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Rationale & Objective: The platelet-to-lymphocyte
ratio (PLR) is a marker of inflammation and a
predictor of mortality in a variety of diseases.
However, the effectiveness of PLR as a predictor
of mortality in patients with severe acute kidney
injury (AKI) is uncertain. We evaluated the
association between the PLR and mortality in
critically ill patients with severe AKI who
underwent  continuous  kidney replacement
therapy (CKRT).

Study Design: Retrospective cohort study.

Setting & Participants: A total of 1,044 patients
who underwent CKRT in a single center, from
February 2017 to March 2021.

Exposures: PLR
Outcomes: In-hospital mortality.

Analytical Approach: The study patients were
classified into quintiles according to the PLR
values. A Cox proportional hazards model was
used to investigate the association between PLR
and mortality.

Results: The PLR value was associated with in-

a higher mortality at both ends of the PLR. The
Kaplan-Meier curve revealed the highest mortality
with the first and fifth quintiles, whereas the
lowest mortality occurred with the third quintile.
Compared with the third quintile, the first
(adjusted HR, 1.94; 95% Cl, 1.44-2.62;
P <0.001) and fifth (adjusted HR, 1.60; 95% CI,
1.18-2.18; P=0.002) quintiles of the PLR group
had a significantly higher in-hospital mortality rate.
The first and fifth quintiles showed a consistently
increased risk of 30- and 90-day mortality rates
compared with those of the third quintile. In the
subgroup analysis, the lower and higher PLR
values were predictors of in-hospital mortality in
patients with older age, of female sex, and with
hypertension, diabetes, and higher Sequential
Organ Failure Assessment score.

Limitations: There may be bias owing to the
single-center retrospective nature of this study. We
only had PLR values at the time of initiation of
CKRT.

Conclusions: Both the lower and higher PLR
values were independent predictors of in-hospital
mortality in critically ill patients with severe AKI
who underwent CKRT.
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hospital mortality in a nonlinear manner, showing

cute kidney injury (AKI), which presents more

frequently in the intensive care unit (ICU) patients, is
associated with poor outcomes.' * Several publications
have shown that the higher the AKI stage, the worse the
outcome.”"” In the ICU setting, continuous kidney
replacement therapy (CKRT) is performed for patients who
develop severe AKI requiring dialysis.” The requirement of
CKRT implies that a patient has deteriorating medical
conditions, such as hemodynamic instability and severe
AKI. Given the poor outcomes of patients requiring CKRT,
several studies have explored the prognostic factors and
identified the novel biomarkers of AKI."® However, pa-
tient heterogeneity in clinical studies makes it difficult to
obtain consistent results. In addition, most biomarkers are
neither readily available in clinical practice nor cost
effective.”

The platelet-to-lymphocyte ratio (PLR) is a systemic
inflammatory index that can be calculated easily. PLR has
been demonstrated to be a prognostic factor in diseases
such as cancer and myocardial infarction.'”'” Several
studies have also shown that PLR is associated with the
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occurrence of contrast-induced nephropathy in patients
with ST-segment elevation myocardial infarction.'™'"

However, studies on the role of PLR in patients with
severe AKI are limited, particularly in critically ill patients.
We analyzed observational cohort data to elucidate the role
of PLR as a prognostic marker in critically ill patients with
severe AKT who underwent CKRT.

METHODS

Study Patients and Data Collection

This retrospective cohort study was conducted at Kyung-
pook National University Hospital between February 2017
and March 2021. Patients aged 19 years or older who
underwent CKRT were included in the study, whereas
those who had previously undergone maintenance dialysis
were excluded. Demographic characteristics and medical
data, such as comorbidities and clinical information, were
collected. Laboratory results at the time of CKRT initiation,
such as complete blood count, creatinine, blood urea ni-
trogen (BUN), albumin, arterial pH, sodium, and
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PLAIN-LANGUAGE SUMMARY

The platelet-to-lymphocyte ratio (PLR) is a marker of
inflammation and has a role in predicting mortality in
several diseases. This study evaluated the association
between the PLR and mortality in critically ill patients
with severe acute kidney injury. We found that both the
lower and higher PLR groups showed a significantly
higher in-hospital mortality rates. In addition, poor
prognosis of the lower and higher PLR groups was
associated with increased severity of acute illness and
inflammation. These results suggest that PLR represents
a complex medical condition and could be a readily
available marker of mortality in patients with severe
acute kidney injury.

potassium levels, were obtained from the electronic
medical records from the Kyungpook National University
Hospital. The PLR was calculated as the ratio of platelets
count to lymphocytes count. The Sequential Organ Failure
Assessment (SOFA) score, Acute Physiology and Chronic
Health Evaluation II (APACHE II) score, and Charlson
Comorbidity Index (CCI) were used to estimate the patient
severity. This study was approved by the Institutional Re-
view Board (IRB) committee of Kyungpook National
University Hospital (2021-07-068) and performed in
accordance with the principles of the 2013 Declaration of
Helsinki. The requirement for informed consent was
waived by the IRB because all patient information was
anonymized.

Study Outcomes

The primary outcome of this study was in-hospital mor-
tality. The in-hospital mortality rate was also compared
using a subgroup analysis. The secondary outcomes were
30- and 90-day mortality rates.

CKRT Protocol

In our hospital, CKRT is performed when azotemia, vol-
ume overload, electrolyte imbalance, metabolic abnor-
mality, oliguria, and other indications occur, as deemed
necessary by the responsible nephrologists. The details of
the CKRT protocol at our hospital have been described
previously. '’

Statistical Analysis

Continuous variables are expressed as mean + standard
deviation or median (interquartile range [IQR]), whereas
categorical variables are expressed as numbers (percent-
ages). A restricted cubic spline regression model was used
to explore the association between PLR as a continuous
variable and in-hospital mortality. Because there was a
nonlinear association between PLR and in-hospital mor-
tality (Fig 1), patients were divided into quintiles

according to their PLR values. An analysis of variance was
performed to evaluate the differences between baseline
characteristics and in-hospital information by quintiles.
The cumulative survival according to the PLR quintiles was
analyzed using the Kaplan-Meier method and compared
using the log-rank test. A multivariable Cox regression
analysis was used to adjust for confounding variables. We
selected age, sex, and variables with P <0.10 in the un-
adjusted analysis as adjustment factors. Hazard ratios (HRs)
and 95% confidence intervals (CIs) were measured from
the Cox proportional hazards regression model. Subgroup
analyses were performed to assess differences according to
the baseline characteristics. A logistic regression analysis
was used to identify the association between PLR quintiles
and clinical phenotypes such as severity of acute illness and
degree of inflammation. A P<0.05 indicated statistical
significance. Statistical analyses were performed using the
SAS for Windows, version 9.4 (SAS Institute Inc) and R (R
Foundation for Statistical Computing; www.r-project.org).

RESULTS

Baseline Characteristics

A total of 1,044 patients who underwent CKRT in the ICU
were included and divided into quintiles based on the PLR
values. The mean age of the patients was 65.3 years, and
63.1% were men. The mean and median PLR values were
241.3 and 150.6 (83.0-281.6), respectively. In addition,
the PLR quintiles 1-5 wvalues ranged from <71.4;
714 <PLR<122.3; 122.3 <PLR < 184.4;
184.4 <PLR < 325.7; and 2325.7, respectively. The first
quintile group showed decreased platelet counts and
increased lymphocyte counts. In the fifth quintile group,
the number of lymphocytes decreased and platelet counts
were at normal levels. Distributions of PLR, platelet counts,
and lymphocyte counts are provided in Figure S1. Detailed
baseline characteristics according to the PLR quintiles are
indicated in Table 1. No significant differences in CCI or
other comorbidities were observed among the quintiles.
However, age and body weight during ICU admission
differed among the quintiles (P=0.01 and P=10.02,
respectively). Notably, the SOFA and APACHE II scores
showed significant differences across the quintiles, and
both scores were highest in the first quintile (all P <0.01).
The etiology of AKI differed according to the PLR quintiles,
and septic AKI occurred most frequently in the fifth
quintile (56.9%). Laboratory findings—such as white
blood cell, lymphocyte, and platelet counts; hemoglobin,
albumin, BUN, and creatinine levels; and arterial
pH—differed significantly among the PLR quintiles.

In-Hospital Mortality Outcomes

Among patients treated using CKRT, 651 (62.4%) died
during the follow-up period. The mean length of hospital
stay was 26.1 days (range, 5-32 days). Patients were
admitted to the ICU for an average of 12.5 days and
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Figure 1. Association between PLR and mortality hazard ratio by restricted cubic spline regression models. The associations be-
tween 30-day mortality and PLR (A), 90-day mortality and PLR (B), and in-hospital mortality and PLR (C) show U-shaped patterns.
HRs for mortality, where the reference value for PLR was 151.0. The dashed lines indicate 95% confidence intervals. Abbreviations:

HR, hazard ratio; PLR, platelet-to-lymphocyte ratio.

received CKRT treatment for ~4.3 days. Overall, PLR as
the independent variable and in-hospital mortality rate
showed a U-shaped relationship in the cubic spline
regression model (Fig 1). In-hospital mortality and other
in-hospital information according to the PLR quintiles are
presented in Table 2. In brief, we observed significantly
higher in-hospital mortality rates in the first (157
[75.5%]) and fifth (148 [70.8%]) quintile groups than
those in the third quintile group (93 [44.5%]), which had
the lowest mortality. Furthermore, the 30- and 90-day
mortality rates showed a significant increase at both ends
of the quintiles (Table 2). The ratio of patients who
received mechanical ventilation and were prescribed va-
sopressors differed significantly by quintiles, with the
highest and lowest rates in the first and fifth quintiles,
respectively (both P <0.05).

Association Between PLR and Mortality

Kaplan-Meier curves showed a significant difference in the
cumulative survival according to PLR quintiles (Fig 2). The
first and fifth quintiles showed the highest mortality,
whereas the third quintile showed the lowest mortality.
Similar differences were observed in the 30- and 90-day
mortality rates (all P <0.05) (Fig 2). In model 4, after
adjusting for various factors, including age, sex, comor-
bidities, and severity indicators, compared with the third
quintile of PLR (reference group), the lowest (adjusted HR
[aHR], 1.94; 95% CI, 1.44-2.62; P<0.001) and highest
(aHR, 1.60; 95% CI, 1.18-2.18; P=0.002) quintiles
showed significantly greater in-hospital mortality rates
(Table 3). Figure 3 shows the aHRs of the 30-day (quintile
1: aHR, 1.93; 95% CI, 1.43-2.61; P<0.001; quintile 5:
aHR, 1.63; 95% CI, 1.20-2.22; P=0.002), 90-day
(quintile 1: aHR, 1.97; 95% CI, 1.47-2.65; P <0.001;
quintile 5: aHR, 1.70; 95% CI, 1.26-2.30; P <0.001), and
in-hospital mortality rates for model 4, showing U-shaped
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aHRs across the PLR quintiles. Table SI presents the
detailed results of the Cox regression analysis for 30- and
90-day mortality rates across the PLR quintiles. However,
there were no significant associations between the in-
hospital mortality rate and platelet and lymphocyte quin-
tiles, respectively (Tables S2 and S3, respectively).

Subgroup Analysis

We divided the patients into subgroups according to age,
sex, body mass index, comorbidities (hypertension and
diabetes), SOFA, and APACHE II scores. The first and fifth
quintiles showed significant associations with increased in-
hospital mortality in most subgroups, including those with
older age, of female sex, and with hypertension, diabetes,
and higher SOFA score (Table 4).

Associations Between PLR and Severity Score and
Inflammation

To identify the clinical phenotypes according to the PLR
quintiles, logistic regression analyses for higher severity
score (median APACHE II score of 26 or higher) and septic
AKI were performed. The first quintile was significantly
associated with a higher APACHE II score (adjusted odds
ratio [aOR], 1.78; 95% CI, 1.00-3.17; P=0.04)
(Table S4), whereas the fifth quintile was significantly
associated with septic AKI (aOR, 3.52; 95% CI, 2.11-5.85;
P <0.001) (Table S5).

DISCUSSION

This study evaluated PLR as a prognostic factor by inves-
tigating the mortality according to the PLR quintiles in
critically ill patients with AKI who underwent CKRT. The
prognostic value of PLR was ascertained by our results,
showing no differences in mortality rate according to the
platelet and lymphocyte counts. The in-hospital mortality
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Table 1. Baseline Characteristics
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
(n=208) (n=210) (n=209) (n =208) (n =209) P
PLR 374+ 18.8 96.6 £ 14.3 151.7 £ 17.7 2453 +41.3 675.5 £ 392.3 <0.001
Age, y 62.5+16.0 65.7 £ 15.7 64.1+£173 671145 66.9+15.2 0.01
Sex, male 138 (66.4) 135 (64.3) 129 (61.7) 128 (61.5) 129 (61.7) 0.80
ICU admission body 645+ 13.3 629+12.0 61.9+123 625+12.9 60.3+11.5 0.02
weight, kg
ICU admission BMI, 23.5+4.3 23.4+3.9 239+114 233145 228+35 0.58
kg/m
CCl 39124 40+£22 42+24 45125 44+£24 0.06
Causes of AKI <0.001
Septic 77 (37.0) 65 (31.0) 65 (31.1) 68 (32.7) 119 (56.9)
Ischemic 101 (48.6) 113 (53.8) 111 (53.1) 112 (53.8) 62 (29.7)
Postoperative 13 (6.3) 12 (5.7) 15 (7.2) 10 (4.8) 8 (3.8)
Nephrotoxic 9 (4.3) 10 (4.8) 10 (4.8) 8 (3.8) 12 (5.7)
Others 8 (3.8) 10 (4.8) 8 (3.8) 10 (4.8) 8 (3.8)
Comorbidities
Hypertension 59 (29.8) 63 (32.1) 65 (35.3) 80 (42.8) 75 (38.7) 0.06
Diabetes 58 (27.9) 59 (28.1) 56 (26.9) 66 (31.7) 53 (25.3) 0.68
Congestive heart 10 (4.8) 21 (10.0) 19 (9.1) 24 (11.5) 14 (6.7) 0.10
failure
Cerebrovascular 16 (7.7) 21 (10.0) 19 (9.1) 19 (9.1) 18 (8.6) 0.95
accident
Malignancy 15 (7.2) 13 (6.2) 10 (4.8) 17 (8.1) 27 (12.9) 0.10
SOFA 141 £5.0 12.7£4.7 12.2+4.6 11.8t4.4 11.7+4.6 <0.001
APACHE I 276+85 259+ 79 24.7 £ 8.1 244+ 73 25.6 + 8.1 0.001
Laboratory findings
White blood cell, 20.2+11.3 12.7+79 119+ 73 12479 11.5+8.9 <0.001
x103%/uL
Neutrophil, x103/uL 10.9+£9.0 10.7 £ 74 10.2+6.8 11.0+74 10.5+84 0.88
Lymphocyte, x10%/uL 4.2 +1.3 1.3+0.9 1.0+ 0.6 0.7+0.4 0.4+0.3 <0.001
Platelet, x10%/uL 81.6+84.4 128.0 £82.9 146.9 £ 82.0 169.1 £ 93.3 203.4 £ 145.2 <0.001
Hemoglobin, g/dL 10.1 £3.3 10.5+£29 105+28 10.7+x24 10.0+£25 0.04
Sodium, mEq/L 138.1 £8.7 139.2+ 7.7 138.3+78 137.7+76 1373 £ 8.1 0.14
Potassium, mEq/L 49+1.2 47 +141 49+1.2 48+1.0 48+1.1 0.27
Albumin, g/dL 2.8+0.7 3.0+0.7 3.0+0.7 3.1+0.6 2.8+0.7 <0.001
BUN, mg/dL 53.1 £ 36.1 544 +31.0 63.7 £40.0 58.6 £ 33.2 65.0 £ 37.0 < 0.001
Creatinine, g/dL 3.4+3.0 3320 41+3.3 3.9 3.2 4031 0.01
Arterial, pH 723 +0.15 726 +0.16 7.27 £0.23 728 +£0.12 728 +0.12 0.01

Note: Data are presented as mean + standard deviation or number (%).
Abbreviations: PLR, platelet-to-lymphocyte ratio; ICU, intensive care unit; BMI, body mass index; CCIl, Charlson Comorbidity Index; AKI, acute kidney injury; SOFA,
Sequential Organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation Il; BUN, blood urea nitrogen.

rate was the lowest in the third quintile of PLR and
significantly higher in the first and fifth quintiles. We also
observed a U-shaped correlation between the in-hospital
mortality rate and PLR quintiles, with similar results for
30- and 90-day mortality patterns across the PLR quintiles.
This is the first study to demonstrate PLR as a predictor of
mortality in critically ill patients who underwent CKRT.
Zheng et al'® demonstrated the predictive value of PLR
on mortality in critically ill patients with mild-to-moderate
AKI. They reported an increased risk of 90-day mortality in
the lower and higher PLR groups compared with the
reference median PLR group, and the results were similar
when patients were divided into quintiles of PLR.'® The
patients in our study had a higher SOFA score than those in

the previous study, and all experienced severe AKI that
required CKRT, which indicated high severity. Neverthe-
less, the PLR was an independent predictor of mortality,
and both low and high PLR quintiles were associated with
poor prognosis. Therefore, the PLR can be an effective
predictor of mortality in critically ill patients with AKI
irrespective of the degree of AKI.

The value of PLR as a prognostic marker has been
demonstrated in several studies. As PLR is considered a
systemic inflammatory indicator, previous studies have
mainly focused on cancer, autoimmune disease, and car-
diovascular disease.'” ”® In addition, PLR contributes to
predicting the prognosis in acute inflammatory episodes
because PLR increases along with other inflammatory
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Table 2. In-Hospital Information of PLR Quintile Groups

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P
30-d mortality 150 (72.1) 120 (57.1) 90 (43.1) 112 (53.9) 136 (65.1) <0.001
90-d mortality 155 (74.5) 129 (61.4) 92 (44.0) 114 (54.8) 137 (65.6) <0.001
In-hospital mortality 157 (75.5) 132 (62.9) 93 (44.5) 121 (58.2) 148 (70.8) <0.001
CKRT duration, d 40+4A1 48148 4350 43+3.7 4.2 +3.6 0.34
ICU duration, d 10.5+170 12.8+14.7 13.4+19.2 13.4 £22.2 12.5 +28.9 0.65
ICU admission to CKRT initiation, d 2.7+46 29+53 2.7+41 311115 28143 0.96
Length of hospital stay, d 24.1 + 376 245 + 33.1 275 +32.8 273 +475 27.1 £ 371 0.81
Need for mechanical ventilation 134 (64.4) 134 (63.8) 118 (56.5) 121 (58.7) 98 (47.1) 0.002
Vasopressor requirements 175 (84.1) 157 (74.8) 163 (78.0) 151 (73.3) 149 (71.6) 0.02
Prescribed target clearance, mL/kg/h 35.8+9.3 355+9.9 35.7+10.2 36.0+£8.7 355194 0.99

Note: Data are presented as mean * standard deviation or number (%).

Abbreviations: CKRT, continuous kidney replacement therapy; ICU, intensive care unit; PLR, platelet-to-lymphocyte ratio.

indicators, such as C-reactive protein and procalcitonin
levels, and predicts patient mortality in sepsis.z“t Recent
studies have reported that PLR is independently associated
with all-cause mortality in patients with kidney failure
treated with either hemodialysis or peritoneal dialysis.””***
Patients with kidney failure are continuously exposed to
chronic inflammation, and PLR positively correlates with
inflammatory markers such as C-reactive protein. There-
fore, a high PLR might indicate an increased inflammatory
state and could be a predictor of mortality in patients with
kidney failure. In this study, sepsis was the major etiology
of AKI in the fifth quintile group. In addition, the fifth
quintile group showed a significant increased risk of septic
AKI. Despite the relatively low severity of organ failure, the
high mortality in the fifth quintile could be explained by
the association between increased PLR and severe
inflammation.

In addition, the high mortality in the highest PLR
quintile group may also be associated with the patients’
baseline characteristics. The highest quintile group tended
to be older, have lower body weight and albumin levels,

A B
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and have more comorbidities with malignancy. Frailty
could not be assessed in this study because of the severity
of illness; however, the higher PLR group seemed to have
high frailty, considering their age and nutritional param-
eters. Patients receiving maintenance hemodialysis showed
a positive correlation between frailty and PLR, with
increased mortality in the frailty group.”” The high PLR
might be associated with these different baseline charac-
teristics, presumed to be present before hospitalization,
and explain the increased mortality in the fifth quintile
regardless of the severity of illness. Patients with cancer
also showed higher PLR values than the healthy popula-
tion, and increased PLR is a well-known predictive marker
associated with poor patient outcomes. '’ *%*#+*”
However, both high and low PLRs were associated with
a poor prognosis in our study. The relationship between a
low PLR and poor prognosis is not well understood;
however, a low PLR was a consistent predictor of poor
prognosis in our study after adjusting for various factors.
Although it was difficult to clarify the causal relationship in
this study, we suggest an interpretation based on

p<.001
— 1stQuintile

= * 2nd Quintile
3rd Quintile

= 4th Quintile
= 5th Quintile

— 1stQuintile
= - 2nd Quintile

3rd Quintile
+= 4th Quintile
—  5th Quintile

In-hospital survival
°
&
g

0.25

0.00

o 6 12 18 24 30 0 10 20 30

No. at risk No. at risk

= (208 91 72 51 40 35 - | 208 80 49 35
- (210 120 95 75 59 44 =210 102 70 44
209 140 105 80 60 45 209 122 n 45
- 208 135 9% 4l 58 47 =—| 208 105 64 47
- | 209 126 95 70 53 45 == | 209 106 64 45

4 50 60 70 8 90 0 60 120 180 240
Days Days
No. at risk

24 20 16 13 12 9 = | 208 16 6 2 1
28 14 10 9 7 6 = | 210 10 3 1 1
39 20 21 14 17 209 21 4 3 0
2 24 17 12 10 9 = | 208 17 3 1
30 2 15 13 10 8 - | 209 15 4 2

8

0 6 12 18 24 30 0 10 20 30
Days

0 60 120
Days

8
N

40 50 60 70 80
Days

<
8

Figure 2. Kaplan-Meier curves for mortality by PLR quintiles. (A) 30-day mortality, (B) 90-day mortality, (C) and in-hospital mortality
are significantly different according to the PLR quintiles (all P < 0.001). Abbreviation: PLR, platelet-to-lymphocyte ratio.
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Table 3. Cox Regression Analyses for In-hospital Mortality in PLR Quintile Groups

Model 1 Model 2 Model 3 Model 4

HR (95% CI) P aHR (95% CI) P aHR (95% CI) P aHR (95% CI) P
Quintile 1 2.19 (1.69-2.83) <0.001 2.34 (1.78-3.09) <0.001 2.26 (1.70-3.00) <0.001 1.94 (1.44-2.62) <0.001
Quintile 2 1.55 (1.19-2.08)  0.001 1.50 (1.13-1.99) 0.01 1.46 (1.09-1.95) 0.01 1.42 (1.05-1.94) 0.02
Quintile 3 Reference Reference Reference Reference
Quintile 4 1.29 (0.98-1.70) 0.07 1.28 (0.95-1.72) 0.10 1.26 (0.93-1.70) 0.16 1.28 (0.93-1.75) 0.13
Quintile 5 1.57 (1.20-2.04) <0.001 1.62 (1.22-2.14) <0.001 1.57 (1.17-2.10) 0.003 1.60 (1.18-2.18) 0.002

Note: Model 1: unadjusted; model 2: adjusted for age, sex, and BMI; model 3: adjusted for age, sex, BMI, CCl, hypertension, and malignancy; and model 4: adjusted
for age, sex, BMI, CClI, hypertension, malignancy, SOFA score, APACHE Il score, mechanical ventilator use, and vasopressor use.

Abbreviations: PLR, platelet-to-lymphocyte ratio; HR, hazard ratio; aHR, adjusted hazard ratio; Cl, confidence interval; BMI, body mass index, CCl, Charlson Co-
morbidity Index; SOFA Sequential Organ Failure Assessment; APACHE Il, Acute Physiology and Chronic Health Evaluation II.

thrombocytopenia, because a low PLR results from low
platelet counts. Thrombocytopenia is a coagulation disor-
der frequently encountered in patients admitted to the
ICU.”" The common causes of thrombocytopenia in the
ICU population include sepsis, disseminated intravascular
coagulation, and major trauma.’’ Unsurprisingly, a low
platelet count reflects the severity of disease and worsens
the outcomes in patients with AKL.’* " Moreover, our
results supported our hypothesis by showing that the first
quintile group had an increased risk of higher APACHE II
scores among the other quintile groups. Hence, the higher
mortality in the low PLR group might be associated with
the highest severity of illness.

Although the predictive role of the PLR in various dis-
eases has been demonstrated, the underlying mechanism
remains unknown. Recent studies have focused on the
bidirectional relationship between AKI and inflaimma-
tion.””*® Noninfectious causes can promote inflammation
during AKI.*” Conversely, AKI can also affect the immune
system by interfering with cytokine clearance and causing
immune cell dysfunction.’”*” Various immune cells and
mediators are involved in AKI pathophysiology. Platelets
and lymphocytes, which are components of the PLR index,

may play important roles in this pathophysiologic mech-
anism. First, platelets play an important role in hemostasis
and inflammation. Once the endothelial cell damage oc-
curs, platelets are activated, releasing various cytokines and
chemokines. In experimental studies, markers appearing in
activated platelets, such as P-selectin, thromboxane A2,
CC-chemokine ligand 5, and platelet factor 4, have been
reported in the AKI model.”” Second, lymphocytes are
components of adaptive immunity, whereas T cells are
emerging mediators involved in the development and re-
covery of AKL’®***' Further studies are required to
determine the specific roles of platelets and lymphocytes in
AKI.

We demonstrated that the PLR index is an easily
measurable and cost-effective marker for predicting mor-
tality in patients with severe AKI who underwent CKRT.
However, some limitations of our study need to be
considered. First, owing to the retrospective nature of this
study, there may have been unmeasured confounding
factors such as any medications that could affect in platelet
and lymphocyte counts. Our study did not exclude solid
organ transplant recipients (n = 34), and their use of im-
munosuppressants may affect the PLR. However, we

Q1 Q2 Q3 Q4 Qs Q1 Q2 Q3

C
3
Model Model
-1, - 1
A , T - 2
3 3
4 4
1
Q4 Qs Q1 Q2 Q3 Q4 Qs

Figure 3. HRs and 95% Cls for mortality among PLR quintile groups by Cox proportional hazards models. The HRs and 95% Cls for
(A) 30-day mortality, (B) 90-day mortality, and (C) in-hospital mortality are significantly higher in the first and fifth quintiles than those
in the third quintile. Model 1 was unadjusted. Model 2 was adjusted for age, sex, and BMI. Model 3 was adjusted for age, sex, BMI,
CCl, hypertension, and malignancy status. Model 4 was adjusted for age, sex, BMI, CClI, hypertension, malignancy, SOFA and
APACHE Il scores, mechanical ventilator use, and vasopressor use. Abbreviations: APACHE I, Acute Physiology and Chronic
Health Evaluation Il; BMI, body mass index; CCI, Charlson Comorbidity Index; Cl, confidence interval; HR, hazard ratio; PLR,
platelet-to-lymphocyte ratio; SOFA, Sequential Organ Failure Assessment.
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Table 4. Subgroup Analyses for In-Hospital Mortality in PLR Quintile Groups

Kidney Medicine

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
aHR (95% CI) aHR (95% CI) Reference aHR (95% CI) aHR (95% CI)

Age, y

<68.0 1.67 (1.10-2.54)° 1.39 (0.89-2.16) 1.00 1.28 (0.80-2.03) 1.50 (0.96-2.34)

>68.0 2.43 (1.59-3.73)° 1.54 (1.01-2.35)* 1.00 1.29 (0.84-2.00) 1.85 (1.22-2.80)°
Sex

Male 1.54 (0.95-2.50) 1.23 (0.76-2.00) 1.00 1.17 (0.71-1.94) 1.69 (1.05-2.72)2

Female 2.08 (1.41-3.07)° 1.65 (1.11-2.46)* 1.00 1.32 (0.88-1.99) 1.69 (1.14-2.50)°
BMI, kg/m?

<229 2.04 (1.83-3.12)° 1.74 (1.14-2.64)° 1.00 1.38 (0.89-2.16) 1.64 (1.09-2.48)*

>22.9 2.02 (1.32-3.08)° 1.30 (0.83-2.03) 1.00 1.25 (0.80-1.96) 1.86 (1.19-2.90)°
Hypertension

Yes 2.59 (1.52-4.42)° 1.57 (0.91-2.72) 1.00 1.60 (0.93-2.73) 2.39 (1.40-4.07)°

No 1.73 (1.21-2.48)° 1.37 (0.95-1.98) 1.00 1.12 (0.76—1.66) 1.39 (0.97-2.01)
DM

Yes 2.45 (1.35-4.48)° 1.98 (1.08-3.62)* 1.00 1.91 (1.01-3.61)° 2.53 (1.37-4.68)°

No 1.70 (1.20-2.41)° 1.32 (0.92-1.88) 1.00 1.12 (0.78-1.61) 1.42 (1.00-2.01)2
SOFA

<13.0 1.59 (0.97-2.61) 1.60 (0.99-2.58) 1.00 1.00 (0.62-1.64) 1.73 (1.11-2.71)2

>13.0 2.16 (1.46-3.17)° 1.49 (1.00-2.22) 1.00 1.57 (1.03-2.39)° 1.62 (1.07-2.46)°
APACHE I

<26.0 1.74 (1.06-2.86)2 1.95 (1.23-3.08)° 1.00 1.48 (0.93-2.36) 1.69 (1.08-2.66)2

>26.0 1.99 (1.36-2.93)° 1.21 (0.80-1.83) 1.00 1.15 (0.74-1.77) 1.62 (1.08-2.44)*

Note: The statistical values are based on the multivariable Cox regression model 4 except for the variables corresponding to each subgroup.
Abbreviations: PLR, platelet-to-lymphocyte ratio; aHR, adjusted hazard ratio; Cl, confidence interval; BMI, body mass index; DM, diabetes mellitus; SOFA, Sequential
Organ Failure Assessment; APACHE I, Acute Physiology and Chronic Health Evaluation Il

3P < 0.05;
bp < 0.01;
°P < 0.001.

evaluated the association of PLR by adjusting for various
variables in various models to minimize the effects of re-
sidual confounding factors. Second, we obtained PLR
values at the time of initiation of CKRT; therefore, we
could not assess the effect of serial changes of PLR in
mortality. Third, the enrolled patients showed clinical
heterogeneity, including the underlying disease or cause of
AKI. Therefore, the number of patients was relatively small
to contemplate variability in patient characteristics. Further
large-scale, prospective, and longitudinal studies are
required to validate the results of this study.

In summary, this is the first study to our knowledge to
provide a prognostic analysis according to PLR values in
patients with severe AKI who underwent CKRT in the ICU.
We confirm a U-shaped relationship between PLR and
mortality, underlining the need for special attention in these
high-risk groups. Further studies are needed to validate the
PLR index as a predictor of mortality and understand the
mechanisms of the immune system involved.
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Association between PLR and in-hospital mortality
(PLRs divided into quintiles)

Single center, 2017 - 2021

Retrospective cohort study —
5th quintile [ *aHR =1.60, 95% Cl 1.18 - 2.18

o Q000§ P = 0.002
1044 patients on CKRT * Compared with 3t quintile in-hospital mortality

Examined PLR as a predictive
marker of mortality

PLR = platelet to lymphocyte ratio, CKRT = continuous kidney replacement therapy, aHR = adjusted hazard ratio, SOFA = sequential organ failure assessment

q . 5 X Reference: Jeon YH, Jeon Y, Jung HY, et al. Platelet-to-lymphocyte ratio

Conclusion: Both lower and higher PLRs are independent and in-hospital mortality in patients with AKI receiving continuous

predictors of in-hospital mortality in critically ill patients with AKI who [ e e S AL LR LT A E U EREs el
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