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 Background: We aimed to investigate the impact of microalbuminuria complicated with low estimate glomerular filtration 
rate (eGFR) on the incidence and prognosis of contrast-induced acute kidney injury (CI-AKI) in patients with 
coronary artery disease after coronary intervention.

 Material/Methods: A total of 943 patients were enrolled in the study. Based on microalbumin/creatinine (ACR) measurements, the 
patients were divided into a microalbuminuria cohort (MA; 222 patients) and a normal albuminuria cohort (NA; 
721 patients). According to eGFR levels, the cohorts were further subdivided into normal, mild, moderate, and 
severe renal dysfunction groups. The basic data and indicators of all enrolled patients were collected. The pa-
tients were followed up at 30 days, 6 months, 1 year, and 3 years after surgery.

 Results: The overall incidence of CI-AKI in the MA cohort was higher than that in the NA cohort (17.6% vs 8.2%, P<0.001). 
The incidence of CI-AKI in different eGFR groups in the MA cohort was significantly different among the normal 
renal function group (3.3%), mild renal dysfunction group (9.2%), moderate renal dysfunction group (24.6%), 
and severe renal dysfunction group (36%) (P<0.001). When microalbuminuria was complicated with eGFR 
<45 mL/min/1.73 m2, the risk of CI-AKI increased (P<0.001). During the 3-year follow-up, the rehospitalization 
rate and incidence of major adverse cardiovascular events in patients with low eGFR levels complicated with 
microalbuminuria were significantly higher than those with normal albuminuria (42.8% vs 19.9%, 16.3% vs 
3.5%, P<0.001).

 Conclusions: Microalbuminuria complicated with low eGFR levels may increase the risk of CI-AKI and adverse cardiovascu-
lar events in patients after coronary intervention.
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 Abbreviations: ACEI – angiotensin converting enzyme inhibitor; ACR – albuminuria urine creatinine ratio; ARB – angio-
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Background

With the increasingly wide application of coronary interven-
tion in the diagnosis, evaluation, and treatment of diseases, 
renal injury caused by contrast medium continues to occur and 
is called contrast-induced acute kidney injury (CI-AKI). Parfrey 
and Barret proposed the concept of contrast-induced nephrop-
athy in 1994 as follows: within 48 to 72 h after the applica-
tion of contrast medium, the serum creatinine level increas-
es by 0.5 mg/dL (44.2 μmol/L) from the baseline value or the 
relative value increases by 25%; other possible causes of re-
nal injury were excluded [1] 

In their latest study, the American College of Radiology recom-
mended that CI-AKI should be used to define contrast-induced 
nephropathy when the serum creatinine level (26.5 μmol/L) is 
0.3 mg/dL higher than the baseline within 48 h after the ap-
plication of contrast medium, 50% higher than the baseline 
within 7 days after the application of contrast medium, or the 
urine volume drops below 0.5 mL/kg/h for more than 6 h [2]. 
Studies have shown that the incidence of CI-AKI is approxi-
mately 1% to 30%; most courses of CI-AKI are self-limited, and 
patients with acute kidney injury can recover within 10 days. 
However, the natural development of the disease will increase 
the mortality, hospital stay, and the incidence of adverse renal 
and cardiovascular events [3]. According to the class I recom-
mendation of the European Society of Cardiology and European 
Association for Cardio-Thoracic Surgery Guidelines 2018, (1) 
perioperative risk stratification should be performed in all pa-
tients undergoing coronary angiography; (2) all patients un-
dergoing coronary angiography should be fully hydrated; (3) 
for patients with moderate or severe chronic kidney disease, 
the dosage of contrast medium should be controlled, with the 
total dosage of contrast medium/GFR <3.7; and (4) isotonic or 
hypotonic contrast medium can be used in patients with mod-
erate or severe chronic kidney disease [4].

Approximately 700 000 patients undergo coronary interven-
tions in China every year [5], including coronary angiography 
and percutaneous coronary intervention. Most of these pa-
tients have high-risk factors for contrast-induced kidney inju-
ry, such as existing chronic kidney disease, geriatric issues, di-
abetes, metabolic syndrome, hypertension, progressive heart 
failure, anemia, hypoproteinemia, dehydration, recent hypo-
tension, hyperuricemia, history of vascular disease, and ad-
ministration of nephrotoxic drugs [6,7]. Risk score models are 
used to predict contrast-induced nephropathy after percutane-
ous coronary intervention [8]. The Mehran score is the predic-
tion scoring system of contrast-induced kidney injury calculat-
ed according to a total score of risk factors for renal injuries, 
low blood pressure, treatment of intra-aortic balloon counter-
pulsation, congestive heart failure, age greater than 75 years, 
anemia, diabetes, and contrast agent, by which patients are 

divided into low-risk, moderate, high-risk groups [9,10]. Among 
the above-mentioned risk factors, chronic kidney disease is the 
most important and common risk factor for contrast-induced 
nephropathy [11,12].

The Chinese Heart Survey showed that over 75% of patients 
with coronary artery disease have high blood glucose and 
that approximately 50% of patients have the complication of 
known or newly diagnosed diabetes [13], while microalbumin-
uria is one of the indicators of early damage to renal function 
in diabetic nephropathy [14]. Microalbuminuria is defined as 
a persistent elevation of albumin in the urine, of 30 to 300 
mg/day. The use of the urine albumin to urine creatinine ra-
tio (ACR) is recommended as the preferred screening strate-
gy for detecting microalbuminuria [15]. Since the 1980s, the 
leakage of small amounts of proteins in urine has been con-
sidered a crucial sign of early kidney disease, especially in 
patients with diabetes. An increasing interest in microalbu-
minuria as a marker of cardiovascular risk has been more re-
cently considered [16]. Currently, reduced eGFR is considered 
the most important risk factor for CI-AKI [17].Therefore, the 
preoperative assessment of renal injury and renal function in 
patients is particularly important for the prevention of CK-AKI 
after coronary intervention [18,19].

There is no large-sample study on the impact of microalbumin-
uria, an early kidney damage indicator, and chronic renal dys-
function on the incidence and long-term prognosis of CI-AKI 
in China. We aimed to investigate the relationship between 
pre-existing microalbuminuria and low eGFR levels on the inci-
dence and prognosis of CI-AKI to determine whether microal-
buminuria complicated with a low eGFR level could be an ear-
ly risk factor for CI-AKI after coronary intervention.

Material and Methods

Patient	Enrollment

The study enrolled a total of 1048 patients who underwent 
coronary angiography or percutaneous coronary intervention 
at Jinling Hospital from September 2015 to February 2019. 
The cardiac catheterization procedures and interventions were 
performed according to practice standards for our center, us-
ing the radial or femoral approach (Siemens DSA, Germany).

Inclusion Criteria

Patients who voluntarily participated in the trial, signed in-
formed consent, were aged ³18 years, intended to receive cor-
onary intervention, and were without contraindications were 
included in the study.
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Exclusion Criteria

Patients who were lactating or pregnant, used contrast medi-
um or nephrotoxic drugs in the previous week, had albumin-
uria with an microalbumin/creatinine ratio (ACR) of 300 mg/g, 
had an allergy to iodine contrast medium, used an intra-aor-
tic balloon pump, or had acute heart failure or liver failure, 
connective tissue diseases, tumors, severe infectious diseas-
es, cardiogenic shock in the hospital, or sudden cardiac death 
in the hospital were excluded from the study.

Withdrawal Criteria

Patients were withdrawn from the study for the following rea-
sons: the patient requested withdrawal from the trial; the in-
vestigator considered it necessary to terminate the trial fol-
lowing a serious adverse event; the patient was found to not 
meet the inclusion criteria during the trial; the patient’s re-
cords were incomplete or the patient was unable to complete 
follow-up evaluation; and the patient seriously violated or de-
viated from the trial protocol.

This study was approved by the Ethics Committee of Jinling 
Hospital, and all enrolled patients signed informed consent 
agreements.

Study	Design

This was a prospective study, and the test formula for 2 inde-
pendent proportions was used to estimate the required sample 
size in each group. At a 2-tailed significance level of a=0.05, 
with 80% power and 5% loss to follow-up rate, at least 138 
patients were required in each group. After eliminating con-
founding factors, a total of 943 patients were included in the 
study, and all were hospitalized prior to enrollment. Based on 
the urine ACR measurements, they were divided into 2 co-
horts: the microalbuminuria cohort (MA) with 222 patients 
(ACR 30-299 mg/g), and the normal albuminuria cohort (NA) 
with 721 patients (ACR <30 mg/g). According to eGFR levels, 
each cohort was further subdivided into the following groups: 
normal renal function group (eGFR ³60 mL/min/1.73 m2), mild 
renal dysfunction group (45£ eGFR <60 mL/min/1.73 m2), mod-
erate renal dysfunction group (30£ eGFR <45 mL/min/1.73 m2), 

MA
n=237

Enrollment population
n=1048

105 patients
excluded due to
incomplete data

after coronary
catherization

Study population
n=934 (90.0%)

NA
n=811

MA
n=222

45≤ eGFR <60
n=54

eGFR ≥60
n=61

eGFR <30
n=50

30≤ eGFR <45
n=57

45≤ eGFR <60
n=195

eGFR ≥60
n=208

eGFR <30
n=140

30≤ eGFR <45
n=178

NA
n=721

Follow-up

Analysis

Lost to follow-up
n=165

Lost to follow-up
n=44

Exclude from analysis
n=0

Exclude from analysis
n=0

Figure 1.  Study flow diagram. eGFR – estimate glomerular filtration rate; MA – microalbuminuria; NA – normal albuminuria. (Microsoft 
Office, 2016, Microsoft).
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and severe renal dysfunction group (eGFR <30 mL/min/1.73 m2). 
During follow-up, 44 patients in the MA cohort were lost to 
follow-up, and 165 patients in the NA cohort were lost to fol-
low-up (Figure 1).

Study Endpoints

The basic data and indicators of all enrolled patients were col-
lected, including serum creatinine (SCr) 24 h before, 48 h af-
ter, and 7 days after coronary angiography, preoperative ACR, 
urinary neutrophil gelatinase-associated lipocalin level 4 h 
after surgery, eGFR level, and urine volume 6 h after surgery. 
The patients were followed up for 30 days, 6 months, 1 year, 
and 3 years after surgery for adverse renal and cardiovascu-
lar and cerebrovascular events. All SCr and microalbuminuria 
levels were determined by laboratory personnel using an au-
toanalyzer in the Department of Laboratory Medicine in the 
Jinling Hospital.

CI-AKI was defined as a SCr level within 48 h after adminis-
tration of contrast medium of 0.3 mg/dL (26.5 µmol/L) high-
er than the baseline, an SCr level within 7 days of 50% higher 
than the baseline, or a urine volume of below 0.5 mL/kg/h for 
more than 6 h [2]. The definition of albuminuria was a urine 
ACR of 30 to 299 mg/g. Coronary intervention was defined as 
coronary angiography or percutaneous coronary intervention. 
The eGFR level based on the SCr level is a modified modifica-
tion of diet in renal disease formula suitable for the Chinese 
population: eGFR (mL/min/1.73 m2)=175×SCr (mg/dL)–1.234× 
age–0.179×(0.79 if female) [20]. Hypotonic contrast medium 
was chosen during coronary intervention for all enrolled pa-
tients, and the dosage of contrast medium was controlled at 
<4 mL/kg, or the dosage of contrast medium/glomerular fil-
tration rate was controlled at <3.7. The standard hydration 
protocol was as follows: normal saline 1 to 1.5 mL/kg/h was 
given before surgery for 12 h and after surgery for 24 h. For 
patients with capacity-limited heart failure, physiological sa-
line 3 mL/kg/h was chosen and given before surgery for 1 h, 
and physiological saline was administered at 1 mL/kg/h after 
surgery for 6 h [20].

Statistical Analysis

The measurement data are expressed by mean±standard devi-
ation, and the enumeration data are expressed as percentag-
es. Continuous variables were compared using 1-way ANOVA 
or the 2-sided t test, categorical variables were compared us-
ing the chi-square test, and CI-AKI incidence was compared 
using the chi-square test or Fisher’s exact test. CI-AKI predic-
tive indicators were analyzed by univariate logistic regression; 
independent risk factors were analyzed by multivariate logistic 
regression, and the predictive value of microalbuminuria com-
plicated with low eGFR were analyzed by a receiver operating 

characteristic (ROC) curve. Survival rate was analyzed using 
Kaplan-Meier survival curves. We used a 2-tailed P value for 
statistical significance and a value of P<0.05 was considered 
significant. All statistical calculations in this study were done 
using SPSS 24.0 software.

Results

Basic Clinical Characteristics

A total of 943 patients were enrolled in this study. Among 
the 222 patients in the MA cohort, 61 had normal renal func-
tion, 54 had mild renal dysfunction, 57 had moderate renal 
dysfunction, and 50 had severe renal dysfunction. Among the 
721 patients in the NA cohort, 208 had normal renal func-
tion, 195 had mild renal dysfunction, 178 had moderate renal 
dysfunction, and 140 had severe renal dysfunction. The basic 
clinical conditions of the 2 cohorts showed statistically signif-
icant differences in fasting blood glucose (6.7±1.2 vs 5.5±1.3 
mmol/L, P<0.001), diabetes (66.7% vs 24.5, P<0.001), and ACR 
(93.5±53.9 vs 11.8±6.2 mg/g, P<0.001), while there were no 
significant differences between the 2 cohorts in age (74.5±8.7 
vs 75.3±7.9, P=0.157), male sex (74.8% vs 79.2%, P=0.163), 
heart failure (10.6% vs 8.8%, P=0.351), hypertension (72.1% 
vs 70.7%, P=0.701), hyperlipidemia (29.3% vs 23.4%, P=0.078), 
myocardial infarction (10.4% vs 9.2%, P=0.591), proportion 
of percutaneous coronary intervention treatment (49.1% vs 
43.1%, P=0.118), and dosage of contrast medium (125.8±68.5 
vs 126.5±65.1 mL, P=0.891) (Table 1).

CI-AKI Incidence

The incidence of CI-AKI in all patients was 10.4%. The incidence 
of CI-AKI in the MA cohort was higher than that in the NA cohort 
(17.6% vs 8.2%, P<0.001). The incidence of CI-AKI in patients in 
the MA cohort complicated with eGFR <45 mL/min/1.73 m2 was 
higher than that in the control cohort (24.6% vs 6.2%, 36.0% 
vs 9.3%, P<0.001) (Table 2). The incidence of CI-AKI in differ-
ent eGFR groups was significantly different and increased with 
the decline in renal function, as follows: normal renal function 
group, mild renal dysfunction group, moderate renal dysfunc-
tion group, and severe renal dysfunction group had CI-AKI inci-
dences of 8.6%, 7.6%, 10.6%, and 6.3%, respectively (P=0.017). 
The incidence of CI-AKI in different eGFR groups in the MA co-
hort was significantly different, with rates in the normal renal 
function group, mild renal dysfunction group, moderate re-
nal dysfunction group, and severe renal dysfunction group of 
3.3%. 9.6%, 24.6%, and 36.0%, respectively (P<0.001). There 
was no significant difference in the incidence of CI-AKI among 
the different eGFR groups in the NA cohort (10.1% vs 7.2% vs 
6.2% vs 9.3%, P=0.484) (Figure 2).
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Clinical variables MA	group	(n=222) NA	group	(n=721) P value

Age (years)  74.5±8.7  75.3±7.9 0.157

Male sex, n (%)  166 (74.8)  571 (79.2) 0.163

Body mass index (kg/m2)  24.2±2.3  24.1±2.3 0.682

Smoker  98 (44.1)  362 (50.2) 0.114

Underlying disease

 Diabetes  148 (66.7)  177 (24.5) <0.001

 Heart failure  24 (10.6)  63 (8.8) 0.351

 Hypertension  160 (72.1)  510 (70.7) 0.701

 Hyperlipidemia  65 (29.3)  169 (23.4) 0.078

 Myocardial infarction  23 (10.4)  66 (9.2) 0.591

Vital signs

 SBP (mmHg)  132.9±15.3  134.0±14.4 0.335

 DBP (mmHg)  79.1±8.5  80.3±8.9 0.062

Medication

 ACEI/ARB  125 (56.3)  389 (54.0) 0.538

 Statin  206 (92.8)  663 (92.0) 0.685

 Calcium antagonist  65 (29.3)  234 (32.5) 0.374

 Diuretic  31 (14.0)  97 (13.5) 0.846

 b-blocker  167 (75.2)  525 (72.8) 0.477

 Isosorbide dinitrate  184 (82.9)  599 (83.1) 0.946

 Aspirin  220 (99.1)  711 (98.6) 0.572

 Clopidogrel  198 (89.2)  663 (92.0) 0.201

Baseline laboratory data

 Serum creatinine (μmol/L)  136.3±69.5  130.9±60.1 0.265

 eGFR (mL/min/1.73 m2)  55.3±32.5  56.6±31.4 0.581

 ACR (mg/g)  93.5±53.9  11.8±6.2 <0.001

 Blood urea nitrogen (mmol/L)  6.4±2.6  6.3±2.2 0.328

 Uric acid (μmol/L)  372.9±75.6  369.8±76.3 0.594

 Fasting blood glucose (mmol/L)  6.7±1.2  5.5±1.3 <0.001

 Cystatin C (mg/L)  1.2±0.3  1.2±0.8 0.266

 NGAL (ng/mL)  9.4±9.3  10.2±9.4 0.301

Procedural

 Contrast volume, mL  125.8±68.5  126.5±65.1 0.891

 Contrast volume/eGFR  2.9±1.9  2.8±1.7 0.414

 PCI, n (%)  109 (49.1)  311 (43.1) 0.118

Table 1. Baseline clinical characteristics.

ACEI – angiotensin converting enzyme inhibitor; ACR – albuminuria urine creatinine ratio; ARB – angiotensin receptor blocker; 
CRP – C-reactive protein; DBP – diastolic blood pressure; eGFR – estimate glomerular filtration rate; MA – microalbuminuria; 
NA – normal-albuminuria; NGAL – Neutrophil gelatinase-related apolipoprotein; PCI – percutaneous coronary intervention; 
SBP – systolic blood pressure. Data are expressed as number (%) or mean±standard deviation. P<0.05 is considered statistically 
significant.
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Early	Risk	Factors	and	Predictive	Indicators

Low eGFR levels in the MA cohort were correlated with the in-
cidence of CI-AKI, and when the MA cohort had 30£ eGFR <45 
mL/min/1.73 m2, the incidence risk of CI-AKI increased (odds 
ratio [OR], 1.356; 95% confidence interval [CI], 1.125-1.633; 
P<0.001). When the MA cohort had eGFR <30 mL/min/1.73 m2, 
the incidence risk of CI-AKI increased (OR, 1.505; 95% CI, 1.210-
1.872; P<0.001) (Table 3). The ROC curve showed that the 
eGFR cut-off value in the MA cohort was 36.7 mL/min/1.73 m2 

(sensitivity, 43.8%; specificity, 86.7%; AUC, 0.639; 95% CI, 
0.520-0.757; P=0.023) (Figure 3).

3-Year Follow-Up

During the 3-year follow up, 178 patients were followed up in 
the MA cohort, and there were 19 major adverse cardiovascular 
events (MACEs); 556 patients were followed up in the NA co-
hort, which had 27 MACEs. The incidence of MACEs was signif-
icantly different (10.7% vs 4.9%, P=0.005). There were a total 

eGFR	(mL/min/1.73	m2) MA	CI-AKI,	n	(%) NA	CI-AKI,	n	(%) P value

Total  39 (17.6)  59 (8.2) <0.001

eGFR ³60  2 (3.3)  21 (10.1) 0.094

45£ eGFR <60  5 (9.2)  14 (7.2) 0.610

30£ eGFR <45  14 (24.6)  11 (6.2) <0.001

eGFR <30  18 (36.0)  13 (9.3) <0.001

Table 2. The effect of microalbuminuria in patients with different estimate glomerular filtration rates.

CI-AKI – contrast-induced acute kidney injury; eGFR – estimate glomerular filtration rate; MA – microalbuminuria; NA – normal 
albuminuria.

40
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15
10

5
0

Uncidence of CI-AKI (%)

Total MA NA

P<0.001

P=0.017

8.6
3.3

7.6 9.2 9.37.2 6.2
10.6 10.1

24.6

16.3

36.0

P=0.484

eGFR ≥60 (ml/min/1.72 m2)
45≤ eGFR <60

30≤ eGFR <45
eGFR <30

Figure 2.  Incidence of contrast-induced acute kidney injury 
(CI-AKI).The incidence of CI-AKI increased with a 
decreasing estimate glomerular filtration rate (eGFR) 
in all patients (P=0.017) and the patients with 
microalbuminuria (P<0.001). There was no difference 
in the incidence of CI-AKI between different eGFR 
groups in patients with normal microalbuminuria 
(P=0.484). CI-AKI – contrast-induced acute kidney 
injury; eGFR – estimate glomerular filtration rate; MA – 
microalbuminuria; NA – normal-albuminuria. (Microsoft 
office, 2016, Microsoft).

eGFR	(mL/min/1.73	m2) OR 95%	CI P value

MA

eGFR ³60 1.125 0.870-1.454 0.370

45£ eGFR <60 1.114 0.900-1.380 0.322

30£ eGFR <45 1.356 1.125-1.633 <0.001

eGFR <30 1.505 1.210-1.872 <0.001

NA

eGFR ³60 1.017 0.931-1.110 0.715

45£ eGFR <60 1.140 0.928-1.395 0.204

30£ eGFR <45 1.158 0.985-1.362 0.075

eGFR <30 1.577 1.203-2.069 <0.001

Table 3. Univariate logistic regression analysis for the identification of predictors of contrast-induced acute kidney injury.

CI – confidence interval; CI-AKI – contrast-induced acute kidney injury; eGFR – estimate glomerular filtration rate; 
MA – microalbuminuria; NA – normal albuminuria; OR – odds ratio.
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of 107 high-risk patients with eGFR <45 mL/min/1.73 m2 in the 
MA cohort, of which 98 were followed up, and there were 318 
patients in the control cohort, of which 282 were followed up. 
Between the 2 cohorts, there were statistically significant dif-
ferences in rehospitalization rate (42.8% vs 19.9%, P<0.001) 
and MACEs (16.3% vs 3.5%, P<0.001) (Table 4). With MACEs 

as the endpoint event, Kaplan-Meier survival curves were 
compared between the MA cohort and the NA cohort when 
eGFR <45 mL/min/1.73 m2, indicating that the risk of MACEs 
increased in patients with moderate renal dysfunction (eGFR 
<45 mL/min/1.73 m2) in the MA cohort (P<0.001) (Figure 4).

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4

1-Speci�city

eGFR
Reference line

0.6 0.8 1.0

Se
ns

iti
vit

y

Figure 3.  Receiver operating characteristic curve analysis 
showing the prognostic value of the estimate 
glomerular filtration rate in predicting contrast-
induced acute kidney injury in patients with 
microalbuminuria. CI-AKI – contrast-induced acute 
kidney injury; eGFR – estimate glomerular filtration 
rate; MA – microalbuminuria; NA – normal albuminuria. 
(SPSS, 24.0, IBM).
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Figure 4.  Kaplan-Meier curves of major adverse cardiovascular 
events in the patients with estimate glomerular 
filtration rates <45 mL/min/1.73 m2 during the 
3-year follow-up after coronary angiography or 
intervention. The log rank test shows that these 
endpoints are significantly increased with the presence 
of microalbuminuria (P<0.001). eGFR – estimate 
glomerular filtration rate; MA – microalbuminuria; 
MACEs – major adverse cardiovascular events; 
NA – normal albuminuria. (SPSS, 24.0, IBM).

MA	(n=98) NA	(n=282) P value

Rehospitalization  42 (42.8%)  56 (19.9%) <0.001

Dialysis  0 (0.0%)  0 (0.0%) 1.00

Mortality  2 (2.0%)  3 (1.1%) 0.465

Ischemic stroke  2 (2.0%)  5 (1.8%) 0.865

MACEs  16 (16.3%)  10 (3.5%) <0.001

Revascularization  4 (4.1%)  5 (1.8%) 0.195

Myocardial infarction  2 (2.0%)  1 (0.4%) 0.104

Acute heart failure  3 (3.1%)  2 (0.7%) 0.078

Cardiac death  2 (2.0%)  0 (0.0%) 0.016

Ventricular arrhythmia  5 (5.1%)  2 (0.7%) 0.005

Table 4. The 3-year follow-up of patients with an estimate glomerular filtration rate <45 mL/min/1.73 m2.

eGFR – estimate glomerular filtration rate; MA – microalbuminuria; MACEs – major adverse cardiovascular events; NA – normal albuminuria.
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Discussion

With the widespread application of coronary interventions, the 
incidence of CI-AKI has continued to increase. In recent years, 
many scholars have conducted research on this topic, and the 
high-risk population vulnerable to diseases has attracted in-
creased attention from clinicians. Therefore, it is important to 
identify the early risk factors related to CI-AKI.

In the K/DOQI clinical practice guidelines for chronic kidney 
disease, eGFR <60 mL/min, is one of the most vital diagnostic 
criterion for chronic kidney disease (CKD), and the eGFR level 
is used for the stratified classification of CKD [21]. Moreover, 
microalbuminuria is used for the diagnosis of CKD. We found 
that the incidence of CI-AKI in patients with pre-existing mi-
croalbuminuria was higher than those with normal albumin-
uria. As described in the guidelines, microalbuminuria is a sen-
sitive marker of CKD resulting from diabetes, hypertension, and 
glomerular disease [16]. Additionally, eGFR is not sensitive to 
the diagnosis and evaluation of CKD, because even if 50% of 
the nephrons of both kidneys are lost, eGFR cannot lead to a 
reduction in GFR. Nevertheless, microalbuminuria can always 
be detected in the early stage of kidney injury [22]. Therefore, 
eGFR alone is insufficient to detect kidney injury but is impor-
tant to monitor microalbuminuria.

The China Heart Survey showed that over 25% of patients un-
dergoing coronary intervention had the complication of con-
firmed diabetes [13], and patients with diabetes were posi-
tive for microalbuminuria when kidney injury appeared. In the 
present study, we found that the clinical characteristics of the 
microalbuminuria cohort were not completely matched with 
the normal albuminuria cohort before angiography, as a larg-
er proportion of patients in the microalbuminuria cohort had 
diabetes mellitus and higher fasting blood glucose levels than 
the normal albuminuria cohort. Thus, microalbuminuria is not 
rare in patients with coronary artery disease. Our findings are 
consistent with the China Heart Study [13]. Recent studies 
have confirmed that microalbuminuria and low eGFR are in-
dependent risk factors for cardiovascular diseases [23-25]. A 
positive microalbumin test is one of the prominent markers 
of early kidney injury in patients with diabetes, and existing 
kidney injury increases the risk of CI-AKI after coronary inter-
vention [26,27].

Almost every report describing risk factors for CI-AKI lists ab-
normal baseline SCr levels and reduced eGFR levels as risk 
factors. To the best of our knowledge, our study is the first 
aimed to investigate the effect of microalbuminuria compli-
cated with low eGFR on the incidence and prognosis of CI-AKI 
in patients with coronary artery disease after coronary inter-
vention. We found that in all patients, SCr levels increased and 
eGFR levels decreased before and after coronary angiography, 

indicating the existence of the effect on renal function. With 
the decrease of eGFR, the incidence of CI-AKI increased; how-
ever, in patients without albuminuria, the decrease of eGFR 
did not affect the incidence of CI-AKI. The incidence of CI-AKI 
increased with the deterioration of eGFR and occurred only in 
patients with albuminuria. The changes of serum creatinine 
and kidney injury markers in high-risk populations with renal 
dysfunction (eGFR <45 ml/min/1.73 m2) after coronary angi-
ography showed that patients with microalbuminuria had a 
higher risk of developing CI-AKI. This may be due to the fol-
lowing 3 factors: First, patients with microalbuminuria often 
have diabetes or hypertension [28], for which the important 
pathological features are high glomeruli pressure and high fil-
tration of the kidney. Long-term high pressure and high filtra-
tion causes fibrosis in glomeruli, and the filtration function can 
be impaired. Due to the strong compensatory renal function, 
the loss of less than 50% of the nephrons does not cause a 
significant decrease in GFR [29], and therefore, the glomeru-
li of patients with microalbuminuria have already been dam-
aged, although the GFR is normal. Second, because the func-
tions of renal tubules include secretion and reabsorption and 
the glomerular filtration function of patients with microalbu-
minuria is impaired, a large number of macromolecular sub-
stances in the plasma, including albumin, are filtered into the 
renal capsule, which is bound to increase the reabsorption 
burden of renal tubules. The detection of microalbuminuria 
in urine indicates that the filtered albumin has exceeded the 
reabsorption function of renal tubules and that the renal tu-
bules are in a high-load working state. At that time, the re-
nal tubules will be more susceptible to the toxic damage of 
contrast media [30], and one of the important mechanisms of 
contrast-induced nephropathy is the direct toxic effect of con-
trast media on renal tubules. Third, microalbuminuria is an im-
portant sign of damage to systemic vascular endothelial cells. 
Microalbuminuria can cause not only microvascular lesions of 
glomeruli and retina, but also macrovascular lesions [16,31]. 
Hence, the blood vessels of patients with microalbuminuria, 
including renal blood vessels, are more susceptible to contrast 
media damage, which in turn leads to the constriction of renal 
blood vessels and ultimately results in the decline in intrare-
nal blood flow and renal dysfunction [32]. As a result, glomer-
ular injury, renal tubular overload, and renal vascular endo-
thelial dysfunction jointly lead to an increase in the incidence 
of CI-AKI in patients with microalbuminuria.

The results of follow-up for an average of 3 years revealed that 
the incidence of adverse cardiovascular events in patients with 
microalbuminuria complicated with eGFR <45 mL/min/1.73 m2 
was higher than that in patients without albuminuria, and the 
long-term prognosis of the microalbuminuria cohort was poor-
er. Preventive intervention is recommended for high-risk pa-
tients with microalbuminuria, especially for those with preop-
erative eGFR <45 mL/min/1.73 m2.
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Our findings have several potentially crucial clinical implica-
tions. First, low eGFR is a well-known predictor of CI-AKI, yet 
microalbuminuria complicated with low eGFR has not been re-
garded as a risk factor for CI-AKI. Our results suggest that this 
group of patients should be considered as a high-risk popula-
tion for CI-AKI who may need to be closely monitored for al-
buminuria and renal function during the perioperative peri-
od, and active interventions should be taken for the purpose 
of prevention. Second, microalbuminuria may be a modifiable 
intervention target for the prevention of CI-AKI.

There are several potential limitations in this study. First, this 
was a single-center study with a small sample size, and large 
multi-center randomized controlled trials are needed. Second, 
clinical studies have not proven that hydration or other CI-AKI 
prevention measures have a definite effect on patients with 
microalbuminuria and renal dysfunction, which needs to be 
confirmed in future investigations.

Conclusions

Microalbuminuria complicated with low eGFR may increase the 
risk of CI-AKI and adverse cardiovascular events in patients 
after coronary intervention. Preventive intervention is recom-
mended for high-risk patients with microalbuminuria, espe-
cially for those with preoperative eGFR <45 mL/min/1.73 m2.
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