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Purpose: Acute kidney injury (AKI) is a common complication of acute exacerbation of chronic obstructive pulmonary disease
(AECOPD), and inflammation is the potential link between AKI and AECOPD. However, little is known about the incidence and risk
stratification of AKI in critically ill AECOPD patients. In this study, we aimed to establish risk model based on white blood cell
(WBC)-related indicators to predict AKI in critically ill AECOPD patients.

Material and Methods: For the training cohort, data were taken from the Medical Information Mart for eICU Collaborative
Research Database (eICU-CRD) database, and for the validation cohort, data were taken from the Medical Information Mart for
Intensive Care-IV (MIMIC-1V) database. The study employed logistic regression analysis to identify the major predictors of WBC-
related biomarkers on AKI prediction. Subsequently, a risk model was developed by multivariate logistic regression, utilizing the
identified significant indicators.

Results: Finally, 3551 patients were enrolled in training cohort, 926 patients were enrolled in validation cohort. AKI occurred in 1206
(33.4%) patients in training cohort and 521 (56.3%) patients in validation cohort. According to the multivariate logistic regression
analysis, four WBC-related indicators were finally included in the novel risk model, and the risk model had a relatively good accuracy
for AKI in the training set (C-index, 0.764, 95% CI 0.749-0.780) as well as in the validation set (C-index, 0.738, 95% CI: 0.706—
0.770). Even after accounting for other models, the critically ill AECOPD patients in the high-risk group (risk score > 3.44) still
showed an increased risk of AKI (odds ratio: 4.74, 95% CI: 4.07-5.54) compared to those in low-risk group (risk score < 3.44).
Moreover, the risk model showed outstanding calibration capability as well as therapeutic usefulness in both groups for AKI and ICU
mortality and in-hospital mortality of critical ill AECOPD patients.

Conclusion: The novel risk model showed good AKI prediction performance. This risk model has certain reference value for the risk
stratification of AECOPD complicated with AKI in clinically.
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Introduction

A prevalent chronic inflammatory illness of the airways, chronic obstructive pulmonary disease (COPD) is defined by
ongoing respiratory symptoms and reduced airflow." COPD is a common disease with high global morbidity and
mortality and poses a major health and economic burden in the worldwide, which has become a significant public health
issue. COPD was the fifth leading cause of death in 2002 and will rank third by 2030.> Acute exacerbations of COPD
(AECOPD) are episodes of worsening symptoms and patients who have frequent exacerbations have a lower quality of
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life, a faster deterioration in lung function, and are at a higher risk of myocardial infarctions, cerebrovascular events, and
mortality.

Patients may eventually need to be admitted to the intensive care unit (ICU) and undergo invasive mechanical
ventilation (IMV) due to acute respiratory failure during an AECOPD.* Acute kidney injury (AKI) is a common
complication in patients admitted to the ICU.” Literature reported 30-60% of critically ill patients developed AKI and
AKI is associated with increased morbidity and mortality.® Moreover, AKI is recognized as also a severe complication of
AECOPD, AECOPD patients with AKI showed higher mortality compared to those without AKI.” Hence, it is important
to seek risk model or predictors of AKI in critically ill AECOPD patients, especially for biomarkers which can be easily
obtained upon admission.

AECOPD and AKI share similar pathobiology in the development and progression, such as systemic inflammation.
AECOPD is linked to increased systemic and airway inflammation.® It is widely acknowledged that inflammation plays
a significant role in the development of AKL.® White blood cells (WBCs)-related indicators are easily obtained to predict
AKI which has been used in different diseased setting.'®'' However, whether WBC-based risk model could predict AKI
and clinical outcomes in critically ill AECOPD patients has not been explored. The present study aimed to demonstrate
the incidence of AKI and construct a risk model-based on WBC indicators for AKI prediction in critically ill AECOPD
patients.

Material and Methods

Data Source

An observational study was conducted using data from the eICU Collaborative Research Database (eICU-CRD)'? and
the Medical Information Mart for Intensive Care IV (MIMIC-IV)."> The MIMIC-IV cohort was obtained from
a relational database that had comprehensive information on more than 250,000 patients admitted to the Beth Israel
Deaconess Medical Center in Boston, Massachusetts, in the United States, between 2008 and 2019. The multi-center
telehealth database known as the elCU-CRD has information on over 200,000 admissions to 335 ICUs at 208 hospitals
across the United States between 2014 and 2015. The study was carried out in accordance with the Helsinki Declaration.
The establishment of the database was approved by the Massachusetts Institute of Technology (Cambridge, MA) and
Beth Israel Deaconess Medical Center (BIDMC, Boston, MA) (No. 27653720), and consent was obtained for the original
data collection. As this study was an analysis of the public databases, the Institutional Review Board of the
Massachusetts Institute of Technology (MIT) at the granted a waiver of informed consent and approved the sharing of

the research resource.

Study Population and AKI Definition

The International Classification of Diseases (ICD) code served as the foundation for the definition of AECOPD. The
exclusion criteria were as followings: 1) less than 18-year-old; 2) lacking WBC-related signs on the first day of ICU
admission; 3) patients with hospital stay less than 48-hours; 4) patients who had previously been admitted more than
once. Based on serum creatinine in the first 48 hours of their ICU hospitalization, AKI and AKI severity were diagnosed
using KDIGO-Scr criteria.'* The training cohort was made up of data from the eICU-CRD database, and the validation
cohort was made up of data from the MIMIC-IV database. The comprehensive flowchart was displayed in Figure 1.

Clinic Variables and Outcomes

Demographics, vital signs, laboratory results, scoring systems, complications, comorbidities, and drug use were among
the characteristics that were taken out. All information was gathered within 24 hours after ICU admission. The detailed
variables are displayed in Table 1. The primary outcome was AKI. The secondary outcomes included AKI severity, usage
of vasopressor, usage of mechanical ventilation, acute heart failure, acute respiratory failure, sepsis, length of ICU stay,
length of hospital stay, in-hospital mortality and ICU mortality. SII was calculated as follows: platelets x neutrophils/
lymphocytes.
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Figure | The flow chart of this study.

Statistical Analysis

A4

Validation cohort
(n=9206)

I 1
AKI No AKI
(n=521) (n=405)

For all of the analysis, the R (version 4.1.0) program was employed. In order to compare the two groups for continuous

variables that were expressed as the mean [standard deviation (SD)], an independent sample #-test was performed. The

categorical variables were quantified (expressed as a percentage), and the two groups were contrasted using the ;(2 test.

P 0.05 was used to indicate a statistically significant difference on either side.

Table | Comparisons of Characteristics Between No AKI Group and AKI Group

Characteristics Training Set (n=3551) Validation Set (n=926)
No AKI (n=2345) AKI (n=1206) P value No AKI (n=405) AKI (n=521) P value
Age, years old 676 £ 11.1 69.2 % I1.1 <0.001 72.0 £ 10.9 723110 0.683
Gender, male, n (%) 1092 (46.6) 558 (46.3) 0.894 186 (45.9) 256 (49.1) 0.366
BMI, kg/m? 28.8+ 9.8 312+ 105 <0.001 286 + 9.4 302+ 105 0.020
Ethnicity, n (%) 0.098 0.903
White 2032 (86.7) 1042 (86.4) 269 (66.4) 348 (66.8)
Black 205 (8.7) 127 (10.5) 65 (16.0) 87 (16.7)
Others 108 (4.6) 37 (3.1) 71 (17.5) 86 (16.5)
Comorbidities, n (%)
Myocardial infarction 253 (10.8) 135 (11.2) 0.757 84 (20.7) 145 (27.8) 0016
Congestive heart failure 593 (25.3) 377 (31.3) <0.001 206 (50.9) 339 (65.1) <0.001
Hypertension 397 (16.9) 241 (20.0) 0.028 125 (30.9) 122 (33.4) <0.001
Diabetes 663 (28.3) 338 (28.0) 0.908 129 31.9) 189 (36.3) 0.181
Chronic kidney disease 231 (9.9) 189 (15.7) <0.001 90 (22.2) 174 (33.4) <0.001
Liver diseases 31 (1.3) 17 (1.4) 0.952 27 (6.7) 45 (8.6) 0.324
Interventions, n (%)
Vasopressors 152 (6.5) 69 (5.7) 0.415 40 (9.9) 101 (19.4) <0.001
Mechanical ventilation 526 (22.4) 363 (30.1) <0.001 63 (15.6) 166 (31.9) <0.001
Score system, points
SOFA 25+09 53+£22 <0.001 38+ 1.6 63 %24 <0.001
OASIS 27498 36793 <0.001 308+ 7.1 356+ 84 <0.001
APSIII 437 £ 137 45.6 £ 18.6 0.010 448 + 168 56.8 +21.0 <0.001
Vital signs
MAP, mmHg 90.2 + 205 89.8 + 20.1 0.530 89.0 £ 19.2 842 + 189 <0.001
Heart rate, bpm 107.0 £ 193 106.3 + 189 0.276 945+ 19.7 925 +20.7 0.124
SpO,, % 988 + |.7 989 £ 1.6 0.900 95.1 £ 4.6 954 + 48 0310
(Continued)
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Table | (Continued).

Characteristics Training Set (n=3551) Validation Set (n=926)
No AKI (n=2345) AKI (n=1206) P value No AKI (n=405) AKI (n=521) P value
Laboratory values
White blood cell, x 10°/L 122 + 47 123 £ 5.1 0.664 123 + 45 13.1 £54 0.132
Hemoglobin, g/dL 1.7 22 104 £2.2 <0.001 11.0 +24 10.6 + 2.4 0.021
Platelet, x 10°/L 2237 £89.7 225.1 £ 89.1 0.648 2275 £ 106.2 224.0 £ 108.6 0.628
Albumin, g/dL 3206 3005 0.001 3605 3405 0.006
Bilirubin, mmol/L 05+0.2 0.6 +0.3 0.041 0904 1.0 £ 04 0.218
Bicarbonate, mEq/L 30.0 £ 6.5 295+ 6.8 0.057 26.7+ 6.2 26.0 £6.2 0.083
BUN, mg/dL 282 + 8.1 31.7 £ 109 <0.001 27.7 £ 108 328+ 119 <0.001
Creatinine, mg/dL 1.0 £ 04 14 £06 <0.001 1.1 £04 1.5+05 <0.001
Potassium, mmol/L 43+07 4407 <0.001 45+08 43+08 0.807
Sodium, mmol/L 1374 £ 5.3 1379 £ 52 0.012 1388 + 5.4 1387 £ 5.5 0.693

Abbreviations: AKI, acute kidney injury; SOFA, sequential organ failure assessment; OASIS, oxford acute severity of illness score; APSIII, acute physiology
score lll; MAP, mean arterial pressure; RR, respiratory rate; SpO2, saturation of peripheral oxygen; BUN, blood urea nitrogen.

Univariate and multivariate logistic regression analyses were used to select the WBC-markers significantly associated
with AKI, and the novel AKI prediction risk model was then developed based on the coefficients of these factors in the
multivariate logistic regression analysis was developed. The receiver operator characteristic curve (ROC) was used to
guarantee the optimal cutoff value for the novel risk model. The creation of the high-risk group and low-risk group was
based on the optimal cutoff value. Using decision curve analysis (DCA), the risk model’s clinical applicability was
evaluated. To assess the risk model’s ability to forecast various clinical outcomes, multivariate logistic and COX
regressions were also run. Subgroup analysis was represented by the forest plot. Waterfall plots were used to show the
relationship between risk scores and clinical outcomes.'”

Results

Baseline Demographic and Clinical Characteristics

The baseline characteristics of between the AKI group and no-AKI groups are listed in Table 1. Finally, 3551 patients were
enrolled in training cohort, 926 patients were enrolled in validation cohort. AKI occurred in 1206 (33.4%) patients in
training cohort, and 521 (56.3%) patients in validation cohort. In the training set, compared to those in non-AKI group,
patients in AKI group were older, had higher BMI, higher proportion of congestive heart failure, hypertension, chronic
kidney disease, mechanical ventilation, had higher SOFA score, OASIS score, APSIII score, higher bilirubin, BUN,
creatinine, potassium and sodium, lower hemoglobin and albumin (all P < 0.05, Table 1). In the validation set, compared
to those in non-AKI group, patients in AKI group had higher BMI, higher proportion of myocardial infarction, congestive
heart failure, hypertension, chronic kidney disease, vasopressors and mechanical ventilation usage, higher SOFA score,
OASIS score, APSIII score, higher BUN creatinine and lower hemoglobin, albumin and MAP (all P < 0.05, Table 1).

Risk Model Was Constructed Based on WBC-Related Indicators

According to the multivariate logistic regression analysis, four WBC-related indicators were finally included in the novel
risk model, and the risk model was constructed based on the four WBC-related indicators, WBR, WHR, NLR and SII. Risk
score: 0.067*WNR+0.441*Lg(WBR)+0.093*WHR+0.734*Lg(SII) (Table 2). The risk model’s C-index results for the
prediction of AKI in critically ill patients demonstrated a reasonably excellent model discriminative power. C-index values
for the training set were (0.764, 95% CI: 0.749—-0.780) and for the validation set were (0.738, 95% CI: 0.706-0.770).

The Performance of the Novel Risk Model for AKI Prediction
We started by examining the relationships between risk score, severity score, and clinical outcomes. The novel risk model
is closely linked to clinical outcomes, severity score, and WBC-related indicators both in the training set and in
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Table 2 Logistic Regression Analysis of WBC-Related Indicators for AKI in Training Set

Univariate Multivariate

B OR (95% CI) P B OR (95% CI) P
WNR 0.049 1.05 (1.01-1.11) 0.032 0.067 1.10 (1.04-1.39) 0.043
WLR 0.001 1.00 (1.00-1.00) 0.557
Lg (WLR) 0.159 1.17 (0.97-1.42) 0.098
WBR 0.000 1.00 (1.00-1.00) <0.001
Lg (WBR) 0.510 1.67 (1.49-1.86) <0.001 0.441 1.55 (1.39-1.74) <0.001
WER 0.000 1.00 (1.00-1.00) 0.629
Lg (WER) 0.023 1.02 (0.91-1.15) 0.689
WMR —0.001 1.00 (1.00-1.00) 0.058
Lg (WMR) —0.165 0.85 (0.69-1.04) 0.116
WHR 0.254 1.29 (1.15-1.45) <0.001 0.093 1.07 (1.01-1.14) 0.028
NLR 0.024 1.06 (1.02—1.10) 0.002 0.019 1.04 (0.92-1.49) 0.153
PLR 0.000 1.00 (1.00-1.00) 0.080
Lg (PLR) 0.141 1.15 (0.97-1.37) 0.110
MLR 0.038 1.04 (0.97-1.11) 0.261
Sli 0.000 1.00 (1.00-1.00) 0.012
Lg (SI) 0.591 1.81 (1.54-2.12) <0.001 0.734 2.08 (1.66-2.62) <0.001

Abbreviations: WBC, white blood count; AKI, acute kidney injury; OR, odds ratio; 95% Cl, 95% confidence index; WNR, WBC to
neutrophil ratio; WMR, WBC to monocyte ratio; WLR, WBC to lymphocyte ratio; WER, WBC to eosinophils ratio; WBR, WBC to
basophils ratio; WHR, WBC to hemoglobin ratio; NLR, neutrophil to lymphocyte ratio; PLR, platelets to lymphocyte ratio; MLR,
monocyte to lymphocyte ratio; Sll, systemic immune-inflammation index.

validation set, as seen in Figure 2A and B. The optimal cut-off value of the WBC-related indicators-based risk model was
also determined using ROC analysis, and the low-risk (<3.44) and high-risk (>3.44) groups were then split in accordance
with this value. According to Table 3, patients in the high-risk group had a higher percentage of AKI, AKI severity,
vasopressor use, mechanical ventilation use, acute respiratory failure, acute heart failure, sepsis, length of ICU stay,
length of hospital stay, in-hospital mortality, and ICU mortality than those in the low-risk group both in the training set
and in the validation set (all P < 0.05, Table 3, Supplemental Table 1).
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Figure 2 The correlations between risk score with other serum inflammatory biomarkers, severity score, and clinical outcomes in the training set (A) and in the validation
set (B). *P < 0.05, **P < 0.01, ***P < 0.001.
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Table 3 Clinical Outcomes Analysis of High and Low Risk Groups for Patients in Training Set

Outcomes Low Risk Group High Risk Group Effect Size P value
N 1774 1777 - -
Primary outcome
AKI 312 (17.6) 894 (50.3) 0.736 <0.001
Secondary outcomes
AKI severity 0.743 <0.001
Stage | 130 (7.3) 332 (18.7)
Stage |l 128 (7.2) 333 (18.7)
Stage IlI 54 (3.0) 229 (12.9)
Usage of vasopressors 84 (4.7) 137 (7.7) 0.102 0.023
Usage of mechanical ventilation 426 (24.0) 463 (26.1) 0.047 0.172
Acute heart failure 11 (0.6) 38 (2.1) 0.116 0.004
Acute respiratory failure 823 (46.4) 935 (52.6) 0.125 <0.001
Sepsis 378 (21.3) 715 (40.2) 0.419 <0.001
Length of ICU stay 1.92 (1.04, 3.56) 2.53 (1.30, 4.85) 0.202 <0.001
Length of hospital stay 5.80 (3.47, 8.84) 6.83 (4.11, 10.73) 0.158 <0.001
In-hospital mortality 50 (2.8) 263 (14.8) 0.433 <0.001
ICU mortality 13 (0.7) 88 (5.0) 0.256 <0.001

Abbreviations: AKI, acute kidney injury; ICU, intensive care unit; CRRT, continuous renal replacement therapy.

Additionally, a waterfall plot was used to evaluate the connection between the risk score and the likelihood of AKI.
Figure 3A illustrates that the proportion of AKI increases with the risk score. Patients in high risk had a higher risk of
AKI than those in the low-risk group in all subgroups in the training set according to the pre-specified subgroup analysis
(Figure 3C), the results in the validation set showed similar to the training set (Supplemental Figure 1A). Even after

accounting for other models, the critically sick AECOPD patients in the high-risk group still showed an increased risk of
AKI (OR: 4.74, 95% CI: 4.07-5.54) (Table 4).

The Performance of the Novel Risk Model on Other Clinical Outcomes

The performance of the risk model is next evaluated for clinical outcomes other than AKI prediction, such as acute
respiratory failure, ICU mortality and in-hospital mortality. When adjusted for various models in both the training set and
the validation set, univariate and multivariate logistic regression analysis of the critically ill AECOPD patients showed
that they were more likely to experience acute respiratory failure (Table 4), ICU mortality, and in-hospital mortality
(Table 5). This was especially true for patients who were classified as high-risk by the WBC-related indicators risk
model. Additionally, a waterfall plot analysis showed that there was a direct correlation between risk score and the
proportion of cases of acute respiratory failure (Figures 3B), ICU mortality (Figure 4A), and in-hospital mortality
(Figure 4B) both in the training set and validation set (Supplemental Figure 1B—D). Furthermore, in almost all subgroups,

patients in the high-risk group were more likely than those in the low-risk group to experience acute respiratory failure
(Figure 3C), ICU mortality, and in-hospital death.

The risk score and ICU mortality of patients in the training set were correlated, as shown in Figure 5. The likelihood
of dying in an ICU increases with higher risk score (Figure SA and B). According to the heat-map (Figure 5C), patients
in the high-risk category had higher values for WBC-related variables. Figure 5D shows that the risk score’s AUC for
ICU mortality was 0.822 (95% CI: 0.786-0.858). The risk model was clinically beneficial in predicting ICU mortality,
according to decision curve analysis (DCA) (Figure SE). Additionally, the Kaplan—Meier curve analysis showed that the
prognosis for the high-risk group was poorer than that of the low-risk group (Figure 5F). Consistent with predicting ICU
mortality, this risk model also shows good predictive value for in-hospital mortality. Risk score raises the likelihood of
dying in a hospital setting (Figure 6A and B). According to the heat-map (Figure 6C), patients in the high-risk category
showed higher values for WBC-related factors. The risk score’s AUC for in-hospital mortality was 0.815 (95% CI:
0.794-0.835), as shown in Figure 6D. Decision curve analysis (DCA) revealed that the risk model was clinically useful
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Figure 3 The waterfall plots and forest plots of the high-risk group and low risk group for the prediction of acute kidney injury and acute respiratory failure for patients in
the training set. The waterfall plot of risk score for each patient of acute kidney injury (A) and acute respiratory failure (B). The subgroup analysis of the risk score in
individuals for acute kidney injury and acute respiratory failure (C).
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Table 4 Univariate and Multivariate Logistic Regression Analysis for

Clinical Outcomes

Methods OR (95% CI) P value
In training set
For AKI
Unadjusted 4.74 (4.07-5.54) <0.001
Adjusted for model | 4.72 (4.05-5.51) <0.001
Adjusted for model Il 4.70 (3.99-5.45) <0.001
Adjusted for model IlI 4.81 (4.11-5.64) <0.001
For acute respiratory failure
Unadjusted 1.28 (1.12—1.46) <0.001
Adjusted for model | 1.27 (1.12—1.45) <0.001
Adjusted for model Il 1.26 (1.10-1.44) 0.001
Adjusted for model IlI 1.25 (1.09-1.43) 0.001
In validation set
For AKI
Unadjusted 4.80 (3.63-6.35) <0.001
Adjusted for model | 4.79 (3.62-6.34) <0.001
Adjusted for model Il 4.38 (3.23-5.95) <0.001
Adjusted for model IlI 4.93 (3.56-6.84) <0.001
For acute respiratory failure
Unadjusted 1.39 (1.13-1.89) 0.019
Adjusted for model | 1.40 (1.04-1.90) 0.028
Adjusted for model Il 1.21 (1.06—1.56) 0.031
Adjusted for model IlI 1.16 (0.94-1.52) 0.173

Notes: Model | adjusted for age, gender, body mass index, ethnicity. Model Il adjusted
for model | plus comorbidities, score system, interventions, and drug usage. Model llI
adjusted for model Il plus vital signs and laboratory results except for white blood
count.
Abbreviations: AKI, acute kidney injury; OR, odds ratio; 95% Cl, 95% confidence
index.

Table 5 Univariate and Multivariate COX Regression Analysis

for Clinical Outcomes

Methods HR (95% CI) P value
In training set
For ICU mortality
Unadjusted 5.11 (2.85-9.16) <0.001
Adjusted for model | 5.17 (2.88-9.29) <0.001
Adjusted for model Il 5.44 (3.02-9.82) <0.001
Adjusted for model IlI 5.29 (2.91-9.62) <0.001
For in-hospital mortality
Unadjusted 4.17 (3.08-5.65) <0.001
Adjusted for model | 4.05 (2.99-5.48) <0.001
Adjusted for model Il 4.09 (3.02-5.54) <0.001
Adjusted for model IlI 3.95 (2.91-5.36) <0.001
In validation set
For ICU mortality
Unadjusted 7.27 (3.62-16.72) <0.001
Adjusted for model | 7.25 (3.15-16.66) <0.001
Adjusted for model Il 6.62 (2.86-15.29) <0.001
Adjusted for model IlI 7.50 (3.15-17.82) <0.001
(Continued)
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Table 5 (Continued).

Methods HR (95% CI) P value

For in-hospital mortality

Unadjusted 7.09 (3.82-13.16) <0.001
Adjusted for model | 7.25 (3.90-13.48) <0.001
Adjusted for model Il 6.19 (3.32-11.54) <0.001
Adjusted for model Il 7.23 (3.78-13.83) <0.001

Notes: Model | adjusted for age, gender, body mass index, ethnicity. Model Il
adjusted for model | plus comorbidities and Charlson comorbidity index, HAS-
BLED score, score system, interventions, and drug usage. Model Ill adjusted for
model Il plus vital signs and laboratory results except for white blood count.
Abbreviations: AKI, acute kidney injury; HR, hazard ratio; 95% Cl, 95% confidence
index.

in predicting in-hospital mortality (Figure 6E). Additionally, the prognosis for the high-risk group was worse than that for
the low-risk group, according to the Kaplan—Meier curve analysis both in the training set and in the validation set
(Figure 6F, Supplemental Figure 2).

Discussion

In the present study, we for the first time explored the incidence of AKI in critically ill AECOPD patients and constructed
a novel risk model to AKI prediction. The main findings of this retrospective study demonstrated that AKI is a common
complication in critically ill AECOPD patients, WBR, WHR, NLR and SII were found to be significant predictors of
AKI, and WBC-related indicators-based risk model was established. The novel risk model including WBR, WHR, NLR
and SII exhibited good predictive performance of AKI and other clinical outcomes including acute respiratory failure,
ICU mortality, and in-hospital mortality.

Recent studies have found that AKI is a common complication of AECOPD patients which neglected by previous
researchers. Barakat et al showed that the incidence of AKI in patients with COPD was 128/100,000 person-years, and
the prevalence of AKI in patients with AECOPD was 1.9%.'® Hirayama et al reported that the incidence of AKI was
7.0% in AECOPD patients.'” Chen et al indicated that hospital-acquired AKI was 7.9% in AECOPD patient.'® Another
study reported a higher AKI occurrence in AECOPD patients, Wan et al illustrated that 1768 patients admitted to Nanjing
First Hospital with a principal diagnosis of AECOPD. Of these, 377 (21%) patients had AKI.'® Furthermore, Cao et al
investigated the community-acquired AKI (CA-AKI) and hospital-acquired AKI (HA-AKI) in patients with AECOPD,
and found that prevalence of CA-AKI was 15.8% and that of HA-AKI was 5.5%, giving an overall AKI prevalence of
21.3%.” In the present study, we found 34.0% AKI in critically ill AECOPD patients in elCD-CRD database, and 56.3%
AKI in critically ill AECOPD patients in MIMIC-IV. The difference of the incidence of AKI in these ICU databases
might partly because of the severity of disease (MIMIC database was a single-center database from the Beth Israel
Deaconess Medical Center, while the eICU database was a multi-center database from different levels of hospitals across
the US).

AECOPD patients complicated with AKI exhibited worse prognosis than those non-AKI patients. Previous studies
reported that AECOPD patients complicated with AKI were more likely to require non-invasive mechanical ventilation,
had a longer duration of mechanical ventilation and duration of hospital stay, higher in-hospital mortality and higher all-
cause readmission than those without AKIL.'®'® Hence, it is important to seek biomarkers or risk model for early
detection, early diagnosis, and early intervention of the disease can significantly improve prognosis and reduce patient
mortality. Chen et al evaluated whether serum cystatin C on admission could predict AKI in patients with AECOPD and
the results demonstrated that serum cystatin C has the potential for use to predict the risk of HA-AKI in patients with
AECOPD.'® Another study also explored the potential biomarkers predict the AKI in AECOPD patients and concluded
that hypoxia and inflammation might be risk factors for renal injury in patients with AECOPD, serum cystatin C and
beta-2 (B2) microglobulin (B2-MG) could be sensitive indicators for the early detection of renal injury.® Wei et al found
that interleukin-10 (IL-10) and neutrophil gelatinase-associated lipocalin (NGAL) have a better diagnostic effect in
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Figure 4 The waterfall plots and forest plots of the high-risk group and low risk group for the prediction of in-hospital mortality and ICU mortality in the training set. The
waterfall plot of risk score for each patient of in-hospital mortality (A) and ICU mortality (B). The subgroup analysis of the risk score in individuals for in-hospital mortality

and ICU mortality (C).
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Figure 5 The risk score was established to detect the ICU mortality of patients in the training set. All patients were distinguished into high and low risk based on the risk
score (A), the relationship between survival time and prognosis of patients in the two corresponding groups (B), and the heatmap of WBC-based markers between the two
groups (C). Receiver operating characteristic (ROC) curve analysis of the risk score for ICU mortality (D), Decision curve analysis of the risk score for ICU mortality (E).
Kaplan—Meier curves showing the ICU mortality of groups with different risk (F).

AECOPD with AKI patients.”’ However, biomarkers or risk models to predict AKI in AECOPD patients in the setting of
ICU have not been explored.

The possible link between AECOPD and AKI was inflammation. AECOPD might result in a marked rise in endotoxin
levels in the blood. An elevated level of endotoxin can stimulate the production of inflammatory factors, lead to blood
vessel content to decrease, blood pressure to drop, renal perfusion to decrease, and vasodilation, vascular permeability,
and serum protein exudation to increase, all of which directly impair kidney function. Large amounts of cytokines and
inflammatory mediators can be released during an acute exacerbation. Numerous studies have revealed that people with
COPD emit a range of inflammatory factors, including IL-6 and tumor necrosis factor (TNF)-a. Additionally, the levels
of inflammatory factors considerably increase as the severity of COPD increases. Elevated TNF-a and IL-6 levels have
been linked to renal injury development and progression, as demonstrated by animal and clinical investigations, which
ultimately resulted in AKI.>*** WBC is an easy-obtained indicator, which reflected the systemic inflammatory condition.
Hence, this study aimed to develop a novel risk model based on the WBC-related indicators for AKI and prognosis of
critical ill AECOPD patients.

In the present study, multivariate logistic regression analysis identified that WBR, WHR, NLR and SII were
independent prognosis for AKI prediction, a novel AKI prediction model was then established. Previous research has
described a prognosis prediction risk model based on WBC-related markers. According to a recent study by Gao et al,
preoperative WHR, WMR, and PLR are related to the prognosis of bladder cancer. Based on these data, a risk model was
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Figure 6 The risk score was established to detect the in-hospital mortality of patients in the training set. All patients were distinguished into high and low risk based on the
risk score (A), the relationship between survival time and prognosis of patients in the two corresponding groups (B), and the heatmap of WBC-based markers between the
two groups (C). Receiver operating characteristic (ROC) curve analysis of the risk score for in-hospital mortality (D), Decision curve analysis of the risk score for in-hospital
mortality (E). Kaplan—Meier curves showing the in-hospital mortality of groups with different risk (F).

developed that demonstrated good prognosis predicting performance.'® Another study looked into the use of WBC-
related indicators to predict AKI in patients with critically sick ischemic strokes, the findings showed that a risk model
based on WLR, WBR, WHR, and NLR performed well in predicting AKI in these patients.'" Consistent with previous
research results, our results manifested that the novel risk model, which integrated WBC-related indicators WBR, WHR,
NLR and SII, exhibited excellent predictive performance of AKI as well as acute respiratory failure, ICU mortality, and
in-hospital mortality.

Several limitations of this study should be addressed. Firstly, this study was a retrospective study based on two largely
public database, and the results should be verified by external validation; therefore, large-scale multicenter prospective
cohort studies are necessary to strengthen the results. Second, data such as COPD severity stage were not available in this
study, and moreover, the diagnosis of AECOPD based on the ICD code in this retrospective study. Thirdly, only WBC-
related indicators within 24 hours after ICU admission were collected, dynamic changes of WBC-related indicators are
needed. Moreover, due to the possibility of incorrect urine volume data from the use of diuretics, the urine standard was
not employed in the diagnosis of AKI. AKI’s overall incidence rate might decline as a result.

Conclusion

The incidence of AKI is common in critically ill AECOPD patients. A novel risk model based on WBC-related indicators
which contained WBR, WHR, NLR and SII was established, and this risk model exhibited good clinical outcomes
predictive performance.
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