.007" 2.125 (1.050-4.302) 0036

@ Multivariate analysis: adjusting for age, gender, multi-vessel disease, history of diuretics, diuretics during hospitalization, PCl or not, smoking status, LVEF and TIMI

risk score

Cl, confidence interval; ARB, angiotensin receptor antagonist; PCl: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction; LVEF:
left ventricular ejection fraction; LDL-c, low density lipoprotein cholesterol; SUA/Scr: serum uric acid/serum creatinine. * P<0.05

I OR (95% CI) P-value
TIMI risk score - | —e— 1.437 (1.200 - 1.720) @ <0.001
I
I
SUA/Scr <3.45 I® | 2.125 (1.050-4.302) @ 0.036
I
|
PCI { o : I 0.320 (0.134-0.765) @ 0.010
I
LVEF | ml 0.937 (0.909 - 0.967) ¢ <0.001
|
| .
1 2

OR

Fig. 3 Forest plot for in-hospital death. Forest plots showing risk factors for in-hospital death by multivariate logistic analysis. SUA/Scr, serum uric acid/
serum creatinine; PCl, percutaneous coronary intervention; LVEF, left ventricular ejection fraction; OR, odd ratios; Cl, confidence incidence

syndrome [26, 27]. However, Liu et al. have found no
relationship between high SUA levels and mortality of
STEMI patients with Killip classes II-IV [28]. A cohort
study of 375,163 participants has suggested that both low
and high SUA levels have an association with increased

mortality of CVD, suggested a U-shaped correlation
between SUA and adverse outcomes of CVD [29]. The
conflicting conclusions might be due to variations in age
groups among the study subjects, with the previous evi-
dence being more prevalent in younger patients than in
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Table 5 Subgroup analysis based on gender

Subgroup SUA/Scr SUA/Scr Univariate analysis Multivariate analysis ?
<345 > 3.45
(No. of events/patients) Odd ratios (95% P-value P for 0Odd ratios P-value Pfor
q) interaction (95% Cl) interac-
tion
MACEs
Male 25/81 22/136 2313 0.012" 0.959 2511 0.013° 0.208
(1.200-4.459) (1.211-5.207)
Female 9/31 12/82 2.386 0.084
(0.888-6.410)
Deaths
Male 17/81 13/136 2513 0.021° 0.861 2.730 0.023° 0.165
(1.149-5.498) (1.146-6.502)
Female 6/31 8/82 2.220 0.175
(0.702-7.022)

? Forward stepwise regression method was used in the multivariate logistic analysis

b Adjusted for age, smoking status, multi vessel disease, TIMI risk score, PCl or not, Symptom-onset-to-balloon time within 12 h, complete revascularization, LVEF,

hypertension, DM, type of AMI.

SUA/Scr, serum uric acid/serum creatinine; MACEs: major adverse cardiovascular events. * P<0.05

older patients [22, 23]. Additionally, SUA levels are influ-
enced by renal clearance function, and higher SUA levels
could be observed in patients with poor renal function
[30]. Therefore, SUA/Scr, which reflects renal function-
normalized SUA, could serve as a more accurate indica-
tor of AMIL.

Previous studies have explored the value of SUA/Scr
ratio in some specific clinical outcomes, but less in the
field of CVD [31-34]. Chen et al. have identified SUA/
Scr as an independent risk factor for diabetic kidney
disease in patients with type 2 diabetes mellitus, while
there was no link between SUA/Scr and macrovascular
disease [33]. A recent study has reported that evaluated
SUA/Scr ratio was negatively associated with HbAlc in
patients with diabetes [34]. Gong et al. have suggested
that among patients with acute ischemic stroke, a lower
SUA/Scr value was related to poor functional outcomes
[13]. Our study added to this knowledge by revealing
that a lower SUA/Scr ratio was associated with adverse
in-hospital outcomes in elderly AMI patients, includ-
ing MACEs and all cause death. And this relationship
remained significant after correcting for various con-
founding factors, including age, gender, multi-vessel dis-
ease, symptom-to-onset-time, PCI status, medications
before and during hospitalization, smoking, LVEF, type
of AMI, and TIMI risk score. Recently, in the Uric Acid
Right for Heart Health (URRAH) study based on Italian
community general population, Casiglia et al. found that
higher SUA/Scr was an independent risk of cardiovascu-
lar events with a cut-off value of 5.35 (mg/dl) [35]. Mean-
while, our study found that lower SUA/Scr value with a
cut-off of 3.45 pmol/L (5.12 mg/dL) was associated with
in-hospital MACEs and all-cause death among Chinese
elderly patients with AMI. The possible reason for the
inverse association between SUA/Scr and cardiovascular

risk might be that SUA may exert anti-oxidant proper-
ties to scavenge reactive oxygen species in acute stress
instead of a chronic pro-oxidative role in general popula-
tion [36]. Besides, the different ethnicity, age and disease
status of the study population may also contribute to the
different cut-off values.

It is interesting that in the present study, patients with
adverse outcomes showed similar SUA at admission with
patients without events. The higher incidence of diuret-
ics and ARB use in patients with adverse outcomes may
explain this lack of difference. To overtake this issue,
we added diuretic use to the multivariable model, and
found the use of diuretic had no effect on the association
between SUA/Scr and in-hospital outcomes in the elderly
AMI patients. This result was similar to that of another
analysis of the URRAH study which showed that individ-
uals with hyperuricemia and diuretic use exhibited a sim-
ilar risk compared with those presented hyperuricemia
in absence of diuretic therapy [37]. On the other hand,
we found that timely PCI in elderly patients with AMI
was beneficial in improving in-hospital outcomes for the
index AMI after adjustments for potential confounders.
This was consistent with growing evidence that primary
PCI for STEMI and early invasive strategy for NSTEMI
had prognostic benefits regardless of age, indicating a
more positive PCI strategy should also be adopted in
elderly patients, which was not always applied in clinical
practice [38-40].

The present study also observed a gender-related dif-
ferences in the association between SUA/Scr and in-
hospital outcomes. Previous studies also have reported
that the relationship between SUA and CVD was influ-
enced by gender, while the conclusions seem to be incon-
sistent [41-43]. Yuan et al. have found that SUA was
U-shapedly associated with cardiovascular outcomes in
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males without considering kidney function [42]. Kang et
al. have reported that among 27,490 participants older
than 40 years with normal kidney function, a significant
association between lower SUA levels (4.0 mg/dl) and
all-cause mortality, including cardiovascular mortal-
ity, was observed only in men, but not in women [43].
In the present study, we observed a stronger association
between renal function normalized SUA (SUA/Scr) and
in-hospital outcomes among elderly male patients with
AMI, not in women. It could be explained by that the uri-
cosuric effect in elderly women, who have lower levels of
estrogen, decreased and the net level of SUA was higher
than men [44]. Therefore, the above conclusion was more
significant in males.

There were several limitations in the present study. One
of the major limitations of this study is its retrospective
and observational nature. Thus, direction of the observed
relationship could not be determined. It could be that
SUA exert excellent antioxidant for the infarcted heart,
but it could also be that serum UA levels were influenced
by severity of the index AMI. Additionally, this study was
conducted at a single center and the sample size was lim-
ited, which might cause selection bias. The present study
was conducted on Chinese elderly patients with AMI
only and the applicability of the findings to other popula-
tions needs to be further explored [45]. Lastly, the influ-
ence of baseline renal function could not be excluded in
the present study. In order to further comprehensively
assess the value of SUA/Scr, future studies with larger
sample size, careful stratification and long-term follow-
up are needed.

Conclusions

The present study suggests that a lower SUA/Scr ratio is
associated with an increased risk of in-hospital adverse
events in elderly AMI patients. This association is signifi-
cantly observed in males, but not in females. SUA/Scr is
an inexpensive and effective index, and could be used as
an effective biomarker for elderly AMI patients. Future
prospective studies with larger sample sizes are needed
to validate these results and to better understand the
potential clinical implications of SUA/Scr in this patient
population.
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SUA serum uric acid
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MACEs major adverse cardiovascular events
ARB angiotensin receptor antagonist

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-024-03720-6.

[ Supplementary Material 1 ]

Acknowledgements
Not applicable.

Author contributions

LJ and XH analyzed the data; LJ and JJ wrote the manuscript; GC and LG
supervised the statistical analysis and revised the manuscript; GC and XH
supported the study; YZ supervised the study.

Funding

This study was supported by the Guangzhou Municipal Science and
Technology Project (Basic and Applied Basic Research), China (NO.
202201010892); the National Natural Science Foundation of China (No.
82100269); the natural Science Foundation of Guangdong, China (NO.
2021A1515011745).

Data availability
The data of the study can be available from the corresponding author.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of Guangdong
Provincial People’s Hospital. Written informed consent for the participants was
not required for this study in accordance with the national legislation and the
institutional requirements and the need for informed consent was waived by
the Institutional Review Board of Guangdong Provincial People’s Hospital.

Consent for publication
Not applicable.

Disclosure
The authors declare no conflict of interest.

Received: 19 September 2023 / Accepted: 8 January 2024
Published online: 16 January 2024

References

1. Reed GW, Rossi JE, Cannon CP. Acute myocardial infarction. Lancet.
2017;389:197-210.

2. Johansson S, Rosengren A, Young K, Jennings E. Mortality and morbidity
trends after the first year in survivors of acute myocardial infarction: a system-
atic review. BMC Cardiovasc Disord. 2017;17:53.

3. ChenG,LiM WenX WangR, ZhouY, Xue L, He X. Association between Stress
Hyperglycemia Ratio and In-hospital outcomes in Elderly patients with Acute
myocardial infarction. Front Cardiovasc Med. 2021;8:698725.

4. ShirakiT, Saito D. Clinical features of acute myocardial infarction in elderly
patients. Acta Med Okayama. 2011;65:379-85.

5. CuiY,Hao K, Takahashi J, Miyata S, Shindo T, Nishimiya K, Kikuchi Y, Tsuburaya
R, Matsumoto Y, Ito K, Sakata Y, Shimokawa H. Age-Specific trends in the inci-
dence and In-Hospital mortality of Acute Myocardial Infarction over 30 years
in Japan - Report from the Miyagi AMI Registry Study. Circ J. 2017;81:520-8.

6. Hul,HuG, XuB, ZhuL, Zhou W, WangT, Bao H, Cheng X. U-shaped associa-
tion of serum uric acid with all-cause and cause-specific mortality in US
adults: a cohort study. J Clin Endocrinol Metab. 2020;105:dgz068.

7. Maloberti A, Giannattasio C, Bombelli M, Desideri G, Cicero AFG, Muiesan ML,
Rosei EA, Salvetti M, Ungar A, Rivasi G, Pontremoli R, Viazzi F, Facchetti R, Ferri
C, Bernardino B, Galletti F, D'Elia L, Palatini P, Casiglia E, Tikhonoff V, Barbagallo


https://doi.org/10.1186/s12872-024-03720-6
https://doi.org/10.1186/s12872-024-03720-6

Jiang et al. BMC Cardiovascular Disorders

20.

21

22.

23.

24.

25,

(2024) 24:52

CM, Verdecchia P, Masi S, Mallamaci F, Cirillo M, Rattazzi M, Pauletto P, Cirillo P,
Gesualdo L, Mazza A, Volpe M, Tocci G, laccarino G, Nazzaro P, Lippa L, Parati
G, Dell'Oro G, Quarti-Trevano R, Grassi F, Virdis A, Borghi C, Working Group on
Uric Acid and Cardiovascular Risk of the ltalian Society of Hypertension (SIIA).
Hyperuricemia and Risk of Cardiovascular outcomes: the experience of the
URRAH (Uric Acid Right for Heart Health) Project. High Blood Press Cardiovasc
Prev.2020,27:121-8.

Chen J. Serum uric acid level and all-cause and cardiovascular mortality in
Chinese elderly: a community-based cohort study in Shanghai. Nutr Metab
Cardiovasc Dis. 2021;31:3367-76.

LiL, MaY, Shang XM, Hong Y, Wang JH, Tan Z, Wang YJ, Geng XB. Hyperuri-
cemia is associated with short-term outcomes in elderly patients with acute
myocardial infarction. Aging Clin Exp Res. 2018;30:1211-5.

Strasak AM, Kelleher CC, Brant LJ, Rapp K, Ruttmann E, Concin H, Diem G,
Pfeiffer KP, Ulmer H, VHM&PP Study Group. Serum uric acid is an independent
predictor for all major forms of cardiovascular death in 28,613 elderly women:
a prospective 21-year follow-up study. Int J Cardiol. 2008;125:232-9.

Trkulja V, Car S. On-admission serum uric acid predicts outcomes after acute
myocardial infarction: systematic review and meta-analysis of prognostic
studies. Croat Med J. 2012;53:162-72.

Gu L, Huang L, Wu H, Lou Q, Bian R. Serum uric acid to creatinine ratio: a pre-
dictor of incident chronic kidney disease in type 2 diabetes mellitus patients
with preserved kidney function. Diab Vasc Dis Res. 2017;14:221-5.

Gong Y, Tian X, Zhou Y, Qin X, Meng X, Chen P, Wang A, Wang Y. Association
between serum uric acid to serum creatinine ratio and poor functional out-
comes in patients with acute ischemic stroke. Eur J Neurol. 2022;29:3307-16.
Jiménez-Méndez C, Diez-Villanueva P, Alfonso F. Non-ST segment elevation
myocardial infarction in the elderly. Rev Cardiovasc Med. 2021,22:779-86.
Morrow DA, Antman EM, Charlesworth A, Cairns R, Murphy SA, de Lemos

JA, Giugliano RP, McCabe CH, Braunwald E. TIMI risk score for ST-elevation
myocardial infarction: a convenient, bedside, clinical score for risk assessment
at presentation: an intravenous nPA for treatment of infarcting myocardium
early Il trial substudy. Circulation. 2000;102:2031-7.

Antman EM, Cohen M, Bernink PJ, McCabe CH, Horacek T, Papuchis G,
Mautner B, Corbalan R, Radley D, Braunwald E. The TIMI risk score for unstable
angina/non-ST elevation MI: a method for prognostication and therapeutic
decision making. JAMA. 2000,284:835-42.

Li M, Gu L, Yang J, Lou Q. Serum uric acid to creatinine ratio correlates with
B-cell function in type 2 diabetes. Diabetes Metab Res Rev. 2018;34:e3001.
Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, Kaul S, Wiviott
SD, Menon V, Nikolsky E, Serebruany V, Valgimigli M, Vranckx P, Taggart D,
Sabik JF, Cutlip DE, Krucoff MW, Ohman EM, Steg PG, White H. Standardized
bleeding definitions for cardiovascular clinical trials: a consensus report from
the Bleeding Academic Research Consortium. Circulation. 2011;123:2736-47.
Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White HD.
Executive Group on behalf of the Joint European Society of Cardiology (ESC)/
American College of Cardiology (ACC)/American Heart Association (AHA)/
World Heart Federation (WHF) Task Force for the Universal Definition of myo-
cardial infarction. Fourth Universal Definition of Myocardial Infarction (2018).
J Am Coll Cardiol. 2018;72:2231-64.

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.

Calvo RY, Araneta MR, Kritz-Silverstein D, Laughlin GA, Barrett-Connor E. Rela-
tion of serum uric acid to severity and progression of coronary artery calcium
in postmenopausal White and Filipino women (from the Rancho Bernardo
study). Am J Cardiol. 2014;113:1153-8.

Tatli E, Aktoz M, Buyuklu M, Altun A. The relationship between coronary artery
disease and uric acid levels in young patients with acute myocardial infarc-
tion. Cardiol J. 2008;15:21-5.

Car S, Trkulja V. Higher serum uric acid on admission is associated with higher
short-term mortality and poorer long-term survival after myocardial infarc-
tion: retrospective prognostic study. Croat Med J. 2009;50:559-66.

Tian X, ZuoY, Chen S, Wang A, Li H, He Y, Zhang L, An J, Wu S, Luo Y. Associa-
tions between changes in serum uric acid and the risk of myocardial infarc-
tion. Int J Cardiol. 2020;314:25-31.

Baumann S, Huseynov A, Koepp J, Jabbour C, Behnes M, Becher T, Renker M,
Lang S, Borggrefe M, Lehmann R, Akin I. Comparison of serum uric acid, Bili-
rubin, and C-Reactive protein as prognostic biomarkers of In-Hospital MACE
between women and men with ST-Segment Elevation myocardial infarction.
Angiology. 2016,67:272-80.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

Page 10 of 11

Rebora P, Centola M, Morici N, Sacco A, Occhino G, Viola G, Oreglia J, Castini
D, Persampieri S, Sabatelli L, Ferrante G, Lucreziotti S, Carugo S, Valsecchi MG,
Oliva F, Giannattasio C, Maloberti A. Uric acid associated with acute heart
failure presentation in Acute Coronary Syndrome patients. Eur J Intern Med.
2022;,99:30-7.

Centola M, Maloberti A, Castini D, Persampieri S, Sabatelli L, Ferrante G,
Lucreziotti S, Morici N, Sacco A, Oliva F, Rebora P, Giannattasio C, Mafrici

A, Carugo S. Impact of admission serum acid uric levels on in-hospital
outcomes in patients with acute coronary syndrome. Eur J Intern Med.
2020;82:62-7.

Liu CW, Liao PC, Chen KC, Chiu YW, Liu YH, Ke SR, Wu YW. Relationship of
serum uric acid and killip class on mortality after acute ST-segment elevation
myocardial infarction and primary percutaneous coronary intervention. Int J
Cardiol. 2017;226:26-33.

Cho SK, Chang Y, Kim |, Ryu S. U-Shaped Association between serum

uric acid level and risk of mortality: a Cohort Study. Arthritis Rheumatol.
2018;70:1122-32.

Park JH, Jo YI, Lee JH. Renal effects of uric acid: hyperuricemia and hypourice-
mia. Korean J Intern Med. 2020;35:1291-304.

Sun X, Lv J, Wu Z, Shi J, Huang H. Serum uric acid to serum creatinine ratio
and risk of Stroke recurrence in young adults with ischemic stroke. Neuropsy-
chiatr Dis Treat. 2022;18:2031-9.

Ding Z, Fan Y, Yao C, Gu L. The association between the serum uric acid to
creatinine ratio and all-cause mortality in elderly hemodialysis patients. BMC
Nephrol. 2022;23:177.

Chen L, Zhu Z,Ye S, Zheng M. The serum uric acid to serum creatinine ratio is
an independent risk factor for Diabetic kidney disease. Diabetes Metab Syndr
Obes. 2022;15:3693-703.

Swaminathan DK, Velmurugan K, Ramakrishnan G, Alexander A, Raghu-
pathy T, Mohanraj AK. Association between serum uric acid levels and
cardiovascular risk factors among adults in India. Nutr Metab Cardiovasc Dis.
2023;33:1330-8.

Casiglia E, Tikhonoff V, Virdis A, Grassi G, Angeli F, Barbagallo CM, Bombelli

M, Cicero AFG, Cirillo M, Cirillo P, Dell'Oro R, D'elia L, Desideri G, Ferri C,
Galletti F, Gesualdo L, Giannattasio C, laccarino G, Lippa L, Mallamaci F,

Masi S, Maloberti A, Masulli M, Mazza A, Mengozzi A, Muiesan ML, Nazzaro

P, Palatini P, Parati G, Pontremoli R, Quarti-Trevano F, Rattazzi M, Reboldi G,
Rivasi G, Salvetti M, Tocci G, Ungar A, Verdecchia P, Viazzi F, Volpe M, Borghi C.
Working Group on Uric Acid and Cardiovascular Risk of the Italian society of
hypertension (SIIA). Serum uric acid / serum creatinine ratio as a predictor of
cardiovascular events. Detection of prognostic cardiovascular cut-off values. J
Hypertens. 2023;41:180-6.

Maloberti A, Biolcati M, Ruzzenenti G, Giani V, Leidi F, Monticelli M, Algeri M,
Scarpellini S, Nava S, Soriano F, Oreglia J, Sacco A, Morici N, Oliva F, Piani F,
Borghi C, Giannattasio C. The role of Uric Acid in Acute and Chronic Coronary
syndromes. J Clin Med. 2021;10:4750.

Maloberti A, Bombelli M, Facchetti R, Barbagallo CM, Bernardino B, Rosei EA,
Casiglia E, Cicero AFG, Cirillo M, Cirillo P, Desideri G, D'elia L, Dell'Oro R, Ferri
C, Galletti F, Giannattasio C, Loreto G, laccarino G, Lippa L, Mallamaci F, Masi
S, Mazza A, Muiesan ML, Nazzaro P, Parati G, Palatini P, Pauletto P, Pontremoli
R, Quarti-Trevano F, Rattazzi M, Rivasi G, Salvetti M, Tikhonoff V, Tocci G, Ungar
A, Verdecchia P, Viazzi F, Volpe M, Virdis A, Grassi G, Borghi C. Working Group
on Uric Acid, Cardiovascular Risk of the Italian society of hypertension (SIIA).
Relationships between diuretic-related hyperuricemia and cardiovascular
events: data from the URic acid right for heArt Health study. J Hypertens.
2021;39:333-40.

Ozaki Y, Hara H, Onuma'Y, Katagiri Y, Amano T, Kobayashi Y, Muramatsu T, Ishii
H, Kozuma K, Tanaka N, Matsuo H, Uemura S, Kadota K, Hikichi Y, Tsujita K, Ako
J,Nakagawa Y, Morino Y, Hamanaka |, Shiode N, Shite J, Honye J, Matsubara T,
Kawai K, Igarashi Y, Okamura A, Ogawa T, Shibata Y, Tsuji T, Yajima J, Iwabuchi
K, Komatsu N, Sugano T, Yamaki M, Yamada S, Hirase H, Miyashita Y, Yoshi-
machi F, Kobayashi M, Aoki J, Oda H, Katahira Y, Ueda K, Nishino M, Nakao K,
Michishita |, Ueno T, Inohara T, Kohsaka S, Ismail TF, Serruys PW, Nakamura M,
Yokoi H, Ikari Y. Task Force on primary percutaneous coronary intervention
(PC) of the Japanese Cardiovascular Interventional therapeutics (CVIT). CVIT
expert consensus document on primary percutaneous coronary intervention
(PCI) for acute myocardial infarction (AMI) update 2022. Cardiovasc Interv
Ther. 2022;37:1-34.

Vetrovec GW. Increasing clarity for an early invasive strategy in NSTEMI.
Catheter Cardiovasc Interv. 2020;95:194-5.

Nadarajah R, Ludman P, Appelman Y, Brugaletta S, Budaj A, Bueno H,

Huber K, Kunadian V, Leonardi S, Lettino M, Milasinovic D, Gale CP, NSTEMI



Jiang et al. BMC Cardiovascular Disorders

41.

42.

43.

(2024) 24:52

Investigators. Cohort profile: the ESC EURObservational Research Programme
Non-ST-segment elevation myocardial infraction (NSTEMI) Registry. Eur Heart
JQual Care Clin Outcomes. 2022,9:8-15.

Holme I, Aastveit AH, Hammar N, Jungner |, Walldius G. Uric acid and risk of
myocardial infarction, stroke and congestive heart failure in 417,734 men and
women in the apolipoprotein MOrtality RISk study (AMORIS). J Intern Med.
2009,266:558-70.

Yuan SL, Kim MH, Lee KM, Jin X, Song ZY, Park JS, Cho YR, Lim K, Yun SC. Sex
differences between serum uric acid levels and cardiovascular outcomes in
patients with coronary artery disease after stent implantation. Front Cardio-
vasc Med. 2023;10:1021277.

Kang E, Hwang SS, Kim DK, Oh KH, Joo KW, Kim YS, Lee H. Sex-specific
relationship of serum uric acid with all-cause mortality in adults with normal
kidney function: an observational study. J Rheumatol. 2017;44:380-7.

44,

Page 11 of 11

Wingrove CS, Walton C, Stevenson JC. The effect of menopause on serum
uric acid levels in non-obese healthy women. Metabolism. 1998;47:435-8.

45, Palmer IM, Schutte AE, Huisman HW. Uric acid and the cardiovascular profile
of African and caucasian men. J Hum Hypertens. 2010,24:639-45.
Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The association between serum uric acid / serum creatinine ratio and in-hospital outcomes in elderly patients with acute myocardial infarction
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Data collection
	﻿Outcomes
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿ROC analysis
	﻿Logistic regression analysis
	﻿The results of subgroup analysis

	﻿Discussion
	﻿Conclusions
	﻿References


