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Purpose: Chronic kidney disease (CKD) is common in patients admitted with acute 
coronary syndrome (ACS), and it is associated with poor outcomes. However, data are 
limited. Hence, we examined the long-term prognostic significance of estimated glomerular 
filtration rate (eGFR) among Chinese patients hospitalized with ACS.
Patients and Methods: This is a multicenter, observational study that included 1860 ACS 
patients enrolled between March 2014 and June 2019 from 11 hospitals in Chengdu. CKD- 
EPI equation was used to calculate the baseline eGFR. Patients were divided into three 
groups: eGFR ≥ 90 mL/min (normal renal function), eGFR 60 to <90 mL/min (mild impaired 
renal function), and eGFR < 60 mL/min (moderate or severe renal dysfunction). The end-
point was all-cause death during follow-up.
Results: At baseline, 714 patients had normal renal function, while 746 patients had mild 
impaired renal function, and 400 patients had moderate or severe renal dysfunction. In the 
follow-up of 15 months (10 months, 22 months), 261 (14.0%) patients died;, 139 (34.8%) in the 
moderate or severe renal dysfunction group, 94 (12.6%) in the mild impaired renal function 
group, and 28 (3.9%) in the normal renal function group (log-rank p-value from Kaplan–Meier 
analysis <0.001). In multivariable Cox Proportional hazard analysis, age, systolic blood pressure 
(SBP), heart rate, eGFR, ST-elevation myocardial infarction (STEMI), and percutaneous cor-
onary intervention (PCI) were independent predictors of all-cause death.
Conclusion: In this study, among Chinese patients with ACS, renal insufficiency was 
associated with unfavorable long-term prognosis. Age, SBP, heart rate, eGFR, STEMI, and 
PCI could identify those at risk.
Keywords: renal insufficiency, acute coronary syndrome, long-term prognosis, retrospective 
study

Introduction
Acute coronary syndrome (ACS) is one of the leading causes of cardiovascular 
disease (CVD) deaths.1 Despite advances in management, the morbidity and mor-
tality of ACS still remain high. According to the recent American Heart 
Association’s Heart Disease and Stroke Statistics Update,2 the number of in- 
patients diagnosed with ACS in the United States reached 1,045,000 in 2016. 
And the data on 2363 hospitals in 2018 from the Centers for Medicare & 
Medicaid Services Hospital Inpatient Quality Reporting Program has shown that 
the average 30-day mortality after acute myocardial infarction (AMI) was 13.6%, 
with higher mortality observed in rural hospitals (from 13.4% to 13.8% for the most 
urban to most rural hospitals). A nationwide study of Danish in 2020 showed the 
crude cumulative 1-year incidence of all-cause mortality was 15.9% for patients 
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with ACS.3 Meanwhile, the morbidity of ACS keeps rising 
in China, along with the increasing overall mortality of 
AMI from 2002 to 2018.4

Chronic kidney disease (CKD) is one of the major risk 
factors for CVD. The Global Burden of Disease, Injuries, 
and Risk Factors Study showed that the global all-age 
prevalence of CKD has increased by 29.3% from 1990 to 
2017.5 In 2012, a cross-sectional survey showed the over-
all prevalence of CKD was 10.8% in China; therefore, the 
number of patients with CKD is estimated to be about 
119.5 million.6 Additionally, previous study showed that 
up to 29.0% of ACS patients are complicated with chronic 
kidney disease (CKD).7 On the other hand, renal dysfunc-
tion is one of the main risk factors for adverse outcomes in 
ACS.8–10 Similarly, CVD is a leading cause of death in 
CKD patients.11,12 The two diseases are tightly linked and 
progression of either leads to worse of the other in 
a vicious cycle.

However, a few studies examined the long-term prog-
nosis among Chinese ACS patients with renal insuffi-
ciency. And the prevalence of CKD was high southwest 
(18.3% [16.4–20.4]) region compared with other regions.6 

Therefore, this study sought to investigate the impact of 
renal insufficiency – assessed by estimated glomerular 
filtration rate (eGFR) – on admission of the long-term 
prognosis of ACS patients in the southwestern region of 
China.

Patients and Methods
Study Design and Population
This is a multicenter, observational cohort study. We 
observed 1860 consecutive ACS patients admitted to 11 
general hospitals between January 2014 and June 2019 in 
Chengdu, China (http://www.medresman.org). The study 
is registered in the Chinese Clinical Trials Registry in 
China (ChiCTR1900025138). ACS was defined according 
to the current guidelines.13,14 The ACS definition included 
ST-segment elevation myocardial infarction (STEMI) and 
non-ST-segment elevation myocardial infarction 
(NSTEMI), and unstable angina (UA). NSTEMI and UA 
are referred to as non-ST-segment elevation acute coronary 
syndrome (NSTE-ACS). We excluded the following 
patients: 1) patients younger than 18 years of age; 2) 
patients with missing serum creatinine date on admis-
sion; 3) dialysis patients; 4) patients with severe liver 
failure, severe brain disease, severe valvular heart disease, 

severe or decompensated heart failure, or terminal malig-
nant tumor.

Serum creatinine (Scr) was measured on admission. 
Chronic kidney disease epidemiology collaboration (CKD- 
EPI) Scr formula15 was used to calculate eGFR at admis-
sion. Patients were divided into three groups according to 
baseline renal function defined by admission eGFR values: 
Group A: eGFR ≥ 90 mL/min (normal renal function); 
Group B: eGFR 60 to <90 mL/min (mild impaired renal 
function); Group C: eGFR < 60 mL/min (moderate or 
severe renal dysfunction).

CKD-EPI Scr formula: GFR = 141×min (Scr/κ, 1)α×max 
(Scr/κ, 1)−1.209×0.993Age×1.018 [if female] ×1.159 [if black]. 
Scr is serum creatinine; κ is 0.7 for females and 0.9 for males; 
α is −0.329 for females and −0.411 for males; min indicates 
the minimum of Scr/κ or 1; and max indicates the maximum 
of Scr/κ or 1.

Endpoint and Follow-Up
The endpoint was all-cause death during follow-up after 
discharge. Patients were followed up at outpatient clinics 
or using a telephone questionnaire at the date of discharge, 
then at 1, 6, and 12 months later, then annually after that. 
Follow-up methods included outpatient follow-up, rehos-
pitalization, and telephone follow-up. Information about 
death was obtained from hospital records or via contact 
with the patients’ guardians. Trained physicians collected 
the baseline and follow-up data.

Statistical Analysis
The SPSS software version 26.0 was used in the statistical 
analysis. Baseline demographics and clinical characteris-
tics were compared among various eGFR levels. 
Categorical variables were presented as counts and per-
centages, and chi-square test was used for comparison 
among groups. Continuous variables of the normal distri-
bution were presented as means ± standard deviation, and 
One-way ANOVA was used for comparison among 
groups. Continuous variables of non-normal distribution 
were presented as median [interquartile range (IQR)], 
using Kruskal–Wallis H-test for comparisons among 
groups. The cumulative event rate was determined by 
Kaplan–Meier analysis with the Log rank test. A Cox 
proportional hazards model was used to determine inde-
pendent predictors of the time-to-event (death), and to 
calculate hazard ratios (HRs) with 95% confidence inter-
vals (CIs). By examining the relationships between the 
eGFR and death, we adjusted for variables that were 
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different among eGFR levels (using p-value <0.1) and 
variables of known prognostic importance. These variables 
included age, gender, hypertension, diabetes, current 
smoking, prior history of coronary artery disease (CAD), 
prior history of chronic obstructive pulmonary disease 
(COPD), chest pain/distress, heart rate, systolic blood 
pressure (SBP), hemoglobin, STEMI vs NSTE-ACS, mul-
tiple coronary artery lesions, and percutaneous coronary 
intervention (PCI).

A two-sided p-value <0.05 was considered statistically 
significant in all analyses. GraphPad Prism version 8.0 was 
used to draw figures.

Results
Clinical Characteristics
A total of 1860 ACS patients were included in the study, 
among which the mean age was 65.6±13.9 years and 
71.2% (1342/1860) were male. Mild impaired renal func-
tion was present in 746 patients (40.1%), whereas 400 
patients (21.5%) had moderate or severe dysfunction. 
During the follow of 15 months (10 months, 22 months), 
261 (14.0%) all-cause deaths were observed, of which 139 
(34.8%) occurred in patients with moderate or severe renal 
dysfunction, 94 (12.6%) in mild impaired renal function, 
and 28 (3.9%) normal renal function.

The baseline characteristics of the three groups are 
shown in Table 1.

Generally, patients with lower eGFR generally had 
a worse cardiovascular risk profile (Table 1). Compared 
to other groups, patients with moderate or severe renal 
dysfunction were more likely to be older, with a higher 
prevalence of hypertension, diabetes, CAD, COPD, stroke/ 
transient ischemic attack (TIA), cardiogenic shock, multi-
vessel CAD, and calcified lesions (p-value <0.05). 
However, smoking and chest pain/chest distress were less 
in this group (p-value <0.05). Notably, the proportion of 
patients with moderate or severe renal function undergoing 
PCI was lower than in the other two groups (p-value 
<0.05). Nevertheless, there was no significant difference 
among the three groups regarding the history of myocar-
dial infarction (MI), PCI, peripheral artery disease, or 
hospital admission. In-hospital mortality among patients 
with moderate or severe renal dysfunction was signifi-
cantly higher than in the other two groups (18.0% vs 
5.8% vs 2.1%, p-value <0.001).

The angiotensin converting enzyme inhibitor (ACEI)/ 
angiotensin receptor blocker (ARB) utilization rate in the 

moderate or severe renal dysfunction group was slightly 
lower (p-value <0.05), but the utilization of diuretics was 
significantly higher than in the other two groups (p-value 
<0.001). On the other hand, there was no significant dif-
ference in the utilization rate of antiplatelet agents, dual 
antiplatelet agents, statins, beta-blockers, and proton pump 
inhibitors (PPIs) among the three groups (p-value >0.05).

Clinical Outcome
The Kaplan–Meier survival curves showed that patients 
with a worse eGFR level had significantly higher rates of 
all-cause mortality (p-value <0.001, Figure 1). The all- 
cause mortality rates for moderate or severe renal dysfunc-
tion group and mild impaired renal function were 38.9% 
and 13.6%, respectively, significantly higher than that in 
the normal renal function group (5.6%) (p-value <0.001).

In multivariable Cox regression hazard analysis in 
which eGFR was introduced as a categorical variable, 
age, SBP, heart rate, renal function levels, STEMI, and 
PCI were independently associated with all-cause death. 
On the other hand, when eGFR was introduced as 
a continuous variable, the independent predictors of all- 
cause death were age, SBP, heart rate, eGFR, STEMI and 
PCI (Table 2).

In subgroup analysis limited to STEMI patients, the 
all-cause mortality rate in the moderate or severe renal 
dysfunction group was significantly higher than the other 
two groups (39.5% vs 16.1% vs 5.0%, moderate or severe 
renal dysfunction vs mild impaired renal function vs nor-
mal renal function, p-value <0.001). These results were 
consistent among patients with NSTE-ACS (29.2% vs 
8.6% vs 7.2%, moderate or severe renal dysfunction vs 
mild impaired renal function vs normal renal function, 
p-value <0.001). As shown in the Kaplan–Meier survival 
curves in patients diagnosed with STEMI (Figure 2A), 
cumulative all-cause mortality during the follow-up of 
moderate or severe renal dysfunction group, mild renal 
insufficiency group, and normal renal function group 
decreased in turn (p-value <0.001). In patients diagnosed 
with NSTE-ACS, the cumulative all-cause mortality dur-
ing follow-up of moderate or severe renal dysfunction 
group was significantly higher than in the other two groups 
(p-value <0.001, Figure 2B). The Cox regression analysis 
showed that for STEMI patients, the independent predic-
tors of all-cause death were age, SBP, heart rate, eGFR, 
and PCI. On the other hand, for NSTE-ACS patients, the 
independent predictors of all-cause death were age, SBP, 
heart rate, and eGFR (Table 3).
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Table 1 Baseline Characteristics

Characteristics eGFR p value

Total Normal 
(≥90 mL/min)

Mild (60 to 
<90 mL/min)

Moderate or Severe 
(<60 mL/min)

No. of patients-No.% 1860 714(38.4) 746(40.1) 400(21.5)

Age (yrs) 65.6±13.9 55.1±11.4 69.8±11.1 76.1±10.1 <0.001

Sex (Male) -No.% 1342(71.2) 566(79.3) 534(71.6) 242(60.5) <0.001

Current smoker-No.% 717(38.5) 351(49.3) 262(35.5) 104(26.2) <0.001

Medical history-No.%

History of hypertension 1056(56.8) 329(46.1) 447(59.9) 280(70.0) <0.001
History of diabetes 483(26.0) 152(21.3) 195(26.1) 136(34.0) <0.001

History of CAD 312(16.8) 95(13.4) 141(19.0) 76(19.0) 0.007

History of stroke or TIA 90(4.8) 14(2.0) 42(5.7) 34(8.5) <0.001
History of COPD 78(4.2) 8(1.1) 43(5.8) 27(6.8) <0.001

History of peripheral arterial diseases 16(0.9) 3(0.4) 7(0.9) 6(1.5) 0.169

Previous MI 97(5.2) 30(4.2) 43(5.8) 24(6.0) 0.311
Previous PCI 114(6.1) 36(5.1) 49(6.6) 29(7.3) 0.282

SBP (mmHg) 133±26 133±22 134±25 129±31 0.019

Heart rate (beats per min) 77(67, 90) 76(68, 89) 75(65, 88) 80(68, 94) <0.001

Cardiogenic shock-No.% 134(7.2) 21(3.0) 48(6.5) 65(16.4) <0.001

Admission by ambulance-No.% 146(7.8) 50(7.0) 53(7.1) 43(10.8) 0.052

Chest pain/ chest distress-No.% 1688(90.7) 674(97.0) 676(93.9) 338(87.8) <0.001

Diagnosis-No.%

STEMI 992(53.3) 379(53.1) 398(53.4) 215(53.8) <0.001

Hb (g/L) 133±21 141±18 132±19 120±23 <0.001

Coronary artery-No.%

Multi-vessel diseases 848(45.6) 299(41.9) 376(50.4) 173(43.3) 0.003

Calcified lesions 105(5.6) 18(2.6) 54(7.7) 26(7.9) <0.001

PCI-No.% 1100(59.1) 440(61.6) 471(63.1) 189(47.3) <0.001

Social benefit

Hospital stay (days) 8(6, 11) 8(6, 10) 9(7, 12) 9(5, 13) <0.001

Hospitalization cost (ten thousand yuan) 3.21(1.05, 4.47) 3.20(1.04, 4.25) 3.36(1.09, 4.69) 2.74(1.00, 4.56) 0.060

Medications at discharge-No.%

Antiplatelet agents 1558(90.1) 631(90.3) 633(90.0) 294(89.6) 0.950
Dual antiplatelet agents 1332(77.0) 543(77.7) 547(77.8) 242(73.8) 0.264

Statins 1540(89.0) 624(89.3) 625(88.9) 291(88.7) 0.397

ACEI/ARB 896(51.8) 349(49.9) 389(55.3) 158(48.2) 0.021
Beta-blockers 1101(63.6) 462(66.1) 443(63.0) 196(59.8) 0.061

PPIs 566(32.7) 226(32.3) 225(32.0) 115(35.1) 0.701

Diuretics 310(17.9) 69(9.9) 128(18.2) 113(34.5) <0.001

In-hospital mortality 130(7.0) 15(2.1) 43(5.8) 72(18.0) <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; CAD, coronary artery disease; TIA, transient ischemic attack; COPD, chronic obstructive pulmonary disease; 
MI, myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; STEMI, ST-segment elevation myocardial infarction; Hb, hemoglobin; PCI, 
percutaneous coronary intervention; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; PPIs, proton pump inhibitors.
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Discussion
This study demonstrated that renal insufficiency is an 
independent risk factor for all-cause mortality in Chinese 
patients with ACS. The magnitude of risk was proportion-
ate to the decline in renal function. The cumulative all- 
cause mortality in both moderate or severe renal 

dysfunction group and mild renal dysfunction group was 
significantly higher than those patients with normal kidney 
function (p-value <0.001). In addition, the proportion of 
ACS with renal insufficiency was 61.6% (21.5% for mod-
erate or severe renal dysfunction and 40.1% for mild 
impaired renal function). For such patients, we should 

Figure 1 Kaplan–Meier estimates of the rates of all-cause. Group A: ACS patients with normal renal function; Group B: ACS patients with mild impaired renal function; 
Group C: ACS patients with moderate or severe renal dysfunction. IRepresented censored data.

Table 2 Multivariable Cox Proportional Hazard Analyses for All-Cause Death in ACS Patients with Renal Insufficiency

eGFR as Categorical Variable eGFR as Continuous Variable

HR 95% CI p value HR 95% CI p value

Male 1.13 0.84–1.52 0.419 1.14 0.85–1.52 0.400

Age 1.05 1.03–1.06 <0.001 1.05 1.03–1.06 <0.001

Smoking 1.06 0.77–1.46 0.728 1.07 0.78–1.47 0.669
Hypertension 1.09 0.82–1.44 0.565 1.04 0.78–1.38 0.791

Diabetes 1.10 0.83–1.46 0.515 1.06 0.80–1.40 0.702

Prior CAD 1.12 0.80–1.56 0.525 1.14 0.82–1.60 0.433
Prior COPD 0.98 0.59–1.62 0.928 0.98 0.59–1.62 0.933

Chest pain/ chest distress 0.71 0.48–1.03 0.070 0.79 0.54–1.15 0.219

Heart rate 1.01 1.01–1.02 <0.001 1.01 1.01–1.02 <0.001
SBP 0.99 0.98–0.99 <0.001 0.99 0.98–0.99 <0.001

Hb 1.00 0.99–1.00 0.496 1.00 0.99–1.01 0.939

eGFR <0.001 0.98 0.98–0.99 <0.001
eGFR≥90 – – –

60≤eGFR<90 1.57 0.96–2.57 0.071

eGFR<60 2.72 1.62–4.57 <0.001
STEMI 1.73 1.29–2.34 <0.001 1.71 1.26–2.30 <0.001

Multi-vessel diseases 1.10 0.81–1.49 0.564 1.34 0.83–1.55 0.423

PCI 0.52 0.37–0.72 <0.001 0.52 0.37–0.72 <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; Hb, 
hemoglobin; STEMI, ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention.
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take active treatment and perioperative management to 
improve their prognosis.

In the past decades, the prognosis of ACS patients has 
improved significantly; however, the prognosis of ACS 
patients with renal insufficiency is still poor. Data from 
the Global Registry of Acute Coronary Events registry 
showed that in-hospital mortality of STEMI patients with 
eGFR < 30 mL/min/1.73 m2 was up to 29.2%.16 In another 
large study, the Harmonizing Outcomes With 
Revascularization and Stents in Acute Myocardial 
Infarction trial, the 1-year all-cause mortality of STEMI 
patients with GFR < 30 mL/min/1.73m2 was 36.5%.17 We 
found that during the follow-up period, all-cause mortality 

rate in the moderate or severe renal dysfunction group was 
38.9%, which was significantly higher than the normal 
renal function group (5.6%). Moreover, the all-cause mor-
tality rate in the mild renal dysfunction group (13.6%) was 
also higher than the normal renal function group. ACS 
patients with mild renal insufficiency have a relatively 
poor long-term prognosis; however, they have not received 
enough attention.

There are several possible mechanisms for poor prog-
nosis in ACS patients with renal insufficiency. Patients with 
reduced eGFR are often associated with various cardiovas-
cular risk factors, including elderly, hypertension, diabetes, 
dyslipidemia, hyperhomocysteinemia and oxidative stress. 

Figure 2 (A) The cumulative rate of all-cause death in STEMI patients with renal insufficiency. (B) The cumulative rate of all-cause death in NSTE-ACS patients with renal 
insufficiency. IRepresented censored data.

Table 3 Multivariable Cox Proportional Hazard Analyses for All-Cause Death in STEMI Patients and NSTEMI Patients

STEMI NSTE-ACS

HR 95% CI p value HR 95% CI p value

Male 1.45 0.99–2.11 0.056 0.77 0.47–1.25 0.281

Age 1.05 1.03–1.06 <0.001 1.05 1.03–1.08 <0.001
Smoking 1.17 0.78–1.75 0.461 0.89 0.52–1.52 0.667

Hypertension 1.19 0.84–1.68 0.337 0.78 0.48–1.27 0.324

Diabetes 1.13 0.79–1.63 0.504 0.91 0.57–1.45 0.681
Prior CAD 1.31 0.81–2.10 0.270 0.93 0.58–1.50 0.774

Prior COPD 0.99 0.48–2.06 0.979 0.94 0.46–1.92 0.870

Chest pain/ chest distress 0.78 0.47–1.30 0.339 0.85 0.46–1.55 0.588
Heart rate 1.01 1.00–1.02 0.006 1.01 1.00–1.02 0.005

SBP 0.99 0.98–1.00 0.001 0.99 0.98–0.99 0.001

Hb 1.00 0.99–1.01 0.943 1.00 0.99–1.01 0.814
eGFR 0.99 0.98–1.00 0.004 0.98 0.97–0.99 <0.001

Multi-vessel diseases 1.14 0.78–1.67 0.487 1.04 0.59–1.84 0.892

PCI 0.44 0.30–0.65 <0.001 0.76 0.42–1.36 0.350

Abbreviations: STEMI, ST-segment elevation myocardial infarction; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; CAD, coronary artery disease; COPD, 
chronic obstructive pulmonary disease; SBP, systolic blood pressure; Hb, hemoglobin; eGFR, estimated glomerular filtration rate; PCI, percutaneous coronary intervention.
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These risk factors could accelerate the process of athero-
sclerosis and increase the risk of thrombosis.18 Also, patients 
with lower eGFR often have anemia and erythropoietin 
resistance, malnutrition, abnormal calcium and phosphorus 
metabolism, sodium and volume overload, endothelial dys-
function associated with urotoxin, LDL oxidation, and 
smooth muscle cell proliferation induced by oxidative 
stress.19,20 These adverse factors interact with each other 
gradually to form a vicious circle, which can accelerate 
coronary atherosclerosis, cardiac remodeling with left ven-
tricular hypertrophy, and further lead to decreased coronary 
perfusion and left ventricular systolic and diastolic 
dysfunction.21 Furthermore, the decline in eGFR is closely 
related to the systemic inflammatory state.22 The increase in 
inflammatory factors in patients with renal insufficiency 
could lead to an increased risk of CVD event.23 Some studies 
have also indicated that ACS patients with CKD are less 
likely to receive evidence-based treatment, including early 
interventional therapy.24,25 This could be complicated by the 
fact that ACS symptoms in patients with chronic kidney 
disease may be atypical, delaying diagnosis and leading to 
adverse outcomes.26

On the other hand, the poor prognosis of ACS patients 
with renal insufficiency may be due to the proportion of 
patients with moderate or severe renal dysfunction receiv-
ing PCI was low, while the proportion of STEMI was not 
significantly different from the other two groups. This 
finding is consistent with previous studies.25,27 Large ran-
domized clinical trials cited in ACS guidelines often 
exclude patients with renal insufficiency, resulting in 
insufficient evidence. In addition, compared with ACS 
patients with normal renal function, ACS patients with 
renal insufficiency have more serious, complex, and cal-
cified coronary artery lesions, as well as more multi- 
vessel lesions.28 Thus, the operation is more difficult in 
this portion of patients, but with higher risk and lower 
success rate. Simultaneously, patients with renal insuffi-
ciency are more prone to hemorrhage, contrast-induced 
nephropathy and aggravation of renal failure after PCI 
treatment.29,30 A higher rate of stent thrombosis also 
results in a low rate of PCI in patients with renal 
insufficiency.31 We also found that the utilization rate of 
taking guideline-based drugs for discharged ACS patients, 
especially for dual antiplatelet agents and ACEI/ARB, 
was relatively low. This reflected a matter of fact that 
less frequent utilization of guideline-based cardiovascular 
medications between 2014 and 2019, consistent with pre-
vious studies.32,33 Concern about an increased incidence 

of adverse drug reactions in patients with renal insuffi-
ciency may also result in the less frequent utilization. 
However, a series of clinical studies have proved that 
ACS patients with renal insufficiency can also benefit 
from evidence-based medicine and invasive 
treatment.18,34 Therefore, current guidelines recom-
mended the same treatment for these patients as for 
patients with normal renal function, except from minor 
dose adjustments.35–37 ACS high-risk patients should 
actively follow the guidelines for coronary angiography, 
STEMI patients should follow the guidelines for reperfu-
sion therapy. Regarding this portion of patients, physi-
cians may adopt a more active treatment strategy.

Our study has some strengths. Although the effect of 
renal function on the prognosis of ACS patients has been 
well documented, the patients enrolled were mainly with 
moderate or severe renal dysfunction, or with CKD. 
Limited studies focus on the patients with mild renal 
dysfunction. Furthermore, similar studies were seldom 
conducted in Asian populations or with just a short follow- 
up period.38 Our study was a multicenter study with ACS 
patients enrolled from 11 hospitals in Chengdu, who were 
followed for a long time. Noteworthy, in our analysis, we 
used the CKD-EPI formula proposed by the Chronic 
Kidney Disease Epidemiology Collaboration. CKD-EPI 
has a higher accuracy than Cockcroft–Gault formula and 
MDRD formula, and it can better predict the risk of CVD 
and cerebrovascular diseases.

Our study has several limitations. First, this is 
a retrospective study, where the sample size is relatively 
small, which may lead to data bias. Second, previous 
serum creatinine levels were not available to us, and there-
fore some patients may have presented with acute rather 
than chronic kidney disease. In addition, most patients 
only measured serum creatinine on admission, and there-
fore we do not know the dynamic changes of serum 
creatinine level in patients. However, in real-world studies, 
it is difficult to measure each patient in a large sample 
more than once during hospitalization. Furthermore, some 
patients were followed up for a short time because the time 
of admission was inconsistent.

Conclusion
In this study, among Chinese patients, the long-term prog-
nosis of ACS patients with renal insufficiency was unfa-
vorable, and the mortality was relatively high. A higher 
decline in renal function was associated with a worse 
prognosis among ACS patients. Age, SBP, heart rate, 
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eGFR (as a categorical variable or a continuous variable), 
STEMI, and PCI were independent predictors of all-cause 
death during follow-up. The proportion of ACS patients 
with moderate or severe renal dysfunction receiving PCI 
treatment or using dual antiplatelets and ACEI/ARB was 
low, and in the real world, these patients are not fully 
treated with evidence-based medicine. Attention to the 
standardized treatment recommended by the guidelines is 
warranted.
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