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Abstract
The long-term association between serum albumin-to-creatinine ratio (sACR) and poor patient outcomes in acute myocardial
infarction (AMI) remains unclear. This study aimed to determine whether sACR was a predictor of poor long-term survival in patients
with AMI.
This was a study of patients with AMI in the emergency department (ED) from the retrospective multicenter study for early

evaluation of acute chest pain (REACP) study. The patients were categorized into tertiles (T1, T2, and T3) based on the admission
sACR (0.445 and 0.584g/mmol). Baseline sACR at admission to the ED was predictive of adverse outcomes. The primary outcome
was all-cause mortality within the follow-up period. Cox proportional hazards models were performed to investigate the association
between sACR and all-cause mortality in patients with AMI.
A total of 2250 patients with AMI were enrolled, of whom 229 (10.2%) died within the median follow-up period of 10.7 (7.2–14.6)

months. Patients with a lower sACR had higher all-cause mortality and adverse outcomes rates than patients with a higher sACR.
Kaplan–Meier survival analysis showed that patients with a higher sACR had a higher cumulative survival rate (P< .001). Cox
regression analysis showed that a decreased sACR was an independent predictor of all-cause mortality [T2 vs T1: hazard ratio (HR);
0.550, 95% confidence interval (95% CI), 0.348–0.867; P= .010 and T3 vs T1: HR, 0.305; 95% CI, 0.165–0.561; P< .001] and
cardiac mortality (T2 vs T1: HR, 0.536; 95% CI, 0.332–0.866; P= .011 and T3 vs T1: HR, 0.309; 95% CI, 0.164–0.582, P< .001).
The sACR at admission to ED was independently associated with adverse outcomes, indicating that baseline sACR was a useful

biomarker to identify high-risk patients with AMI at an early phase in ED.

Abbreviations: AKI = acute kidney injury, AMI = acute myocardial infarction, AUC = area under the curve, BMI = body mass
index, BUN = blood urea nitrogen, CIs = confidence intervals, CRP = C-reactive protein, cTnT = cardiac troponin T, DBP = diastolic
blood pressure, ED = emergency department, eGFR = estimated glomerular filtration rate, GRACE = the Global registry of Acute
Coronary Events, HR = hazard ratios, LVEF = left ventricular ejection fraction, NRI = net reclassification index, NT-proBNP = N-
terminal pro-brain natriuretic peptide, PCI = primary percutaneous intervention, REACP = the retrospective multicenter study for
early evaluation of acute chest pain study, ROC = receiver operating characteristic, SA = serum albumin, sACR = serum albumin-to-
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creatinine ratio, SBP = systolic blood pressure, sCr = serum creatinine, T2DM = type 2 diabetes mellitus, TIMI = Thrombolysis in
Myocardial Infarction (TIMI), TnT = troponin T, uACR = urine albumin-to-creatinine ratio, WBC = white blood cell.

Keywords: acute myocardial infarction, biomarker, mortality, prognosis, serum albumin-to-creatinine ratio
1. Introduction

Acute myocardial infarction (AMI) is an emergent form of
coronary artery disease and is associated with high mortality.[1]

Although the mortality rate of patients with AMI has decreased
with advances in medical and interventional treatment, ischemic
heart disease remains a major cause of death in China.[2] Prompt
treatment of AMI improves the survival rate, and risk assessment
of patients with AMI at the time of admission to the emergency
department (ED) helps to guide clinical decision-making and
improve the effectiveness of treatment.[1,2] Among the current
risk stratification tools, the Global registry of Acute Coronary
Events (GRACE) and Thrombolysis in Myocardial Infarction
(TIMI) risk scores are widely used for prognostic assessment.
They include medical history, biochemical variables, markers of
myocardial injury, and electrocardiography findings.[1,3,4]

Results of previous studies indicated multiple pathophysiological
biomarkers that have prognostic value for the evaluation of
patients with cardiovascular diseases.[5–7] Some simple biomark-
ers may have greater prognostic value for patients with early-
phase AMI in the ED than complex risk scores.
AMI is associated with inflammatory responses and thrombosis

accompanied by a significant elevation in the levels of inflamma-
tory markers, including D-dimer and C-reactive protein
(CRP).[5,8,9] However, results of other studies have indicated that
elevation in CRP or D-dimer levels at admission is not associated
with adverse outcomes in patients with AMI.[8,9] The thrombo-
inflammatory status may reflect the severity of cardiovascular
diseases, and a combination of an inflammatory and a thrombotic
biomarker may be more predictive of outcomes than a single
inflammatory or thrombotic biomarker; however, complex
calculations would still be required.[5] Serum albumin (SA) is a
stable protein associatedwith inflammation and platelet activation
and was found to be an important independent biomarker for
adverse outcomes of AMI.[10,11] Acute kidney injury (AKI) is a
common target organ injury and is reported to be associatedwith a
poor prognosis in patients with AMI.[12] Serum creatinine (sCr), a
biomarker of AKI, was found to be associated with increased risks
of mortality in patients with AMI.[13] The urine albumin-to-
creatinine ratio (uACR) has been recommended as a suitable
marker formonitoring proteinuria and is independently associated
with increased long-term risks of cardiovascular and total
mortality in survivors of myocardial infarction.[14] Therefore,
we hypothesize that the sACR will provide additional prognostic
information at early-phase AMI in the ED. To verify this, we
conducted this retrospectivemulticenter cohort study to investigate
the usefulness of the baseline sACR to identify high-risk patients
with AMI on admission to the ED.
2. Materials and methods

2.1. Study design

We analyzed data from themulticenter retrospective evaluation of
acute chest pain (REACP) study. The REACP study included
2

patientswith acute chest pain onadmission to the EDof acute chest
pain centers at seven tertiary hospitals in China between January
2017andDecember 2018.TheREACP study is registered atwww.
chictr.org.cn (Identifier: ChiCTR1900024657). In the present
study, we evaluated whether the sACR predicted mortality and
adverse outcomes in patients with AMI undergoing primary
percutaneous intervention (PCI) in the ED. The study was
conducted in accordance with the Declaration of Helsinki and
was approved by the Institutional Review Boards of Sichuan
University West China Hospital and other participating hospitals.
2.2. Study population

From January 2017 to December 2018, a total of 2250 of the
12,300 patients with acute chest pain with AMI who were
enrolled in the REACP study and underwent primary PCI in the
ED were included in this study. The inclusion criteria were as
follows: age >18 years, first-time diagnosis of ST-elevation
myocardial infarction or non-ST-elevation myocardial infarc-
tion, <12hours between the onset of symptoms and ED
admission, and treated with coronary angiography and primary
PCI. The exclusion criteria were as follows: presence of malignant
tumors, chronic systolic heart failure, history of chronic
hepatopathy or chronic renal disease, and loss to follow-up.
Chronic systolic heart failure was defined as a clinical syndrome
characterized by typical symptoms (e.g., breathlessness, ankle
swelling, and fatigue) with reduced left ventricular ejection
(considered as <40%). Chronic renal disease was defined as the
presence of either of the conditions listed below lasting for more
than 3 months, including kidney damage: abnormal findings in
blood or urinary tests, imaging studies, or pathological
evaluations and estimated glomerular filtration rate (eGFR)
<60mL/min/1.73m2. Figure 1 is a diagram of patient selection.

2.3. Data collection

Baseline data on patient demographic and clinical characteristics
such as vital signs, medical histories, laboratory tests, electro-
cardiograms, cardiac color Doppler ultrasound, coronary
angiography, in-hospital complications, and treatment before
admission obtained during the hospital stay and at discharge
were collected from the electronic medical records at each
participating hospital. The sACR was calculated based on assays
performed to assess SA and sCr levels on admission to the ED.
Laboratory tests were performed using standard procedures of
the Sichuan UniversityWest ChinaHospital. Patients with a body
mass index (BMI) of >24kg/m2 were classified as overweight.
2.4. Endpoint and follow-up

The primary endpoint was all-cause mortality, and the secondary
endpoint was cardiac death that was diagnosed as death caused
by myocardial infarction, cardiac arrest, heart failure, life-
threatening arrhythmias, and other cardiac events. All reported
events were reviewed and validated by an outcome assessment
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Figure 1. Study flow chart. AMI=acute myocardial infarction, PCI=percutaneous coronary intervention, sACR=serum albumin-to-creatinine ratio.
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committee that was blinded to the treatment assignment. The
follow-up period was calculated from the onset date of AMI to
the date of an event or the date of the last follow-up. In-hospital
and post-discharge outcomes were collected from medical
records, during hospital visits, or by telephone interviews.
2.5. Statistical analysis

The patients were categorized into tertiles (T1, T2, and T3) based
on the admission sACR (0.445 and 0.584g/mmol). Continuous
variables were reported as means± standard deviation or
medians (25th and 75th percentile). Categorical variables were
reported as numbers and percentages. Parametric patient
characteristics were compared using 1-way analysis of variance.
Nonparametric characteristics were compared using the Krus-
kal–Wallis H test. Categorical data were compared using Chi-
square tests. Cumulative survival of patients in the 3 sACR
tertiles was estimated using the Kaplan–Meier method and log-
rank tests, and Cox proportional hazards models were used to
identify the associations between the sACR categories and
survival. Hazard ratios (HRs) and 95% confidence intervals (CIs)
were calculated for the 2 higher sACR tertiles, with the lowest
tertile serving as a reference. Cox proportional hazards models
were performed using age, sex, hypertension, Killip class, type 2
diabetes mellitus (T2DM), troponin T (TnT), left ventricular
ejection fraction (LVEF), and GRACE and Gensini scores.
Receiver operating characteristic (ROC) curves, continuous net
reclassification index (NRI), and integrated discrimination
improvement were performed to evaluate improvement in
prognosis following addition of the sACR to the GRACE score
3

in the statistical models.[15] Subgroup analysis of Cox propor-
tional hazards models was performed to test the robustness of the
association between the sACR and the primary endpoint after
adjusting for covariates unless the variable was used as a
subgroup variable.
The significance level was a 2-tailed P-value of<.05. Statistical

analysis was performed using SPSS version 20.0 (IBM Corp,
Armonk, NY) and Stata version 14.0 (Stata Corp, College
Station, TX).
3. Results

3.1. Baseline patient characteristics

In total, 2250 patients with AMI with an average age of 64.8±
13.1 years were included; of these patients, 1698 (75.5%) were
men, and the median follow-up was 10.7 (7.2–14.6) months. A
total of 229 (10.2%) patients died, and the causes of death were
cardiac death in 214 (93.4%), stroke in 4 (1.7%), inflammation
in 8 (3.5%), bleeding in bleed (0.4%), and accidents in 2 (0.9%).
Patients in group T1 were older; had lower BMIs, systolic blood
pressure (SBP), diastolic blood pressure (DBP), LVEFs; hemo-
globin, albumin, eGFR, triglyceride, total cholesterol, high-
density lipoprotein, and low-density lipoprotein levels; lower
sACR and incidence of left anterior descending artery infarction;
this group also had more patients with hypertension; T2DM;
high heart rate; high Killip class; high white blood cell (WBC)
count; high levels of fibrinogen, D-dimer, random blood glucose,
sCr, blood urea nitrogen (BUN), N-terminal pro-brain natriuretic
peptide (NT-proBNP), and troponin T; and high left main and
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Table 1

Baseline clinical characteristics of sACR groups in AMI patients.

Variables T1 (n=749) T2 (n=750) T3 (n=751) P

Age, y 70.2±12.4 63.5±12.7 60.9±12.5 <.001
Males, n (%) 597 (79.7) 635 (84.7) 466 (62.1) <.001
Body mass index, kg/m2 23.6±3.5 24.4±3.2 24.2±3.3 <.001
Smoking, n (%) 404 (53.9) 468 (62.4) 348 (46.3) <.001
Drinking, n (%) 195 (26.0) 228 (30.4) 202 (26.9) .136
Hypertension, n (%) 432 (57.7) 351 (46.8) 355 (47.3) <.001
Diabetes, n (%) 210 (28.0) 165 (22.0) 154 (20.5) .001
SBP, mm Hg 125.1±25.9 127.8±22.8 131.3±22.2 <.001
DBP, mm Hg 75.1±16.1 78.6±15.3 81.3±15.3 <.001
Heart rate, /min 83.0±20.1 79.2±16.9 79.2±16.5 <.001
Killip class ≥2, n (%) 443 (59.1) 334 (44.5) 275 (36.6) <.001
LVEF, (%) 51.8±11.9 55.9±20.0 56.5±10.3 <.001
Laboratory findings
WBC, 109/L 9.5 (7.1,12.3) 9.2 (7.1,11.7) 8.7 (6.9,11.3) <.001
Hemoglobin, g/L 127 (111,141) 140 (127,150) 141 (126,151) <.001
Platelet count, 109/L 173 (137,220) 179 (140,225) 187 (148,223) .219
Fibrinogen, g/L 3.4 (2.6,4.6) 2.9 (2.4,3.7) 2.8 (2.3,3.3) <.001
D-dimer, mg/L 0.8 (0.4,2.0) 0.4 (0.2,0.8) 0.3 (0.2,0.5) <.001
Albumin, g/L 37.3±4.9 40.8±3.9 43.3±12.6 <.001
Blood glucose, mmol/L 7.9 (6.4,10.9) 7.4 (6.2,9.4) 7.5 (6.1,9.5) <.001
Creatinine, mmol/L 109.0 (94,128.5) 79.0 (74.0,85.6) 62.0 (55.0,68.0) <.001
BUN, mmol/L 7.7 (5.8,10.3) 5.4 (4.5,6.6) 4.9 (4.0,5.9) <.001
eGFR, mL/(min∗1.73m2) 53.2 (35.9,66.4) 84.8 (73.3,92.7) 98.2 (89.7,105.7) <.001
Triglycerides, mmol/L 1.3 (0.9,1.9) 1.4 (1.0,2.1) 1.5 (1.0,2.4) .002
Total cholesterol, mmol/L 4.0 (3.3,4.8) 4.4 (3.6,5.1) 4.5 (3.8,5.3) <.001
HDL, mmol/L 1.0 (0.8,1.2) 1.1 (0.9,1.3) 1.1 (0.9,1.3) <.001
LDL, mmol/L 2.4 (1.8,3.1) 2.7 (2.1,3.3) 2.8 (2.2,3.5) <.001
NT-proBNP, pg/mL 2387 (710,6423) 652 (161,1796) 341 (108,1106) <.001
cTnT, pg/mL 410 (35,2488) 241 (14,1369) 167 (14,1105) <.001
Creatinine kinase, IU/L 260 (104,848) 224 (97,889) 178 (84,749) .146
CK-MB, U/L 12 (3,56) 14 (3,71) 14 (2,59) .185
sACR, g/mmol 0.32±0.10 0.51±0.04 0.72±0.22 <.001

Culprit vessels
Left main, n (%) 24 (3.2) 7 (0.9) 8 (1.1) .001
LAD, n (%) 311 (41.5) 361 (48.1) 343 (45.7) .034
Left circumflex, n (%) 217 (29.0) 215 (28.7) 223 (29.7) .904
RCA, n (%) 197 (26.3) 167 (22.3) 177 (23.6) .175
Multiple vessels narrowed, n (%) 113 (15.1) 77 (10.3) 69 (9.2) .001

Risk score
GRACE score 161.1±45.5 137.1±38.8 132.2±37.0 <.001
Gensini score 69 (40-102) 57 (31–92) 55 (30–88) <.001

AMI= acute myocardial infarction, BUN=blood urea nitrogen, CK-MB= creatinine kinase-myocardial band isoenzyme, cTnT= cardiac troponin T, DBP=diastolic blood pressure, eGFR= estimated glomerular
filtration rate (eGFR), GRACE score=Global registry of Acute Coronary Events score, HDL=high-density lipoprotein, LAD= left anterior descending, LDL= low-density lipoprotein, LVEF= left ventricular ejection
fraction, NT-proBNP=N-terminal pro-brain natriuretic peptide, RCA= right coronary artery, sACR= serum albumin to creatinine ratio, SBP= systolic blood pressure, WBC=white blood cell count.
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multiple-vessel stenosis and baseline GRACE and Gensini scores
compared with those in the higher sACR tertile groups (Table 1).
3.2. sACR level and clinical outcome

Patients with a high sACR had lower in-hospital risks of all-cause
mortality, cardiac death, and other adverse outcomes than those
with a low sACR. During the follow-up period, patients with a
low sACR had increased all-cause mortality, cardiac death, and
other adverse outcomes compared with those with a high sACR
(Table 2). Kaplan–Meier analysis revealed that patients with a
low sACR had poorer cumulative survival than those with a high
sACR regardless of all-cause and cardiac mortality (Fig. 2,
P< .001 for both). After adjusting for confounding factors, Cox
regression analysis revealed that a decreased sACR was an
4

independent predictor of all-cause mortality (T2 vs T1: HR,
0.550; 95% CI, 0.348–0.867; P= .010 and T3 vs T1: HR, 0.305;
95%CI, 0.165–0.561; P< .001) and cardiac mortality (T2 vs T1:
HR, 0.536; 95% CI, 0.332–0.866; P= .011 and T3 vs T1: HR,
0.309; 95% CI, 0.164–0.582; P< .001; Table 3).

3.3. Predictive value of sACR

The area under the curve (AUC) generated byROC curve analysis
showed that the sACRwas superior to both the Gensini score and
cardiac troponin T (cTnT) in predicting all-cause mortality
(Fig. 3A, both P< .05). The AUCs of all-cause mortality for the
sACR and GRACE score did not differ significantly (P> .05).
ROC curve analysis revealed that combining the sACR and
GRACE score was more predictive of mortality than the GRACE



Table 2

Clinical adverse outcomes of sACR groups in AMI patients.

Outcomes T1 (n=749) T2 (n=750) T3 (n=751) P

In-hospital clinical outcomes, n (%)
In-hospital adverse outcomes
All-cause mortality 73 (9.7) 22 (2.9) 10 (1.3) <.001
Cardiac death 72 (9.6) 21 (2.8) 9 (1.2) <.001
Myocardial (re)infarction 6 (0.8) 1 (0.1) 0 (0.0) .012
Stroke 22 (2.9) 2 (0.3) 2 (0.3) <.001
Cardiogenic shock 18 (2.4) 3 (0.4) 2 (0.3) <.001
Acute heart failure 19 (2.5) 4 (0.5) 4 (0.5) <.001
Malignant arrhythmia 22 (2.9) 7 (0.9) 6 (0.8) .001

Other clinical outcomes
Bleeding 10 (1.3) 8 (1.1) 5 (0.7) .431
Acute kidney injury 13 (1.7) 1 (0.1) 1 (0.1) <.001
Length of stay, d 5 (3–8) 4 (3–5) 3 (3–5) <.001

Clinical outcomes during follow-up, n (%)
All-cause mortality 151 (20.2) 53 (7.1) 25 (3.3) <.001
Cardiac death 143 (19.1) 49 (6.5) 22 (2.9) <.001
Stroke 15 (2) 2 (0.3) 1 (0.1) <.001
Readmission 74 (9.9) 44 (5.9) 37 (4.9) <.001

AMI= acute myocardial infarction, sACR= serum albumin to creatinine ratio.
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Figure 2. Kaplan–Meier survival curve of all-cause death and cardiac death for AMI patients by sACR. AUC=area under curve, CI=confidence interval, cTnT=
cardiac troponin T.

Table 3

Cox regression analysis regarding correlations between clinical outcomes and sACR.

Variables T2 vs T1 HR (95% CI) P T3 vs T1 HR (95% CI) P

All-cause death
Unadjusted 0.331 (0.242–0.453) <.001 0.152 (0.100–0.233) <.001
Adjusted 0.550 (0.348–0.867) .010 0.305 (0.165–0.561) <.001

Cardiac death
Unadjusted 0.324 (0.234–0.448) <.001 0.142 (0.091–0.222) <.001
Adjusted 0.536 (0.332–0.866) .011 0.309 (0.164–0.582) <.001

Risk factors adjusted by age, sex, hypertention, Killip class, type 2 diabetes mellitus, cardiac troponin T, left ventricular ejection fraction, GRACE, and Gensini scores.
CI= confidence interval, HR=hazard ratio, sACR= serum albumin to creatinine ratio.
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0.743           0.706 - 0.780      <0.001

0.564           0.520 - 0.609      0.002

0.615            0.567 - 0.663     <0.001

AUC             95% CI          P

*

*

*

0.5 0.6 0.7 0.8 0.9 1.0

Gensini score

cTnT

sACR

GRACE score

GRACE score plus sACR

Variables

0.791         0.759 - 0.823      <0.001

0.738           0.701 - 0.775      <0.001

0.739           0.704 - 0.775      <0.001

0.563           0.520 - 0.605      0.022

0.617            0.570 - 0.663     <0.001

AUC             95% CI          P

*

*

*

Cardiac death 

All-cause death

A

B

#

#

Figure 3. Area under the receiver operating characteristic curve of the sACR and other risk factors and scores. GRACE score=Global registry of Acute Coronary
Events score, sACR=serum albumin-to-creatinine ratio, sACR=serum albumin-to-creatinine ratio.

∗
Compared with AUC of sACR, the difference is significant

(P< .05). †Compared GRACE score and sACR with GRACE score of AUC is significant (P< .05).
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score alone (AUC, 0.791 vs 0.738; P= .002). Using 10% and
15% as arbitrary thresholds to define patients at low, medium,
and high risk of mortality, the sACR achieved an NRI of 0.14
(95%CI, 0.07–0.20; P< .001; Table 4). ROC curve analysis also
Table 4

Reclassification across pre-defined risk thresholds in the validation
developed in the derivation cohort.

GRACE score < 10% 10–1

Patients without death
< 10% 1301 (64.4) 71 (
10–15% 150 (7.4) 74 (
>15% 42 (2.1) 62 (
All 1493 (73.9) 207 (

Patients with death
< 10% 52 (22.7) 17 (
10–15% 4 (1.7) 15 (
>15% 2 (0.9) 10 (
All 58 (25.3) 42 (

The number (percentage) of patients in each risk category is shown. Patients were divided into subgroup
P< .001).
NRI=net reclassification improvement.

6

showed that the sACR was superior to the Gensini score and
cTnT and similar to the GRACE score in predicting cardiac
mortality. However, the sACR improved the prognostic value of
the GRACE score (Fig. 3B).
cohort using the algorithm for GRACE score adjustment by sACR

GRACE score adjusted by sACR

5% >15% All

3.5) 39 (1.9) 1411 (69.8)
3.7) 58 (2.9) 282 (14.0)
3.1) 224 (11.1) 328 (16.2)
10.2) 321 (15.9) 2021 (100)

NRI=0.04

7.4) 10 (4.4) 79 (34.5)
6.6) 11 (4.8) 30 (13.1)
4.4) 108 (47.2) 120 (52.4)
18.3) 129 (56.3) 229 (100)

NRI=0.10

s who did or did not die during follow-up. Total category-based NRI was 0.14 (95% CI: 0.07–0.20;



Table 5

Kaplan–Meier survival analysis of mortality in AMI patients.

Subgroup
HR (95% CI)
T2 vs T1 P

HR (95% CI)
T3 vs T1 P

Gender
Male 0.313 (0.214–0.458) <.001 0.186 (0.110–0.316) <.001
Female 0.450 (0.259–0.780) .004 0.087 (0.043–0.178) <.001

Age, y
≦65 0.321 (0.172–0.598) <.001 0.222 (0.114–0.432) <.001
>65 0.443 (0.307–0.640) <.001 0.173 (0.096–0.313) <.001

BMI, kg/m2

≦24 0.422 (0.271–0.657) <.001 0.193 (0.111–0.335) <.001
>24 0.228 (0.108–0.478) <.001 0.127 (0.049–0.327) <.001

SBP, mm Hg
≦127 0.310 (0.207–0.464) <.001 0.161 (0.092–0.282) <.001
> 127 0.378 (0.230–0.622) <.001 0.157 (0.082–0.301) <.001

DBP, mm Hg
≦77 0.299 (0.191–0.468) <.001 0.181 (0.101–0.323) <.001
>77 0.367 (0.235–0.573) <.001 0.132 (0.071–0.246) <.001

Heart rate, /min
≦78 0.424 (0.250–0.717) .001 0.232 (0.122–0.442) <.001
>78 0.311 (0.210–0.461) <.001 0.128 (0.072–0.227) <.001

WBC, 109/L
≦9 0.384 (0.232–0.636) <.001 0.127 (0.061–0.267) <.001
>9 0.308 (0.206–0.460) <.001 0.177 (0.106–0.297) <.001

Platelet count, 109/L
≦180 0.298 (0.190–0.469) <.001 0.179 (0.100–0.320) <.001
>180 0.382 (0.246–0.593) <.001 0.137 (0.074–0.255) <.001

Hemoglobin, g/L
≦137 0.462 (0.313–0.682) <.001 0.243 (0.146–0.406) <.001
>137 0.244 (0.143–0.418) <.001 0.090 (0.042–0.193) <.001

Troponin T, pg/mL
≦247 0.320 (0.171–0.601) <.001 0.158 (0.074–0.339) <.001
>247 0.385 (0.181–0.819) .013 0.237 (0.095–0.587) .002

NT-proBNP, pg/mL
≦813 0.646 (0.262–1.593) .343 0.425 (0.168–1.077) .071
>813 0.415 (0.257–0.669) <.001 0.259 (0.137–0.489) <.001

Urine protein
Positive 0.484 (0.286–0.817) .007 0.102 (0.032–0.325) <.001
Negative 0.282 (0.112–0.711) .007 0.217 (0.086–0.546) .001

Killip class
I 0.388 (0.211–0.712) .002 0.145 (0.064–0.331) <.001
II-IV 0.372 (0.256–0.541) <.001 0.206 (0.124–0.342) <.001

GRACE score
≦142 0.300 (0.163–0.550) <.001 0.164 (0.080–0.335) <.001
>142 0.448 (0.310–0.647) <.001 0.220 (0.128–0.376) <.001

AMI type
STEMI 0.317 (0.218–0.462) <.001 0.137 (0.079–0.235) <.001
NSTEMI 0.361 (0.205–0.635) <.001 0.186 (0.094–0.368) <.001

AMI= acute myocardial infarction, BMI=body mass index, CI= confidence interval, DBP=diastolic blood pressure, GRACE score=Global registry of Acute Coronary Events score, HR=hazard ratio, NSTEMI=
non-ST elevation myocardial infarction, SBP= systolic blood pressure, STEMI=ST-elevation myocardial infarction, WBC=white blood cell.
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3.4. Subgroup analysis

Cox regression analysis revealed that a decreased sACR was
independently associated with all-cause mortality in patients with
AMI in subgroups based on different levels of sex, age, BMI, SBP,
DBP, heart rate, WBC, platelet count, hemoglobin, cTnT, NT-
proBNP, urine protein, Killip class, GRACE score, and AMI type
(Table 5).

4. Discussion

In this study, we evaluated the prognostic value of sACR in
predicting adverse outcomes in patients with AMI undergoing
7

PCI. A low sACR was associated with increased risks of all-cause
mortality and adverse outcomes compared with a high sACR,
with a gradual dose–response association. A low sACR
independently predicted a poor prognosis. The sACR improved
the prognostic value of the GRACE score for stratifying high-risk
patients with AMI on admission to the ED. The sACRwas shown
to be useful as a biomarker for risk stratification of patients with
early-phase AMI in the ED.
Inflammation and thrombosis are involved in the occurrence

and development of AMI.[16] Results of previous studies have
found that the thrombo-inflammatory status reflects the severity
of AMI and that a thrombo-inflammatory prognostic system is
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more predictive than a single inflammatory or thrombotic
marker.[5,6,17] SA is a negatively charged plasma protein with
antioxidant functions that can signal inflammatory regulatory
changes in cells that is dependent on their redox state.[18–20]

Results of previous studies revealed that decreased synthesis and
increased catabolism of SA were associated with inflammation
and that SA inhibited platelet activation and aggregation and was
a mediator of platelet-induced AMI[21,22] and can predict adverse
outcomes of patients with AMI.
Hypoalbuminemia has been associated with an increased risk

of both in-hospital and long-term adverse outcomes in patients
with acute aortic dissection or AMI admitted to the ED.[5–
7,10,11,23] Decreased SA levels have also been associated with the
development of cardiac insufficiency in patients with AMI who
undergo primary PCI, and a continuing decrease in SA levels in
patients with heart failure is correlated with poor prognosis. In a
previous study, SA level was particularly noteworthy as an
indicator for frailty that was associated with adverse outcomes.
Man et al[24] reported a 2- to 5-fold higher risk of in-hospital,
short-, and long-term mortality in elderly patients with acute
coronary syndrome. Changes in SA levels have also been
associated with changes in cachectic factors.[25–27] SA levels
together with scores of indexes such as the inflammation-based
Glasgow prognostic score and prognostic nutritional index can
be used to stratify high-risk patients with early-phase AMI in the
ED.[5,28] Finally, a reduction in the levels of SA to a normal level
has been associated with an increased incidence of cardiovascular
diseases.[29] In this study, the SA level was associatedwith adverse
outcomes, but the prognostic value was limited, and a more
accurate biomarker is needed for early evaluation of patients with
AMI in the ED.
Early multiple organ damage is a known predictor of in-

hospital and long-term mortality in patients with AMI, and AKI
commonly occurs in patients with AMI.[30,31] Patients with AMI
having AKI have a 3- to 5.28-fold higher mortality risk than those
without AKI.[30,32] sCr is a biomarker of AKI, and the initial sCr
levels and daily changes in sCr levels are predictive of in-hospital
mortality in patients with or without AMI.[33,34] Elevated sCr
levels have also been associated with peripheral endothelial
function dysfunction, and an increase in the sCr levels within the
normal range has been independently associated with cardiovas-
cular disease risk in patients without metabolic syndrome.[35,36]

Therefore, sCr, a biomarker of AKI, might reflect the severity of
AMI and facilitate the stratification of high-risk patients with
early-phase AMI.
The uACR is associated with renal function damage,

cardiovascular disease, subclinical hypothyroidism, etc.[37] It
reflects the pathophysiological changes that occur during AMI,
reflecting both the severity of inflammation and degree of heart
failure. Patients with higher uACR have a 3.6- to 4.9-fold
increased risk of mortality.[14] The sACR can be used as a simple
marker of thrombo-inflammatory status and AKI.
In this study, we found that the sACR had a higher prognostic

value than the SA and sCr levels and the TIMI score and that it
had a gradual dose–response association with mortality. The
ability of the sACR (AUC: 0.739) in predicting all-cause
mortality was similar to that of the GRACE score (AUC:
0.738). However, determining the GRACE score involves the use
of a computer or calculator to calculate the total score outcomes,
which includes age, heart rate, SBP, Killip class, cardiac arrest,
ST-segment deviation, and abnormal cardiac enzymes and is thus
not suitable for use in the ED. Fortunately, the popularization of
8

smartphone apps minimizes these drawbacks. On the contrary,
the GRACE score does not include markers of pathophysiologi-
cal status. Thus, the ability of the sACR to predict cardiac death is
inferior to that of the GRACE score. Previous studies have
reported that some potential inflammation-related risk factors
could improve the predictive ability of the GRACE scoring
system in terms of major adverse cardiac events or mortality.[38]

For the first time, we combined the sACR and GRACE score to
predict adverse outcomes in patients with AMI; the results
showed that the sACR could significantly improve the prognostic
value of the GRACE score.
In addition to clinical factors, we identified differences between

the genders in several demographic factors. The difference in
mortality rates between women and men is currently disputed;
most studies report higher mortality rates for women, whereas
others report higher mortality rates for men or nonsignificant
differences.[39,40] After adjusting for age, the mortality rate
between men and women was not significantly different. A
previous study had demonstrated differences between the genders
in the interaction of the risk scores on post-ACS prognosis such as
Killip class and TIMI score.[41] In the present study, the sACR
was effective in predicting mortality for both women and men,
but women had a higher risk of mortality than men in group T2
and a lower risk of mortality than men in group T3. This study
focused on the correlation between the degree of sACR elevation
and mortality. The specific differences between the genders need
to further studied, with a focus on developing new specific scores.
Other subgroup analyses indicated that the prognostic value of
the sACR was stable in patients with different levels of
cardiovascular risk factors. The sACR improved the prognostic
value of widely used scoring systems for stratifying high-risk
patients with early-phase AMI in the ED.
4.1. Limitations

This study has limitations. First, this was a retrospective study,
and a large, prospective, multicenter study is needed to confirm
the findings. Second, changes in the sACR during hospitalization
and its association with adverse outcomes could not be
investigated. Third, immune function, platelet activity, and
thrombosis data to confirm the relationship between the sACR
and inflammatory and thrombotic status could not be collected.
Fourth, eGFR was not measured directly but was estimated.
Finally, the time needed to determine the sACR after ED
admission was unknown.
5. Conclusion

The sACR was found to be an independent prognostic marker in
patients with AMI on admission to the ED regardless of the
severity of AKI and thrombo-inflammatory status. When used in
combination, the sACR improved the prognostic value of the
GRACE score. The sACR is a useful marker for early risk
stratification of patients with AMI.t
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