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Background: We aimed to investigate the association between preoperative glucose-to-
lymphocyte ratio (GLR) and cardiac surgery associated with acute kidney injury (CSA-AKI)
in patients in the intensive care unit (ICU).

Methods: The Medical Information Mart for Intensive Care IV (MIMIC-IV version 1.0)
database was used to identify adults’ patients who performed cardiac surgery during ICU
stay. The primary outcome was the development of AKI based on the KDIGO criteria.
Multivariable logistic regression was applied to investigate the association between GLR and
clinical outcomes, and propensity score matching (PSM) and inverse probability of treatment
weighting (IPTW) were also used to validate our findings.

Results: The optimal cut-off value for GLR was 1.28. Among the 7181 patients who
conducted cardiac surgery, 2072 high-GLR group (>1.28) patients and 2072 low-GLR
group (<1.28) patients, had similar propensity scores were included in this study. After
matching, the high-GLR group had a significantly higher incidence of AKI (odds ratio, OR,
3.28, 95% confidence index, 95% CI, 2.81-3.84, P <0.001) even after adjustment for
confounding factors. Moreover, the performance of GLR was superior to that of SOFA
scores and GLR plus clinical model could add more net benefit for CSA-AKI than clinical
model alone.

Conclusion: Preoperative GLR could serve as a good predictor for CSA-AKI in patients in
ICU.

Keywords: glucose to lymphocyte, cardiac surgery, acute kidney injury, Medical
Information Mart for Intensive Care, propensity score matching

Introduction

As one of the most common major complications with limited therapy options,
acute kidney injury (AKI) is still one of the most frustrating disease worldwide,
especially for patients in intensive care units (ICU) in the last decades."* Among
them, cardiac surgery-associated AKI (CSA-AKI), as the second most common
cause of AKI for ICU patients, is independently associated with increased morbid-
ity and mortality, prolonged length of hospital stays and increased healthcare
costs.” ® It is currently acknowledged that timely identifying patients at high risk
of AKI and then providing appropriate interventions at an early stage could improve
the prognosis of AKI patients.”'' Hence, a novel biomarker with high prediction
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accuracy and easily accessible is essential for clinicians in
immediate and appropriate decision-making regarding
treatment options.

The glucose-to-lymphocyte ratio (GLR), which is cal-
culated from the serum glucose concentration and total
lymphocyte count in the peripheral blood, is an index
that reflects glucose metabolism and systemic inflamma-
tory status and has been demonstrated to be a good prog-
nostic marker for patients with different cancers.'>"*
However, to the best of our knowledge, no study was
conducted to investigate the association between GLR
and AKI, considering that inflammation involves the
initiation, development and progression of AKI. Thus, in
the current study, we conducted a retrospective study to
verify the predictive value of the preoperative GLR for the
development of postoperative AKI after cardiac surgery in
patients in ICU using a large public database.

Materials and Methods

Data Source

The data were collected from a large US-based critical
care database called Medical Information Mart for
Intensive Care IV version 1.0 (MIMIC IV v1.0)." It is
a publicly and freely accessible database containing infor-
mation of more than 50,000 patients admitted to the ICUs
of Beth Israel Deaconess Medical Center in Boston, MA,
from 2008 to 2019. The database has been approved by the
Institutional Review Board (IRB) of the Massachusetts
Institute of Technology (MIT). After successfully accom-
plishing the National Institutes of Health’s (NIH) online
training course and the Protection of Human Research
Participants Examination, we had the access to extract
data from MIMIC-IV database. Considering that all
patients in this database were de-identified, informed con-
sent was waived, and data were extracted using Structured
Query Language with PostgreSQL 9.6.

Selection of Participants

Patients who performed cardiac surgery based on the ninth
or tenth revision of the International Classification of
Diseases (ICD-9/10) code during their admissions were
included in this study. AKI was defined based on the
KDIGO guideline of seven days. For patients readmitted
to the ICU, only the first ICU admissions were included in
this study. We excluded patients who were younger than
18 years old or who spent less than 48 hours in the ICU.
Patients with end-stage kidney disease (ESKD), missing

values of glucose or lymphocyte, and developed AKI
before surgery were also excluded in this study (Figure 1).

Variable Extraction
Baseline characteristics and admission information: age,
gender, admission type, surgery type, body mass index
(BMI), and severity score measured by the sequential
organ failure assessment (SOFA) score, the oxford acute
severity of illness score (OASIS), acute physiology score
III (APSII), the simplified acute physiology score II
(SAPSII) and the Charlson comorbidity score were calcu-
lated as described in previous studies.'®° Commodities
including hypertension, diabetes, chronic kidney disease
(CKD), congestive heart failure (CHF), myocardial infarct
and liver disease were also collected for analysis based on
the (ICD-9/10) codes in the MIMIC-III database. Use of
mechanical ventilation (MV), vasopressors and renal
replacement therapy before the diagnosis of AKI were
also recorded in this study. Moreover, initial vital signs
and laboratory results were also extracted using Structured
Query Language with PostgreSQL 9.6.

The GLR was calculated using preoperative serum
blood glucose (mmol/L)/lymphocyte count (x 10°/L).

The primary outcome of this study was the incidence
of AKI after cardiac surgery, which was stratified based on
its severity, according to the KDIGO Clinical Practice
Guidelines for AKI.

Statistical Analysis

Continuous variables were expressed as mean (standard
deviation), categorical covariates were reported as number
(percentage). The receiver operating characteristic (ROC)
curve was used to determine the optimal cut-off GLR
based on the Youden index. Propensity score matching
(PSM) and propensity score-based inverse probability of
treatment weighting (IPTW) were also applied to adjust
the imbalance of the covariates between the two groups to
ensure the robustness of our results. One-to-one nearest
neighbor matching with a caliper width of 0.2 was used in
the current study. The standardized mean differences
(SMDs) were calculated to evaluate the effectiveness of
the PSM and IPTW models. We also calculated Spearman
correlation coefficients for the relationship between GLR
and the severity of AKI stage in the original cohort as well
as in the matched cohort. Multivariate logistic regression
and adjusted odds ratios (ORs) were also conducted in the
original cohort, matched cohort and weighted cohort,
respectively, to investigate the association between GLR
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Figure | Study flow diagram in the present study.
and the incidence of AKI. The added value of GLR in the Results

risk prediction model was assessed using the likelihood
ratio test of nested models. Discrimination was also
assessed by the integrated discrimination index (IDI).
Improvement in clinical risk stratification was assessed
by calculating net reclassification improvement (NRI).
Finally, the decision curve analysis (DCA) was also per-
formed to evaluate the potential clinical usefulness and
benefits of the GLR, clinical model, and GLR + clinical
model. All analyses were performed using R (version

4.1.0) and p < 0.05 was considered statistically significant.

Patients Characteristics

A total of 7181 patients who performed cardiac surgery
during their ICU admission were included in this study
and the flow chart of the included population is shown in
Figure 1. Of the 7181 patients, CSA-AKI occurred in 5167
(72.0%) patients. According to the KDIGO criteria, 1756
(24.5%) patients were AKI stage I, 2895 (40.3%) patients
were AKI stage II and 516 (7.2%) patients were AKI stage
III. The included patients were divided into two groups
according to the optimal cut-off value of GLR, 5101
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patients in the high-GLR group (>1.28), and 2080 patients
in the low-LMR group (<1.28). As described in Table 1,
before PSM, 14/33 covariates (BMI, admission type,
mechanical ventilation or vasopressors usage, SOFA
score, OASIS score, SAPSII score, APSIII score, hemo-
globin, platelet, albumin, bicarbonate, blood urea nitrogen,
potassium) were imbalanced between high-GLR group and
low-GLR group. Based on the estimated propensity scores,
PSM and IPTW were applied to standardize the differ-
ences between the two groups. As shown in Table 1 and
Figure 2, the imbalance between the high-GLR group and
low-GLR group was significantly decreased, and all cov-
ariates were comparable between the two groups.

GLR as a Predictor for the Primary End

Point

As described in Table 1, compared with patients in low-
GLR group, high-GLR group had a relative higher inci-
dence of AKI (79.3% versus 54.0%, P < 0.001). The
Spearman correlation coefficients showed that GLR was
significantly positively correlated with AKI stage in the
original cohort (r=0.280, P<0.001) as well as in the
matched cohort (r=0.383, P<0.001).

The univariate logistic regression analysis indicated
that high GLR group patients were associated with
increased incidence of AKI, with the crude odds ratio
(OR) was 3.26 (95% confidence index, 95% CI, 2.92—
3.64, P<0.001) and the association remained robust after
PSM (OR, 2.43, 95% CI 2.13-2.77, P<0.001) and IPTW
(OR, 2.48, 95% CI 2.21-2.78, P<0.001) (Table 2). These
findings were further confirmed by the results of the multi-
variate analyses. High GLR group was still an independent
predictor for AKI in original cohort (OR=3.24, 95% CI
2.85-3.70, P<0.001), in matched cohort (OR=3.28, 95%
CI 2.81-3.84, P<0.001) and in weighted cohort (OR=3.16,
95% CI 2.77-3.61, P<0.001) after adjustment for age,
gender, BMI, admission type, surgery type, comorbidities,
score system, interventions, vital signs and laboratory
results (Table 2).

Effect of GLR on Risk Reclassification of
AKI

To determine whether GLR materially improved risk
reclassification of AKI, NRI and IDI were used in the
original cohort and in the matched cohort. As described
in Table 3, the addition of GLR importantly improved the
risk reclassification (as measured using NRI and IDI) of

AKI compared to the SOFA score and clinical model
alone.

Clinical Usefulness of GLR

A DCA curve was introduced to evaluate the clinical use
of GLR for AKI. According to the DCA, when the thresh-
old probability for a patient was within the range of 0—
100%, the GLR added more net benefit than the “treat all”
or “treat none” strategies both in the original cohort and in
the matched cohort. Moreover, GLR could also add more
net benefits for clinical model than clinical model alone
(Figure 3A and B). Hence, these results indicated that
GLR could be of clinical usefulness.

Discussion

In the current study, we retrospectively enrolled 7181 ICU
patients with cardiac surgery and found that high GLR
group patients had increased incidence of CSA-AKI and
demonstrated that preoperative GLR was an independent
predictor for AKI after adjusting confounding factors. In
addition, the performance of GLR was superior to that of
SOFA scores and GLR plus clinical model could add more
net benefit for CSA-AKI than clinical model alone. Hence,
those results suggested that the GLR might be a good
predictor for identifying patients at high risk of CSA-
AKI in patients in ICU.

CSA-AKI is the second most common cause of AKI
for critically ill patients (followed by sepsis) and is sig-
nificantly associated with increased mortality, prolonged
length of hospital stays and increased health-care cost.”' >
In the current study, the rate of postoperative AKI in ICU
patients with cardiac surgery is 72.0%, which is higher
than previous studies for hospitalized patients in general
ward.”*** Hence, a novel biomarker that could identify
patients at high risk of AKI after cardiac surgery earlier
might lead to better clinical outcomes and lower hospital
expenses.

The association between GLR and clinical outcomes
had been demonstrated in previous studies in patients with
different cancers. Zhang et al measured the levels of blood
glucose and lymphocyte and concluded that preoperative
GLR is an independent predictor to predict the overall
survival of pancreatic ductal adenocarcinoma patients
who underwent curative resection.'® Similar results had
also been found in patients with pancreatic cancer as
well as resected pT2 gallbladder cancer.'’ Nevertheless,
to the best of our knowledge, this is the first study to
investigate the association between preoperative GLR
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Table 1 Comparisons of Baseline Characteristics Between the Original Cohort, Matched Cohort and Weighted Cohort
Covariate Original Cohort Matched Cohort Weighted Cohort
Low GLR | High GLR | SMD | Low GLR | High GLR | SMD | Low GLR High GLR SMD
N 2080 5101 - 2072 2072 - 2013.77 2010.26 -
Age, years 68.1 (12.4) | 693 (11.7) | 0.095 | 68.1 (124) | 67.8 (12.4) | 0.020 | 68.3 (12.3) 68.3 (12.1) 0.002
Gender, male, n (%) 1448 (69.6) | 3587 (70.3) | 0.015 | 1444 (69.7) | 1450 (70.0) | 0.006 | 14,005.7 (69.8) | 1404.2 (69.9) | 0.001
BMI (kg/m?) 284 (5.9) 29.1 (6.0) 0.118 | 284 (5.9) 285 (5.7) 0.012 | 284 (6.0) 28.4 (5.7) 0.009
Admission type, n (%) 0.250 0.095 0.007
Elective 216 (10.4) 600 (11.8) 216 (10.4) 266 (12.8) 214.4 (10.6) 224.9 (10.7)
Emergency 590 (27.9) 968 (19.0) 574 (27.7) 608 (29.3) 533.0 (26.5) 529.9 (26.4)
After surgery 568 (27.3) 1689 (33.1) 567 (27.4) 592 (28.6) 564.8 (28.0) 568.5 (28.3)
Urgent 613 (29.5) 1438 (28.2) 612 (29.5) 512 (24.7) 598.5 (29.7) 593.2 (29.5)
Observation 103 (5.0) 406 (8.0) 103 (5.0) 94 (4.5) 103.0 (5.1) 103.8 (5.2)
Surgery type, n (%) 0.073 0.017 0.009
Coronary artery 1470 (70.7) | 3590 (70.4) 1465 (70.7) | 1456 (70.3) 1421.5 (70.6) 1411.9 (70.2)
Valvular 538 (25.9) 1393 (27.3) 537 (25.9) 550 (26.5) 528.4 (26.2) 535.1 (26.6)
Others 72 (3.5) 118 (2.3) 70 3.4) 66 (3.2) 63.9 (3.2) 63.3 (3.1)
Interventions, n (%)
MV use 1622 (78.0) | 4409 (86.4) | 0.222 | 1618 (78.1) | 1622 (78.3) | 0.005 | 1597.3 (79.3) 1698.9 (79.5) | 0.005
CRRT use 23 (1.1) 86 (1.7) 0.049 | 23 (l.1) 22 (1.1) 0.005 | 23.0 (I.1) 229 (I.1) <0.001
Vasopressors usage | 1377 (66.2) | 3752 (73.6) | O.161 | 1373 (78.1) | 1386 (66.9) | 0.013 | 1355.2 (67.3) 1353.3 (67.3) | <0.001
Score system, points
SOFA 4.8 (1.9) 5.4 (2.0) 0.206 | 4.8 (1.9) 4.9 (1.9) 0.021 | 4.8 (1.9) 4.9 (1.9) 0.013
OASIS 29.7 (7.8) 31.4 (8.0) 0.217 | 29.7 (7.8) 29.8 (7.9) 0.013 | 29.9 (7.8) 29.9 (7.9) 0.004
APSIII 38.0 (8.7) 40.6 (10.8) | 0.136 | 38.0 (8.7) 377 (7.9) 0.020 | 382 (8.9) 38.4 (8.1) 0.008
SAPSII 346 (11.7) | 37.0(11.8) | 0204 | 34.6 (11.7) | 345 (11.0) | 0.009 | 34.8 (11.7) 349 (11.2) 0.009
Comorbidities, n (%)
Hypertension 1198 (57.6) | 2929 (57.4) | 0.004 | 1194 (57.6) | 1206 (58.2) | 0.012 | 1161.6 (57.7) 1250.9 (57.3) | 0.009
Diabetes 686 (33.0) 1848 (36.2) | 0.068 | 685 (33.1) 682 (32.9) 0.003 | 671.8 (33.4) 672.6 (33.5) | 0.002
CKD 333 (16.0) 859 (16.8) 0.022 | 333 (l6.1) 310 (15.0) 0.031 | 325.2 (16.1) 329.3 (16.4) | 0.006
Myocardial infarct 793 (38.1) 1772 (34.7) | 0.070 | 791 (38.2) 720 (34.7) 0.071 | 757.7 (37.6) 7447 37.0) | 0.012
CHF 631 (30.3) 1594 (31.2) | 0.020 | 629 (30.4) 610 (29.4) 0.020 | 613.7 (30.5) 621.4 (30.9) | 0.009
Liver disease 85 (4.1) 205 (4.0) 0.003 | 85 (4.1) 80 (3.9) 0.012 | 83.1 (4.1) 84.2 (4.2) 0.003
Charlson index 5.3 (1.3) 5.4 (1.2) 0.066 | 5.3 (1.3) 52 (1.2) 0.039 | 5.3 (1.3) 5.3 (1.3) 0.004
Vital signs
MAP, mmHg 79.9 (15.0) | 79.6 (15.5) | 0.024 | 79.9 (15.0) | 79.7 (I15.1) | 0.016 | 79.9 (14.9) 79.9 (15.7) 0.002
Heart rate, bpm 81.7 (14.0) | 80.6 (13.4) | 0.078 | 81.6 (14.0) | 81.3 (144) | 0.022 | 81.5(13.9) 81.6 (14.1) 0.007
RR, bpm 16.4 (4.9) 16.6 (5.5) 0.024 | 16.4 (4.8) 16.7 (4.8) 0.032 | 16.4 (4.9) 16.4 (4.9) 0.004
SpO2, % 98.3 (3.1) 98.5 (2.8) 0.047 | 98.3 (3.1) 98.5 (2.4) 0.013 | 984 (3.1) 98.3 (2.9) 0.005
Laboratory results
WBC, x 10°/L 12.0 (4.1) 12.2 (3.2) 0.036 | 12.0 (4.1) 12.1 (3.5) 0.013 | 12.0 (4.1) 12.1 (3.0) 0.011
HGB, g/dL 10.7 (2.3) 10.3 (2.2) 0.173 | 10.7 (2.3) 10.7 (2.3) 0.007 | 10.6 (2.3) 10.7 (2.3) 0.006
PLT, x 10°/L 192.2 (58.1) | 172.8 (48.5) | 0.232 | 191.6 (57.4) | 193.3 (58.8) | 0.018 | 189.2 (57.1) 189.8 (58.7) | 0.007
Albumin, mg/dL 3.6 (0.6) 3.5 (0.6) 0.147 | 3.6 (0.6) 3.6 (0.6) 0.010 | 3.6 (0.6) 3.6 (0.6) 0.009
Anion gap, mEq/L 13.3 (3.8) 13.0 (3.9) 0.080 | 13.3 (3.8) 13.3 (3.9) 0.009 | 13.2 (3.8) 13.3 (3.9) 0.013
Bicarbonate, mEq/L | 23.6 (3.4) 23.1 (3.2) 0.165 | 23.6 (3.4) 23.6 (3.5) 0.006 | 23.6 (3.8) 235 (3.5) 0.007
BUN, mg/dL 225 (5.1) 20.6 (3.9) 0.127 | 224 (5.7) 22.8 (4.6) 0.027 | 22.0 (5.1) 222 (6.3) 0.014
Creatinine, mg/dL 1.2 (0.4) 1.2 (0.5) 0.021 | 1.2 (0.4) 1.1 (0.3) 0.026 | 1.2 (0.4) 1.2 (0.5) 0.012
Potassium, mmol/L | 4.2 (0.6) 4.3 (0.6) 0.168 | 4.2 (0.6) 4.3 (0.6) 0.022 | 4.2 (0.6) 4.3 (0.6) 0.022
(Continued)
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Table | (Continued).

Covariate Original Cohort Matched Cohort Weighted Cohort
Low GLR | High GLR | SMD | Low GLR | High GLR | SMD | Low GLR High GLR SMD
Sodium, mmol/L 138.7 (3.7) 1384 (3.5) | 0.078 | 138.7 (3.7) 1385 (3.6) | 0.042 | 1387 (3.7) 138.6 (3.5) 0.003
AKI stages, n (%) 0.569 0.427 0.440
No AKI 957 (46.0) 1057 (20.7) 950 (45.8) 536 (25.9) 912.1 (45.3) 503.5 (25.0)
Stage | 438 (21.1) 1318 (25.8) 437 (21.1) 590 (28.5) 425.6 (21.1) 528.5 (26.3)
Stage Il 576 (27.7) 2319 (45.5) 576 (27.8) 806 (38.9) 567.8 (28.2) 842.8 (41.9)
Stage Il 109 (5.2) 407 (8.0) 109 (5.3) 140 (6.8) 108.4 (5.4) 135.5 (6.7)

Note: For all continuous covariates, the mean values and standard deviations are reported.

Abbreviations: GLR, glucose-to-lymphocyte ratio; SMD, standardized mean difference; MV, mechanical ventilation; RRT, renal replacement therapy; SOFA, sequential organ
failure assessment; OASIS, oxford acute severity of illness score; APSIII, acute physiology score Ill; SAPS Il, Simplified Acute Physiology Score II; CKD, chronic kidney disease;
CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MAP, mean arterial pressure; RR, respiratory rate; WBC, white

blood cell; HGB, hemoglobin; PLT, platelet; BUN, blood urea nitrogen.

and CSA-AKI in patients in ICU, and we concluded that
GLR could be an independent predictor for CSA-AKI with
good discrimination and clinical usefulness.

As we all known that inflammation has been associated
with the initiation, development and prognosis of AKI and
AKI in some way was associated with intrarenal and
systemic inflammation.”® Moreover, a high GLR repre-
sents a high glucose content and a low lymphocyte
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content. As we all know, diabetes is reported as a risk
factor for AKI considering that diabetes patients have
significantly higher rate of AKI and nearly half of diabetes
patients develop AKI and this remains true for patients
with preexisting CKD.>”*® Furthermore, high levels of
blood glucose could indicate states of exacerbation of the
neuroendocrine-metabolic response to cardiac surgery.

Higher preoperative blood glucose levels are associated

Method
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+ Matched

Weighted

0.4

SMD

Figure 2 Standardized mean difference (SMD) of variables before and after propensity score matching and weighting.
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Table 2 Summary of Results of Primary Outcome
Original Cohort Matched Cohort Weighted Cohort
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Unadijusted 3.26 (2.92-3.64) <0.001 243 (2.13-2.77) <0.001 248 (2.21-2.78) <0.001
Model | 3.10 (2.71-3.49) <0.001 2.63 (2.29-3.02) <0.001 2.65 (2.35-2.98) <0.001
Model 2 3.14 (2.80-3.53) <0.001 2.64 (2.30-3.04) <0.001 2.66 (2.36-3.00) <0.001
Model 3 3.01 (2.66-3.41) <0.001 3.03 (2.61-3.53) <0.001 3.02 (2.65-3.43) <0.001
Model 4 3.24 (2.85-3.70) <0.001 3.28 (2.81-3.84) <0.001 3.16 (2.77-3.61) <0.001

Notes: Model | adjusted for age, gender, BMI, admission type, surgery type. Model 2 adjusted for model | plus comorbidities. Model 3 adjusted for Model 2 plus score
system, interventions. Model 4 adjusted for model 3 plus vital signs and laboratory results.

Table 3 NRI and IDI Analyses for Risk Reclassification of AKI in Original Cohort and Matched Cohort

Outcome AUC IDI NRI*
Biomarker | Biomarker+ | Clinical | P value® | Value (95% CI) P value | Value (95% CI) P value
Clinical Model®
Model
Orriginal cohort
GLR 0.716 0.832 0.792 <0.001 0.082 (0.076-0.089) | <0.001 0.162 (0.141-0.184) <0.001
SOFA 0.671 0.790 0.274 0.003 (0.002-0.005) | <0.001 0.001 (—0.008-0.011) | 0.785
GLR+SOFA 0.757 0.833 <0.001 0.085 (0.078-0.092) | <0.001 0.166 (0.144-0.188) <0.001
Matched cohort
GLR 0.755 0.835 0.781 <0.001 0.105 (0.096-0.114) | <0.001 0.231 (0.202-0.261) <0.001
SOFA 0.666 0.780 0.593 0.003 (0.001-0.005) | 0.005 0.014 (0.004-0.258) 0.007
GLR+SOFA 0.759 0.836 <0.001 0.107 (0.098-0.117) | <0.001 0.245 (0.215-0.275) <0.001

Notes: *The NRlI is calculated through two-way category by using the event rate of AKI. "The clinical model for predicting AKI are composed of age, gender, BMI, admission
type, surgery type, comorbidities, Charlson index, interventions, score system (excluding SOFA score), vital signs and laboratory results. “Biomarker+clinical model versus

clinical model.

Abbreviations: AUC, area under the receiver-operating characteristic curve; AKI, acute kidney injury; IDI, integrated discrimination improvement; NRI, Net reclassifica-
tion index; GLR, glucose to lymphocyte ratio, SOFA, sequential organ failure assessment.

with higher morbidity of complications in the postopera-
tive period of pediatric cardiac surgery.”’ As one of the
most common components of the systemic inflammatory
response, lymphocytes are well-known inflammatory mar-
kers involved in AKI. Increasing studies have taken the
lymphocyte-based serum inflammatory biomarkers into
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Figure 3 Decision curve analysis for preoperative GLR and clinical model to detect its clinical usefulness in the original cohort (A) and in the matched cohort (B).
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we retrospectively enrolled 7181 patients who were
admitted to ICU after cardiac surgery using a large public
database and found a positive correlation between GLR
and the development of AKI. Moreover, this association
became robust even after PSM and IPTW were applied to
eliminate the imbalance of the covariates between high-
GLR and low-GLR groups.

Several limitations should be considered in this study.
First, this study is based on a single-center public database,
which may lead to may lead to some inherent and selection
biases even after a relatively larger sample size. Secondly,
we only calculated the GLR before cardiac surgery but did
not assess changes in GLR during ICU admission. Thirdly,
due to the limited database, some important intraoperative
and postoperative risk factors, such as cardiopulmonary
bypass (CPB) time, hemodilution, embolism, nephrotoxins
and so on, were missing in this study. Finally, this is
a retrospective single-center study, and further prospective
multicenter studies are needed to validate our findings.

Conclusions

In this study, we firstly demonstrated that preoperative
GLR could serve as an independent predictor for post-
operative CSA-AKI in patients in ICU, with good discri-
mination and clinical usefulness. Preoperative GLR, which
is an easily accessible and cost-effective parameter, pro-
vides a helpful index for clinicians to stratify the risk of
AKI and to plan treatment strategies.
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