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Abstract: Background and Objectives: this study aimed to clarify the relationship between inflammation-
based parameters and prognosis in patients with acute kidney injury (AKI). Materials and Methods:
We analyzed the prospectively collected data of patients with AKI, who were admitted through
the emergency department between March 2020 and April 2021. Their clinical characteristics,
inflammation-based parameters, resolving /non-resolving AKI pattern, and major adverse kidney
event (MAKE) rates were analyzed. Results: Among 177 patients, 129 (72.9%) had a resolving
AKI pattern and 48 (27.1%) had a non-resolving AKI pattern. The outcome of MAKE occurred in
30 (16.9%) participants. Multivariate analyses showed that the neutrophil-to-monocyte ratio was
an independent predictor of resolving AKI, and that the neutrophil-to-monocyte and neutrophil-to-
lymphocyte ratios were independent predictors of MAKE occurrence. Conclusions: we demonstrated
that inflammation-based parameters are valuable predictors of early recovery and MAKE occurrence
in patients with AKL
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1. Introduction

Acute kidney injury (AKI) is a pathological condition that impairs the structure and
function of the kidney, and is characterized by a sudden impairment of the functions
of the kidney. The risk factors and renal susceptibility to acute injury have been widely
studied. AKI is a broad clinical syndrome with complex and diverse causes, such as
secondary damage, caused by nephrotoxic drugs, infection, hypovolemia, and urinary
obstruction [1-3].

The overall incidence of AKI has recently increased, ranging from 5% to 25%, and is
associated with high morbidity and mortality. In addition, AKI increases the risk of chronic
kidney disease (CKD) and end-stage renal disease [2,4,5]. In AK]I, it is important to initially
identify the causes of renal damage and to orient the treatment. It is also important to infer
AKI recovery patterns, based on various causes, risks, and blood test results of patients,
and to predict severe complications, such as long-term dialysis and chronic kidney disease.
Therefore, the discovery of prognostic markers of AKI that are easy to assess in clinical
practice can assist decision making in the management of patients with AKL

The increased frequency of the systemic inflammatory response plays important roles
in the development of AKI. Several studies have focused on the importance of the systemic
inflammatory status in predicting the occurrence of AKL. Many studies demonstrated
that the values for several inflammation-based parameters, such as the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), albumin-to-globulin ratio
(AGR), and prognostic nutritional index (PNI), have been reported to correlate with the
development of AKI [6-10].

However, the usefulness of inflammation-based parameters in assessing patients with
AKIT has not yet been determined in terms of prognosis. Few studies have evaluated the
relationship between inflammation-based markers and clinical outcomes in patients with
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AKI. Therefore, in this study, we aimed to clarify the relationship between inflammation-
based parameters and prognosis in patients with AKI.

2. Materials and Methods
2.1. Patients

We analyzed the prospectively collected data of 204 patients with AKI who were
admitted through the emergency department at Kyunghee University Hospital, Korea,
between March 2020 and April 2021. AKI was defined using modified KDIGO criteria
based on an increase in serum creatinine concentration of >50% or >0.3 mg/dL above an
outpatient, non-emergency department baseline value, within 7-365 days before admis-
sion [11]. Urine output-based criteria were not included in the definition of AKI because
they were not reliably recorded in the emergency department. The exclusion criteria were
as follows: loss to follow-up, lack of routine blood indexes, and transfer to another hospital.
Finally, 177 AKI patients who had ended follow-up were included in this study.

2.2. Definition of Clinical Outcome

The staging of AKI is defined as follows: stage 1, serum creatinine level increased by
>0.3 mg/dL (>26 mmol/L) within 48 h or increased by 1.5-1.9 times from the baseline
value; stage 2, serum creatinine level increased by 2.0-2.9 times from the baseline value;
stage 3, serum creatinine level increased by >4.0 mg/dL (>354 mmol/L) within 48 h or
increased by >3.0 times from the baseline value or the requirement of renal replacement
therapy by the patient [11]. Resolving AKI was defined as a decrease in serum creatinine
concentration of >0.3 mg/dL or >25% from the maximum value in the first 72 h after
AKI diagnosis. Non-resolving AKI was defined as not meeting the definition of resolving
AKI. Major adverse kidney events (MAKEs) were defined as incident or progressive CKD,
long-term dialysis, or all-cause mortality during admission [12,13].

2.3. Evaluation of Systemic Inflammatory and Nutritional Indexes

NLR was calculated by dividing the neutrophil count by the lymphocyte count.
The PLR was calculated by dividing the platelet count by the lymphocyte count. The
lymphocyte-to-monocyte ratio (LMR) was calculated by dividing the lymphocyte count by
the monocyte count. The neutrophil-to-monocyte ratio (NMR) was calculated by dividing
the neutrophil count by the monocyte count. The PNI was calculated as 10 x serum
albumin level + 0.005 x total peripheral lymphocyte count (per mm3). The C-reactive
protein-to-albumin ratio (CAR) was calculated by dividing the serum C-reactive protein
(CRP) level by the serum albumin level. The modified Glasgow prognostic score was
calculated as follows: GPS 2, both CRP >1.0 mg/dL and albumin <3.5 g/dL; GPS 1, either
CRP >1.0 mg/dL or albumin <3.5 g/dL, but not both; and GPS 0, neither abnormality.
AGR was calculated using the following equation: albumin/(total protein-albumin).

2.4. Statistical Analysis

The associations of continuous and categorical variables with the relevant outcome
variables were assessed using Student’s t-test and chi-square test, respectively. Data are
presented as mean & standard deviation. To investigate the diagnostic performance of
inflammation-based parameters in the clinical prognosis of patients with AKI, receiver
operating characteristic (ROC) analysis was performed. We conducted a multivariate
logistic regression analysis to identify the risk factors associated with the clinical prognosis
of patients with AKI. Forward stepwise selection using likelihood ratios for entry and exit
criteria was used to develop the final multivariate logistic regression analysis model. A
p value < 0.05 was considered statistically significant.
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3. Results
3.1. Patient Characteristics

We enrolled 177 patients (96 male, 54.2%; mean age, 71.6 & 14.8 years), of whom
129 (72.9%) had a resolving AKI pattern and 48 (27.1%) had a non-resolving AKI pattern.
The outcome of a MAKE occurred in 30 (16.9%) participants. The patients” baseline eGFR
was 19.6 + 13.4 mL./min/1.73 m? in the resolving AKI group and 21.1 + 16.5 mL/min/1.73
m? in the non-resolving AKI group. No significant differences were found for inflammation-
based parameters between the two groups. Non-resolving AKI was associated with a
greater risk of MAKE occurrence (Table 1).

Table 1. Demographic and clinical features of patients with acute kidney injury.

Resolving AKI Non-Resolving

Variable Overall (n=177) (= 129) AKI (1 = 48) p Value ?
Age (y) 71.68 & 14.85 722+ 145 70.1 £ 155 0.390
Sex (Male) 96 (54.2) 70 (54.3) 26 (54.2) 0.991
Diabetes mellitus (%) 83 (46.9) 60 (46.5) 23 (47.9) 0.823
Hypertension (%) 114 (64.4) 83 (64.3) 31 (64.6) 0.976
I“ﬂammf’(f)z;y disease 24 (13.6) 15 (11.6) 9 (18.8) 0.219
Chronie k‘(‘;:‘)ey disease 77 (43.5) 49 (38.0) 28 (58.3) 0.015
Cerebrovas(f;gar accident 42 (237) 27 (20.9) 15 (31.3) 0.151
Malignancy (%) 32 (18.1) 23 (17.8) 9 (18.8) 0.887
Heart failure (%) 31(17.5) 21 (16.3) 10 (20.8) 0.479
Presumed main cause 0.505
Hypovolemia (%) 157 (88.7) 116 (89.9) 41 (85.4)
Infection (%) 11 (6.2) 6 (4.6) 5 (10.4)
Heart failure (%) 6(3.4) 5(3.9) 1(2.1)
Medication (%) 3(1.7) 2(1.6) 1(2.1)
KDIGO stage of AKI (%) 0.124
1 92 (52.0) 69 (53.5) 23 (47.9)
2 22 (12.4) 19 (14.7) 3(6.3)
3 63 (35.6) 41 (31.8) 22 (45.8)
BUN (mg/dL) 66.78 & 42.39 66.1 + 40.5 68.5 +47.3 0.739
Creatinine (mg/dL) 41+30 40+24 43+42 0.507
eGFR (mL/min/1.73 m?) 20.0 + 14.3 19.6 &+ 13.4 2114165 0518
CRP 71492 65485 87+108 0210
NLR 115 +13.1 10.7 + 11.9 13.7 + 16.0 0.237
PLR 28.9 + 289 2744266 33.0 + 344 0.254
PNI 651.6 + 412.4 664.9 + 420.2 616.0 & 392.8 0.485
mGPS 0.070
0 126 (71.2) 95 (73.6) 31 (64.6)
1 33 (18.6) 19 (14.7) 14 (29.2)
2 18 (10.2) 15 (11.6) 3(6.3)
LMR 28420 27419 29422 0.685
NMR 19.0 £ 133 17.7 £ 103 225+ 1838 0.107
CAR 23+32 20+28 31+41 0.096
AGR 11410 11411 1.0£06 0.548
Mechanicia(}/x)/entilation 7 (4.0) 3(23) 4(83) 0.068
Dialysis (%) 21 (11.9) 8(6.2) 13 (27.1) <0.001
MAKE (%) 30 (16.9) 9 (7.0) 21 (43.8) <0.001

2 Comparing the outcome of AKI recovery between patients with resolving AKI and patients with non-resolving
AKI. AK]I, acute kidney injury; AGR, albumin-globulin ratio; CRP, C-reactive protein; CAR, C-reactive protein-
to-albumin ratio; LMR, lymphocyte-to-monocyte ratio; mGPS = modified Glasgow prognostic score, NLR,
neutrophil-to-lymphocyte ratio; NMR, neutrophil-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI,
prognostic nutritional index.

3.2. Cut-Off Values for Inflammation-Based Markers

The areas under the curve, cut-off values, and sensitivities and specificities of inflammation-
based markers, based on the results of time-dependent ROC curve analyses, are shown
in Table 2. According to the cut-off value of 3.43 for CRP, 12.71 for NLR, 47.12 for PLR,
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885.84 for PNI, 5.38 for LMR, 13.28 for NMR, 2.85 for CAR, and 1.31 for AGR, the patients
were divided into high and low groups (Table 2).

Table 2. Discrimination ability and cut-off values for inflammation-based markers.

Variable AUC Cut-Off Sensitivity (%) Specificity (%)
CRP 0.532 3.43 52 60
NLR 0.555 12.71 45 74
PLR 0.547 47.12 29 82
PNI 0.463 885.84 25 81
LMR 0.494 5.38 18 90
NMR 0.574 13.28 77 45
CAR 0.553 2.85 37 75
AGR 0.451 1.31 37 67

AGR, albumin-globulin ratio; CRP, C-reactive protein; CAR, C-reactive protein-to-albumin ratio; LMR,
lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NMR, neutrophil-to-monocyte ratio; PLR,
platelet-to-lymphocyte ratio; PNI, prognostic nutritional index.

3.3. Association of Inflammation-Based Parameters with AKI Recovery Patterns

Univariate analysis showed that NMR (p = 0.018) and NLR (p = 0.021) were inde-
pendent factors associated with early AKI recovery. Multivariate analysis showed NMR
to be an independent prognostic factor for resolving AKI (hazard ratio [HR], 2.451; 95%
confidence interval [CI], 1.170-5.135; p = 0.018) (Table 3).

Table 3. Association of inflammation-based parameters with acute kidney injury recovery patterns.

Hazard Ratio (95%

Variable Category I p Value
NMR Low (£13.28) Reference
High (>13.28) 2.451 (1.170-5.135) 0.018

NMR, neutrophil-to-monocyte ratio.

3.4. Association of Inflammation-Based Parameters with MAKEs

Univariate analysis showed that NMR (p = 0.003), NLR (p = 0.004), and the KDIGO
stage (p = 0.005) were independent factors associated with MAKE occurrence. Multivariate
analysis showed NMR (HR, 4.267; 95% CI, 1.385-13.147; p = 0.012) and NLR (HR, 2.472;
95% CI, 1.072-5.702; p = 0.034) to be independent prognostic factors for MAKE occurrence
(Table 4).

Table 4. Association of inflammation-based parameters with major adverse kidney events.

Hazard Ratio (95%

Variable Category I p Value
NMR Low (£13.28) Reference
High (>13.28) 4.267 (1.385-13.147) 0.012
NLR Low (£12.71) Reference
High (>12.71) 2.472 (1.072-5.702) 0.034

NLR, neutrophil-to-lymphocyte ratio; NMR, neutrophil-to-monocyte ratio.

4. Discussion

The prognosis of acute kidney injury is determined by a prompt response, according
to the cause. In addition, it is essential to predict the patient’s risk according to the patient’s
condition. For patients visiting the emergency room, it is important to predict the recovery
pattern of renal function and the occurrence of severe complications through inflammation-
based parameters that are relatively easy and fast to perform. In this study, multivariate
NMR was shown to be an independent predictor of resolving AKI, and NMR and NLR
were shown to be independent predictors of MAKE occurrence. This demonstrates that
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inflammation-based parameters are valuable predictors for early recovery and MAKE
occurrence in patients with AKIL

Rabb et al. demonstrated that AKI leads to a series of events in which numerous
inflammatory factors and inflammatory cells promote oxidative stress and apoptosis,
eventually leading to renal failure [14]. Prompt treatment that is appropriate to the etiology
of AKl is important, although it is also important to restore kidney function and re-evaluate
the patient’s prognosis after acute injury. Studies of prognostic stratification in patients
have recently been reported, focusing on the importance of AKI recovery patterns and the
role of protective strategies. Kelluem et al. linked specific phenotypes and recovery patterns
to the outcomes of patients with AKI in their study [15]. Bhatraju et al. demonstrated that
the risk of clinically significant kidney-specific long-term outcomes, such as MAKE, could
be determined within 72 h of AKI. The identification of various AKI recovery patterns can
improve patient risk stratification and promote the prognosis [16].

Numerous studies have attempted to confirm the usefulness of inflammation-based
parameters in the development of AKI. However, there have been few studies on the effects
of inflammation-based parameters on recovery patterns and long-term clinical outcomes
in patients with AKI. In addition, optimal indexes of inflammation-based parameters for
recovery in patients with AKI have not yet been established.

NMR is a systemic blood marker of inflammation that reflects the progression of
various diseases. Several studies have demonstrated that NMR can predict the outcomes
of various diseases, including CKD and malignant disease [17,18]. Our study showed that
NMR at admission was an independent prognostic factor for the early recovery of AKI,
and patients with NMR > 13.28 showed significantly lower incidences of resolving AKI.
The high tendency of inflammation in the NMR > 13.28 group may be a reason why NMR
was shown to be an independent predictor to MAKE occurrence in patients with AKI.

NLR is an indicator that reflects a patient’s nutritional and immune status. A previous
study revealed that NLR is a predictor of AKI occurrence and severe AKI in patients
undergoing gastrointestinal and hepatobiliary surgery in the ICU [9]. Our study showed
that NLR at admission was an independent predictor of MAKE occurrence, and patients
with NLR > 12.71 showed significantly higher incidences of MAKEs.

In the previous analysis, various risk factors that were related to the prognosis of AKI
included the condition of the causative disease, age, severity of the disease and co-morbid
disease. However, this study did not show significant results about these variables. Perhaps
this is because the target patient is different and various causes are related compared to
other studies.

Our study had some limitations. First, this was a single-center cohort study. Second,
we retrospectively analyzed the electronic medical records of only a few patients. The
small sample size and retrospective single-center design may have limited the findings’
generalizability. A multiple-center study, using a larger sample size, is needed to clarify
the relationship between inflammation-based parameters and prognosis in patients with
AKI. A high incidence of AKI has been reported in association with COVID-19 infection,
possibly due to underlying inflammation mediated by cytokines. In addition, it has been
reported that uncovered AKI appears in a high proportion [19]. Further studies on the
association between inflammation-based parameters and AKI in the COVID-19 setting are
needed in the future.

5. Conclusions

We showed that NMR and NLR might represent novel and useful inflammatory
prognostic scores for patients with AKI. NMR was an independent predictor of resolving
AKI and MAKE occurrence. NLR was an independent predictor of MAKE occurrence.
Inflammation-based parameters might be valuable predictors for early recovery and MAKE
occurrence in patients with AKI. For the rapid recovery of renal function in patients with
AK], it is important to perform systemic inflammatory and nutritional index tests in the
emergency room, and to analyze the results to predict the risk and promptly determine
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the direction of treatment. If these tests are performed in the emergency room as soon as
possible, it will be helpful in determining the prognosis for the patient’s hospitalization
period and renal function recovery, taking into account the underlying and merged acute
diseases.
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