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Objective: This study aimed to explore the association of preoperative neutrophil percentage (NEUT%) with the risk of acute kidney 
injury (AKI) in patients with acute myocardial infarction (AMI) having undergone coronary interventional therapy.
Methods: A single-center, retrospective and observational study was conducted. From December 2012 to June 2021, patients with 
AMI were enrolled and divided into AKI group and non-AKI group. The NEUT% in the two groups was compared. The association 
between NEUT% with the risk of post-AMI AKI was analyzed by univariate and multivariable logistic regression. Kaplan-Meier 
survival curve was drawn to evaluate the prognostic ability of NEUT% for short-term all-cause death following AMI.
Results: A total of 3001 consecutive patients were enrolled with an average age of 64.38 years. AKI occurred in 327 (10.9%) patients. 
The NEUT% was higher in the AKI group than in the non-AKI group ([76.65±11.43]% versus [73.22±11.83]%, P<0.001). NEUT% 
was also identified as an independent risk factor for AKI in AMI patients after adjustment (OR=1.021, 95% CI: 1.010–1.033, P < 
0.001). Compared with those at the lowest quartile of NEUT%, the patients at quartiles 2–4 had a higher risk of AKI (P for trend =  
0.003). The odds of AKI increased by 29.0% as NEUT% increased by 1 standard deviation (OR=1.290, 95% CI: 1.087–1.531, P = 
0.004). After a median of 35 days follow-up, 93 patients died. Patients with a higher NEUT% presented a higher risk of all-cause death 
after AMI (Log rank: χ2 =24.753, P<0.001).
Conclusion: In AMI patients, the peripheral blood NEUT% was positively associated with the odds of AKI and short-term all-cause 
mortality. NEUT% may provide physicians with more information about disease development and prognosis.
Keywords: neutrophil percentage, acute kidney injury, acute myocardial infarction

Introduction
According to the Global Burden of Cardiovascular Disease and Risk Factors report, the death toll, disability-adjusted life 
years (DALYs) and years of life lost (YLLs) due to cardiovascular diseases have seen a long-term sustained increase. 
Ischemic heart disease (IHD), the most prominent cardiovascular disease, causes 182 million DALYs and 9.14 million 
deaths in 2019 globally and was one of the two leading causes of YLLs in China in 2017.1,2 Acute myocardial infarction 
(AMI), the most serious type of IHD, manifests rapid onset, high morbidity and mortality. Acute kidney injury (AKI), 
a common secondary renal injury of AMI, brings with various short- or long-term adverse effects, such as immune 
dysfunction, bleeding, long hospital stay, and mortality.3,4
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AKI may develop in 5.5% to 26.6% of AMI patients during hospitalization.5–7 As shown in previous studies, AKI 
is associated with a more than three-fold increase in early mortality and a more than two-fold increase in long-term 
mortality among acute coronary syndrome (ACS) patients,8 and bleeding in a short term and adverse cardiovascular 
events in a long term.9 At the 2008 consensus conference of the Acute Dialysis Quality Initiative group, cardio-renal 
syndrome (CRS) was defined to state the interaction between heart and kidney disease and classified into five 
subtypes. CRS type 1 involves acute deterioration of heart function, including acute heart failure and/or ACS that 
leads to kidney injury and/or dysfunction.10 Both infectious and non-infectious pathways trigger immune system- 
mediated inflammatory responses in AKI.11 Inflammation plays an important role in atherogenesis and plaque 
destabilization, acting as either a trigger or a long-term risk factor.12 During inflammatory responses in AKI, the 
innate immune system in the infarction area is activated first. Various inflammatory cells (such as neutrophils, 
macrophages and others) release inflammatory mediators to attack glomerular vascular endothelial cells and aggravate 
renal injury.13

Different kinds of biomarkers have been found in AKI after AMI, such as renal function indicators (baseline serum 
creatinine), cardiac function indicators (left ventricular ejection fraction and cardiac troponin I), inflammation-related 
indicators (neutrophil-to-lymphocyte ratio, high-sensitivity C-reactive protein and others) and others (free triiodothyr
onine, hemoglobin and others).14–16 AMI triggers a strong inflammatory response that leads to a rapid increase in 
neutrophils and mononuclear/macrophages in the heart tissue. Clinical data show that major adverse cardiovascular 
events in AMI patients are correlated with the increase of neutrophils.17,18 The neutrophil percentage (NEUT%) is easy 
and quickly to be obtained and monitored in clinical practice, thus offering it advantages in ultra-early risk assessment 
in patients. In previous studies, NEUT% has been associated with all-cause death from a number of diseases, such as 
ST elevation myocardial infarction (STEMI),19 atrial fibrillation,20 chronic heart failure,21 cardiogenic shock,22 and 
acute kidney injury.23 For STEMI patients undergoing percutaneous coronary intervention (PCI), some inflammation- 
related indicators have also a favorable performance in predicting various clinical outcomes or outcome-related events. 
For example, the ratio of neutrophils to lymphocytes is independently correlated with coronary blood flow,24 and the 
level of platelet-leukocyte aggregates is independently correlated with myocardial no-reflow.25 Due to the sudden onset 
of AKI in AMI patients, early prediction is critical for clinical decision-making, and conducive to improving the 
overall prognosis. It is unclear whether NEUT% is associated with AKI risk after AMI. Hence, this study aimed to 
explore the association of preoperative NEUT% and the risk of AKI in patients with AMI having undergone coronary 
interventional therapy.

Methods
Ethical Approval
Registered in the Chinese Clinical Trials Registry system (ChiCTR1800014583), this study abided by the Declaration of 
Helsinki and was approved by the Ethics Committee of the Affiliated Changzhou Second People’s Hospital of Nanjing 
Medical University (No.2020-KY253-01). Given the retrospective nature of the study, written informed consent was 
waived, but the data we obtained were kept anonymously.

Study Population
A total of 3742 hospitalized patients aged 18 years or over and diagnosed with AMI in our hospital between 
December 2012 to June 2021 were recruited (Figure 1). All enrolled patients received coronary intervention therapy 
during hospitalization. Of them, 503 patients were excluded because they (1) refused PCI therapy for personal reasons; 
(2) received coronary artery bypass grafting; (3) used intra-aortic balloon pump during hospitalization. Then, 238 patients 
were additionally excluded, because they (1) used contrast media or other nephrotoxic drugs within a week before 
admission; (2) had a recent serious infection, trauma or surgery, with a history of chronic kidney disease; (3) had end- 
stage renal diseases or received dialysis therapy; (4) did not have baseline or postoperative creatinine data. As a result, 
3001 eligible patients were enrolled into the final analysis.
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Definitions and Data Collection
According to the World Heart Federation’s uniform definition, AMI was defined based on symptoms, serum cardiac 
biomarkers, and electrocardiographic features.26 AKI was defined according to the 2012 criteria standardized by the 
Kidney Disease Improving Global Outcomes group, including a serum creatinine increasing to at least 0.3 mg/dL 
within past 48 h or 1.5 times baseline, or a urine volume of less than 0.5 mL/kg/h.27 In this retrospective study, 
baseline serum creatinine level was set as that measured at 24 h before operation, and this level was measured again 
within 48 hours after intervention. Given urine output was not measured in most patients, this index was not 
introduced into this study.

Collected were patients’ data about baseline demographics, initial vital signs, laboratory tests, angiographic data, 
medication administration. The in-hospital mortality was documented for all the patients. The therapeutic planning 
was based on the current guidelines. The PCI procedure was conducted by experienced physicians during the 
hospital stay.

Figure 1 Study flow chart. 
Abbreviations: AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; IABP, intra-aortic balloon pump; AKI, 
acute kidney injury.
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Follow-Up and Endpoints
Every patient was followed up for about 1 month after intervention, during which events and death were recorded. The 
primary endpoint was AKI after AMI, and the secondary outcome was all-cause mortality within about 1 month after 
AMI. These outcomes were reviewed on patients’ medical records upon readmission.

Statistical Analysis
Continuous variables were presented as means with standard deviation (SD), if they conformed to normal distribution. 
Otherwise, they were displayed as the median with 25% to 75% interquartile range. Discrete variables were described as 
percentage. Variable normality was tested using the Kolmogorov–Smirnov test. Mann–Whitney U-test and independent 
sample T-tests were used to compare continuous variables, Chi-squared or Fisher’s exact test to compare categorical 
variables.

Significant variables in the univariate analysis were incorporated into the multivariable analysis (binary logistic 
regression) to screen independent predictors of AKI. The results were expressed as odds ratios (OR) and 95% confidence 
intervals (CI). The association of NEUT% with risk of AKI was evaluated on a continuous scale with restricted cubic 
spline curve. Kaplan-Meier survival curves were constructed and compared by Log rank test. Pearson analysis was used 
to evaluate the correlation of NEUT% with other metrics.

Chained equations were used for multiple imputation to handle systematically missing covariates and make best use 
of the available information and minimize potential bias in eliminating missing data. All statistical tests were two-sided, 
and P values <0.05 were considered statistically significant. All statistical analyses were performed with SPSS software 
version 22.0.

Results
Among the 3001 patients enrolled, 327(10.9%) suffered new AKI after PCI. The AKI group was more likely to be older, 
female, have pre-existing hypertension and diabetes than the non-AKI group (P<0.001) (Table 1). Both groups showed 
significant differences in body mass index (BMI), number of smokers, number of alcohol drinkers, left ventricular 
ejection fraction (LVEF), Killip classification, heart rate, absolute neutrophil count, hemoglobin, and cardiac troponin 
I (TNI) (P all <0.05), but not in baseline serum creatinine and white blood cell count (P>0.05). Particularly, NEUT% was 
different between the two groups ([76.65±11.43] % versus [73.22±11.83] %, P<0.001) (Figure 2A).

As show in Table 2, the AKI group received more clopidogrel bisulfate and less ticagrelor and statins (all P<0.05). 
But contrast volume >100 mL and contrast exposure time >60 min showed no between-group differences (P>0.05).

After univariate and multivariable analyses, we established three adjusted logistic models. Model 1 was adjusted for 
only age and gender; model 2 incorporated age, gender, and all significant variables in Table 1; model 3 was adjusted for 
all variables in model 2 plus those significant in Table 2. In model 3, the indicators screened by the multivariable logistic 
analysis, including hypertension (P=0.001), diabetes (P=0.040), Killip grade III or IV (P<0.001), elevated heart rate 
(P<0.001), elevated NEUT% (P<0.001), showed both OR positive and OR value >1, suggesting these variables might be 
predictors of AMI patients complicated with AKI; however, elevated hemoglobin (P=0.001), elevated TNI (P=0.042), 
use of statins (P=0.025) showed OR values <1, suggesting that these variables might be protective factors for renal 
function in patients with AMI (Table 3). Compared with absolute neutrophil count, NEUT% showed a stronger predictive 
power.

The patients were divided into four quartiles of NEUT%. As shown in Table 4, a larger NEUT% was associated with 
a higher risk of AKI (ORunadjusted=2.18, 95% CI:1.55–3.06 for Q4 versus Q1, Ptrend < 0.001; ORmodel 3=1.90, 95% 
CI:1.22–2.97 for Q4 versus Q1, Ptrend=0.005). The odds of AKI increased by 29.0% when NEUT% increased by 1 SD 
(OR=1.290, 95% CI: 1.087–1.531, P = 0.004) after multivariable adjustment. The results of restricted cubic splines were 
consistent. In the low quartile, the risk of AKI remained basically unchanged, and the OR increased gradually as NEUT% 
increased, with a cut-off of 76.1%. (Figure 2B and C)

After a median follow-up of 35 days, the mortality showed significant between-group difference (P<0.001), with 93 
(3.10%) deaths (31 in the AKI group and 62 in the non-AKI group). As shown in the Kaplan–Meier survival analysis, 
AKI patients presented a higher risk of all-cause death within 1 month after AMI (Log rank: χ2=51.293, P<0.001), and 
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patients with a larger NEUT% had a significantly worse short-term survival after AMI (Log rank: χ2 =24.753, P<0.001). 
The results are shown in Figure 3.

In the correlation analysis, NEUT% was significantly positively correlated with heart rate (r=0.112, P<0.001) and age 
(r=0.075, P<0.001), and negatively correlated with BMI (r=−0.095, P<0.001), systolic blood pressure (r=−0.094, 
P<0.001), hemoglobin (r=−0.069, P<0.001), and LVEF (r=−0.132, P<0.001) (Figure 4).

Discussion
The odds of AKI were calculated as 10.9% in AMI patients in the present study, which is broadly consistent with the 
results ever reported. AKI after AMI has been reported to correlate with advanced age, a history of diabetes, hyperten
sion, lower left ventricular ejection fraction, higher level of cardiac troponin I, higher Killip grade, tachycardia, lower 
hemoglobin and statin free treatment.14,15 This is consistent with our conclusion. This correlation could be explained in 
many ways. With the increase of age, the immune defense function of the body, reserve capacity of the heart and kidneys 
decline. A history of serious hypertension, diabetes, and poorer cardiac and renal function may reflect renal hypoperfu
sion or vascular vulnerability. Our current analysis found that cardiac function had a relatively stronger impact on the 
occurrence of AKI, so special attention should be cast to prevent the occurrence of AKI in patients with a higher Killip 
grade.

Contrast medium has been widely used in imaging diagnosis and interventional therapy. Contrast medium- 
induced acute kidney injury (CI-AKI) has become a common concern.28 This complication can prolong hospital stay 
and worsen short-term and long-term prognosis. It is well known that contrast dose and exposure time are risk 
factors for contrast-induced AKI in the Mehran scoring system.29 In the current study, we found no significant 
differences in contrast dose between the two groups. This may be related to the following reasons: (1) The endpoint 
of the current study was not only contrast-induced AKI. In addition to contrast-induced AKI, postoperative AKI 
caused by various causes was recognized as the endpoint of current study. Other reasons, such as the age of enrolled 

Table 1 Baseline Information of Enrolled AKI Patients and Participants

Characteristics overall Non-AKI (n=2674) AKI (n=327) P value

Age, years 64.38±13.74 63.87±13.63 68.54±13.92 <0.001
Male, n (%) 2227(74.2) 2015(75.4) 212(64.8) <0.001

Body mass index, kg/m2 24.25±3.68 24.32±3.69 23.70±3.58 0.003

Hypertension, n (%) 1985(66.1) 1733(64.8) 252(77.1) <0.001
Diabetes, n (%) 961(32.0) 828(31.0) 133(40.7) <0.001

Current or former smoker, n (%) 1449(48.3) 1319(49.3) 130(39.8) 0.001

Alcohol consumption, n (%) 341(11.4) 315(11.8) 26(8.0) 0.039
STEMI, n (%) 1852(61.7) 1647(61.6) 205(62.7) 0.700

NSTEMI, n (%) 1149(38.3) 1027(38.4) 122(37.3) 0.700
LVEF, % 51.00±9.29 51.22±9.20 49.18±9.82 <0.001

Killip class III or Ⅳ, n (%) 324(10.8) 247(9.2) 77(23.5) <0.001

SBP, mm/Hg 131.27±24.20 131.33±23.91 130.83±26.49 0.726
DBP, mm/Hg 79.17±15.93 79.26±15.68 78.42±17.80 0.366

Heart rate, bpm 80.21±16.07 79.60±15.54 85.21±19.20 <0.001

WBC, 109/L 9.18(7.22–11.76) 9.14(7.19–11.70) 9.35(7.45–12.09) 0.188
Neutrophil percentage, % 73.63±11.82 73.22±11.83 76.65±11.43 <0.001

Neutrophils, 109/L 6.67(4.79–9.13) 6.58(4.74–9.06) 7.27(5.36–9.77) 0.003

Hemoglobin, g/L 138.40±20.16 139.38±19.44 130.40±23.87 <0.001
TNI, ng/mL 4.13(0.83–17.80) 4.39(0.82–18.14) 2.71(0.85–11.60) 0.033

Serum creatinine, μmol/L 73.70(61.80–90.50) 73.70(62.20–89.60) 74.00(55.70–99.50) 0.730

Abbreviations: AKI, acute kidney injury; STEMI, ST segment elevation myocardial infarction; NSTEMI, non-ST segment elevation 
myocardial infarction; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white 
blood cell; TNI, cardiac troponin I.
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patients, the complexity of coronary lesion and the baseline creatinine levels may also affect the occurrence of AKI. 
(2) The type and dose of contrast agent used in this study were different from those used in previous studies.

In this study, we found that increased NEUT% was a risk factor for AKI in AMI patients, and the odds of AKI 
increased by 29.0% with every 1 SD increase in NEUT%. To reduce the interference of confounding factors, we 

Figure 2 Neutrophil percentage levels in different groups and the relation of neutrophil percentage with the risk of AKI in a restricted cubic splines model. (A) The violin 
plot reflects the distribution and probability density of neutrophil percentage levels between the two groups, with dotted lines representing the 25th, 50th, and 75th 
percentiles. ***P <0.001. (B) The relation of neutrophil percentage with the risk of AKI on a continuous scale. X-axis represents neutrophil percentage. Y-axis represents the 
probability of AKI. Dashed lines indicate 95% CI. From left to right, the triangles indicate the 25th, 50th, and 75th percentile. (C) The relation between neutrophil percentage 
and the risk of AKI by restricted cubic splines. The odds ratio is indicated by the solid blue line, and the 95% CI is represented by the shaded regions derived from the three- 
node restricted cubic spline regression. The horizontal reference line represented by a dashed line indicates a odds ratio of 1.0, and the vertical reference line is the 
corresponding neutrophil percentage at this time. 
Abbreviations: OR, odds ratios; CI, confidence intervals.
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conducted a logistic regression analysis to better illustrate this association. The results suggested that the risk of AKI in 
AMI patients with NEUT% >76.1% exceeded that in those with NEUT% <76.1%. The risk of AKI in AMI patients was 
closely related to the prognosis of patients. Previous studies have reported the roles of some inflammatory indicators in 

Table 2 Medication and Procedural Characteristics of Enrolled AKI Patients and Participants

Characteristics overall Non-AKI (n=2674) AKI (n=327) P value

Medication before procedures, n (%)
Aspirin 2919(97.3) 2605(97.4) 314(96.0) 0.144

Clopidogrel 851(28.4) 741(27.7) 110(33.6) 0.025

Ticagrelor 2125(70.8) 1910(71.4) 215(65.7) 0.033
ACEI/ARB 1918(63.9) 1709(63.9) 209(63.9) 0.999

β-blocker 1925(64.1) 1712(64.0) 213(65.1) 0.692

Statins 2830(94.3) 2533(94.7) 297(90.8) 0.004
Tirofiban hydrochloride 1503(50.1) 1338(50.0) 165(50.5) 0.886

Procedural characteristics, n (%)
Contrast volume >100 mL 452(15.1) 407(15.2) 45(13.8) 0.486

Contrast exposure time >60 min 593(19.8) 527(19.7) 66(20.2) 0.839

Number of stents with each vessel
Left main coronary artery 0.013

0 2979(99.3) 2658(99.4) 321(98.2)

≥1 22(0.7) 16(0.6) 6(1.8)
Left anterior descending artery 0.075

0 1653(55.1) 1488(55.6) 165(50.5)

≥1 1348(44.9) 1186(44.4) 162(49.5)
Left circumflex artery 0.928

0 2537(84.5) 2260(84.5) 277(84.7)

≥1 464(15.5) 414(15.5) 50(15.3)
Right coronary artery 0.094

0 2158(71.9) 1910(71.4) 248(75.8)

≥1 843(28.1) 764(28.6) 79(24.2)

Abbreviation: ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers.

Table 3 Multivariable Logistic Regression Analysis of Risk of AKI in Entire Population

Characteristics Multivariable Analysis 
(Model1)

Multivariable Analysis 
(Model2)

Multivariable Analysis 
(Model3)

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.022(1.012–1.031) <0.001 1.007(0.996–1.018) 0.219 1.006(0.995–1.017) 0.272

Male 0.720(0.556–0.932) 0.013 0.962(0.697–1.328) 0.816 0.945(0.684–1.307) 0.734

Body mass index 0.986(0.953–1.021) 0.428 0.986(0.952–1.021) 0.417
Hypertension 1.640(1.234–2.181) 0.001 1.646(1.237–2.189) 0.001

Diabetes 1.314(1.024–1.687) 0.032 1.300(1.012–1.671) 0.040

Current or former smoker 1.034(0.763–1.403) 0.827 1.012(0.745–1.375) 0.939
Alcohol consumption 0.782(0.500–1.221) 0.279 0.774(0.495–1.212) 0.263

LVEF 0.994(0.982–1.007) 0.401 0.995(0.983–1.008) 0.488

Killip class III or IV 2.042(1.493–2.793) <0.001 2.117(1.543–2.906) <0.001
Heart rate 1.014(1.007–1.021) <0.001 1.014(1.007–1.021) <0.001

Neutrophil percentage 1.026(1.015–1.037) <0.001 1.021(1.010–1.033) <0.001 1.021(1.010–1.033) <0.001
Hemoglobin 0.987(0.981–0.994) <0.001 0.988(0.981–0.995) 0.001

TNI 0.992(0.985–0.999) 0.026 0.993(0.985–1.000) 0.042

(Continued)
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post-AMI AKI. Neutrophil/lymphocyte ratio is associated with the severity of coronary artery disease30 and also 
independently associated with AKI following cardiac surgery.31,32 The elevated systemic immune inflammation index 
(platelet count × neutrophil/lymphocyte ratio) is correlated with a high probability of AKI in patients with ST segment 
elevation myocardial following primary percutaneous coronary intervention, as well as CI-AKI in patients who have 
undergone coronary angiography.33,34 In a prospective multicenter cohort and some other studies, neutrophils, neutrophil- 
to-lymphocyte ratio, and high-sensitivity C-reactive protein are closely associated with AKI occurrence and severity after 
an ACS.35,36 Inflammatory mediators, such as interleukin-10, interleukin-1β, interleukin-6, and endothelin-1, may be 
engaged in ACS-AKI.37 Neutrophil percentage-to-albumin ratio (NPAR) can independently predict the all-cause mor
tality in critically ill patients with AKI.23 A study of 5083 patients has demonstrated that NPAR can independently 
predict CI-AKI in patients without chronic kidney disease who have undergone elective PCI.38 Elevated neutrophil count 
post-AMI strongly, positively and independently correlated with heart failure and death.39,40

Neutrophils, produced in the bone marrow, have been considered as the short-lived phagocytes.41,42 AMI is a substantial 
sterile injury. Neutrophils, as the main effector cells in the inflammatory cascade, are recruited to construct the first line of 
defense against sterile inflammation; this process is mediated by the release of danger signals or damage associated 

Table 4 Neutrophil Percentage Level and Risk of AKI in Entire Population

Neutrophil 
Percentage 

(Range)

Odds Ratio (95% CI) and P value

Unadjusted Model1 Model2 Model3

Neutrophil percentage  

(per 1 SD)

(24.20–98.81) 1.367(1.207–1.549) 1.350(1.189–1.532) 1.294(1.091–1.534) 1.290(1.087–1.531)

<0.001 <0.001 0.003 0.004
Neutrophil percentage 

quartiles

Q1 59.30(24.20–65.50) 1 1 1 1
Reference Reference Reference Reference

Q2 70.60(65.51–75.01) 1.344(0.931–1.939) 1.291(0.892–1.867) 1.246(0.850–1.825) 1.234(0.842–1.809)

0.114 0.176 0.259 0.281
Q3 78.91(75.02–83.00) 1.723(1.212–2.450) 1.638(1.148–2.337) 1.538(1.040–2.276) 1.526(1.030–2.260)

0.002 0.006 0.031 0.035

Q4 87.00(83.01–98.81) 2.178(1.549–3.064) 2.114(1.499–2.981) 1.917(1.231–2.984) 1.903(1.220–2.968)
<0.001 <0.001 0.004 0.005

P for trend <0.001 <0.001 0.003 0.003

Abbreviation: SD, standard deviation.

Table 3 (Continued). 

Characteristics Multivariable Analysis 
(Model1)

Multivariable Analysis 
(Model2)

Multivariable Analysis 
(Model3)

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Medication before 
procedures

Clopidogrel 2.138(0.598–7.643) 0.242

Ticagrelor 2.108(0.594–7.479) 0.249
Statins 0.597(0.380–0.938) 0.025

Number of stents with left 

main coronary artery≥1

2.667(0.961–7.403) 0.060

Notes: Model 1 adjusted for age and gender; model 2 adjusted for covariates in model 1 plus body mass index, hypertension, diabetes, current or former smoker, alcohol 
consumption, LVEF, Killip class III or IV, heart rate, neutrophil percentage, neutrophils, hemoglobin, and TNI; model 3 adjusted for covariates in model 2 plus use of 
clopidogrel, use of ticagrelor, use of statins, and left main coronary artery stent implantation. 
Abbreviations: OR, odds ratios; CI, confidence intervals.
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molecular patterns (DAMPs) from necrotic cells and tissues.43 As neutrophils and macrophages infiltrate the infarcted 
myocardium in cardiac tissue following AMI, two major DAMPs, S100A8 and S100A9, increase their levels and bind to 
the Toll Like Receptor 4 and prime the Nod Like Receptor Family Pyrin Domain-Containing 3 inflammasome to release 
interleukin 1 (IL-1β).44 IL-1β then interacts with myeloid progenitor cells in the bone marrow to stimulates 
granulopoiesis.45 This initiates a positive feedback loop. Inflammasome activation in neutrophils leads to cleavage of 
Gasdermin D, which is widely expressed in different subsets of leukocytes, and then induces the release of IL-1β, 
eventuating in pyroptosis or neutrophil extracellular trap formation (NETosis).17,46,47 Platelets, perivascular macrophages 
and mast cells offer contributions to neutrophil recruitment in vivo.48,49 Platelets release granules containing numerous 

Figure 3 Survival analyses according to neutrophil percentage quartiles and the incidence of AKI. (A) Short-term survival rate according to neutrophil percentage quartiles 
(Q1 versus Q2 and Q3 and Q4); (B) Survival rate between AKI group and non-AKI group.
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mediators, including platelet activating factor, adhesion molecules and chemokines and 5-hydroxyindoleacetic acid. On the 
other hand, ischemic injury rapidly mobilizes neutrophils from the splenic reserve to peripheral blood through the 
extracellular vesicles-dependent mechanism, explaining that the rise in blood neutrophil counts in humans precedes 
chemokine elevation.48 During ischemia reperfusion injury of kidney, the necrosis of tubular epithelial cells induces the 
release of DAMPs and NETosis that intensifies inflammation, oxidative stress, and coagulopathy in whole body organs.50,51 

At the same time, in animal experiments, neutrophils demonstrate temporal heterogeneity, which is different from that in 
circulation, in inflammatory target organs, and this further reprogramming enhances inflammatory capacity.52,53 The effects 
of neutrophils on tissue repair and injury deserve further studies.

Limitations
We did not measure NEUT% levels continuously and dynamically during hospitalization. Besides, we did not use urine 
volume as one of the diagnostic indicators to improve the sensitivity of diagnosis, which may have let us misclassify 
some patients. Meanwhile, we did not collect more markers of inflammation such as C-reactive protein and interleukin-6 
to refine our experimental results. A prospective, multicenter, larger-size and long-term follow-up study should be 
conducted to validate the prognostic value of NEUT% on post-AMI AKI.

Conclusion
In AMI patients, a high peripheral blood NEUT% was associated with the occurrence of AKI and short-term all-cause 
mortality. This index may provide physicians with more information about disease development and prognosis.

Figure 4 Correlation of variables in AMI patients. The diagonals show the distribution; the lower left part shows a two-variable scatter diagram with fitting lines; the upper 
right shows the correlation coefficient and significance level, and the numbers represent the correlation coefficient. ***P < 0.001. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; HR, heart rate; NEUT%, neutrophil percentage; Hb, hemoglobin; LVEF, left ventricular ejection fraction.
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