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Abstract: Background: The platelet-to-white blood cell ratio (PWR) is a hematologic marker of the
systemic inflammatory response. Recently, the PWR was revealed to have a role as an independent
prognostic factor for mortality in patients with hepatitis B virus (HBV)-related acute-on-chronic
failure (ACLF) and HBV-related liver cirrhosis (LC) with acute decompensation (AD). However, the
prognostic role of the PWR still needs to be investigated in LC patients with AD. In this study, we
analyzed whether the PWR could stratify the risk of adverse outcomes (death or liver transplantation
(LT)) in these patients. Methods: A prospective cohort of 1670 patients with AD of liver cirrhosis
((age: 55.2 ± 7.8, male = 1226 (73.4%)) was enrolled and evaluated for 28-day and overall adverse
outcomes. Results: During a median follow-up of 8.0 months (range, 1.9–15.5 months), 424 (25.4%)
patients had adverse outcomes (death = 377, LT = 47). The most common etiology of LC was alcohol
use (69.7%). The adverse outcome rate was higher for patients with a PWR ≤ 12.1 than for those
with a PWR > 12.1. A lower PWR level was a prognostic factor for 28-day adverse outcomes (PWR:
hazard ratio 1.707, p = 0.034) when adjusted for the etiology of cirrhosis, infection, ACLF, and the
MELD score. In the subgroup analysis, the PWR level stratified the risk of 28-day adverse outcomes
regardless of the presence of ACLF or the main form of AD but not for those with bacterial infection.
Conclusions: A lower PWR level was associated with 28-day adverse outcomes, indicating that the
PWR level can be a useful and simple tool for stratifying the risk of 28-day adverse outcomes in LC
patients with AD.

Keywords: platelet-to-white blood cell ratio; acute-on-chronic liver failure; liver cirrhosis; acute
decompensation; adverse outcomes

1. Introduction

Liver cirrhosis (LC) has been classified as compensated and decompensated. Compen-
sated cirrhosis is usually known to have an asymptomatic course until increasing portal
pressure and worsening liver function occur. These patients may have a good quality of
life, and decompensated cirrhosis may progress undetected for several years. Decompen-
sated cirrhosis is characterized by clinical signs of portal hypertension, such as ascites,
esophagogastric varices, hepatic encephalopathy (HE), and jaundice. Following the first
appearance of any of these signs, LC usually progresses more rapidly toward death or
the need for liver transplantation (LT) [1]. Acute decompensation (AD) of cirrhosis and
acute-on-chronic liver failure (ACLF) are two major challenges in chronic liver disease
(CLD) patients, including those with LC. AD of cirrhosis is defined as the development of
ascites, HE, jaundice, and/or gastrointestinal (GI) bleeding only in cirrhotic patients [2,3].
ACLF is defined as the failure of one or more major organs (the liver, kidneys, or brain, or
the coagulation, circulatory, or respiratory systems) and always occurs in the setting of an
episode of AD. Patients with ACLF have a high 28-day mortality after admission [4].

The pathophysiology of AD in cirrhotic patients or ACLF has been widely studied
but is still unclear. Among the suggested and known hypotheses, systemic inflammation
from bacterial infection and alcohol directly correlated with the severity of ACLF [5].
However, approximately 40–50% of ACLF patients have systemic inflammation without
any identifiable precipitating triggers [2]. Systemic inflammation induces an impairment of
the functions of one or more major organs and may be a common theme in the development
of AD in cirrhotic patients [6].

The systemic inflammatory response is usually expressed by the levels of neutrophils,
lymphocytes, platelets, and C-reactive protein (CRP). In the CANONIC study, a close
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relationship between the white blood cell count (WBC) and CRP and the presence and
severity of ACLF was observed [2]. Recently, the neutrophil-to-lymphocyte ratio (NLR)
and lymphocyte-to-monocyte ratio (LMR) have been used as indicators of the systematic
inflammatory response and widely investigated as useful predictors of clinical outcomes
in CLD patients [7–10]. In addition, the monocyte-to-lymphocyte ratio (MLR), platelet-to-
lymphocyte ratio (PLR), red cell distribution width (RDW), RDW-to-platelet ratio, mean
platelet volume, and mean corpuscular volume are prognostic factors and are associated
with disease progression in hepatitis B virus (HBV)-related liver disease [11].

The platelet-to-white blood cell ratio (PWR) is a prognostic indicator for mortality
in HBV-related ACLF and decompensated cirrhosis [12,13]. These studies demonstrated
that the PWR predicted the prognosis similar to the Model for End-Stage Liver Disease
(MELD) score for 30-day mortality. However, the prognostic role of the PWR in LC with
other etiologies, such as alcohol use or hepatitis C virus infection, was not investigated.
Therefore, we aimed to reveal whether the PWR could risk-stratify adverse outcomes (LT
or death) in cirrhotic patients with AD.

2. Materials and Methods
2.1. Study Patients

The prospective Korean Acute-on-Chronic Liver Failure (KACLiF) study cohort con-
sisted of patients who were hospitalized with acute deterioration of CLD, including either
LC or noncirrhotic CLD, from July 2015 to August 2018. This study was approved by the
Institutional Review Board of all 23 participating academic centers. In the KACLiF study,
AD was defined as overt ascites, hepatic encephalopathy, GI bleeding, any kind of bacterial
infection, and the deterioration of liver dysfunction, which was defined as a serum biliru-
bin level ≥3 mg/dL. LC was defined based on historical confirmation or when a cirrhotic
configuration of the liver and/or splenomegaly was present in radiologic findings or when
varices (abnormally enlarged veins, detected by upper endoscopy or cross-sectional images)
and biochemical parameters were present [14]. We excluded patients who met any of the
following exclusion criteria: (1) age < 18 years; (2) an absence of any chronic liver disease;
(3) a presence of hepatocellular carcinoma; (4) a presence of severe chronic extrahepatic
disease; (5) admission due to other chronic illness; (6) human immunodeficiency virus
infection; (7) chronic decompensation of end-stage liver disease; (8) less than 28 days of
follow-up, and (9) incomplete data. A total of 1773 patients were enrolled and followed up
until July 2019. Among them, 1670 cirrhotic patients with AD were analyzed in this study.

2.2. Data Collection and the Definition of Clinical Parameters

We collected data about patient demographics, the etiology of liver disease, clinical and
laboratory variables, types of AD, and the development of ACLF. The precipitating events
included any kind of bacterial infection, GI bleeding, active alcoholism, a reactivation of
viral hepatitis, toxic liver injury, and others. Active alcoholism was defined as more than
21 units/week in men and more than 14 units/week in women within 3 months prior
to admission [3]. Systemic inflammatory response syndrome (SIRS) was followed by the
criteria of the American College of Chest Physicians/Society of Critical Care Medicine [15].
The Child–Turcotte–Pugh (CTP) score, MELD score, serum sodium (Na) to MELD score
(MELD-Na), MELD 3.0 [16], and chronic liver failure-sequential organ failure assessment
(CLIF-SOFA) score were calculated based on the clinical variables within 24 h of admission.
The patients who developed AD and organ failure were classified as having ACLF according
to the CLIF-C definition. The PWR was defined as platelets divided by WBCs.

2.3. Primary Outcomes and Follow-Up

The primary endpoints of this study were 28-day and overall adverse outcomes
during the follow-up period. Adverse outcomes were defined as death or LT. Person-years
were censored on the date of death, LT, or the last date of follow-up, whichever came
first. We evaluated where the PWR level was associated with 28-day and overall adverse
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outcomes. Subgroup analysis according to the etiology of cirrhosis, the main form of
AD, and the presence of ACLF was performed to evaluate the effect of the PWR level on
adverse outcomes.

2.4. Statistical Analysis

In all study subjects, variables were compared parametrically using Student’s t test,
the Mann–Whitney U test, the x2-test, or Fisher’s exact test. To determine the cut off
points of PWR, receiver operating characteristic (ROC) curve analysis were used. The
28-day and overall adverse outcomes were analyzed using the Kaplan–Meier method
and compared with the log rank test. Cox proportional hazard regression analysis was
performed to determine whether variables including the PWR level were associated with
adverse outcomes. The association between the PWR level and adverse outcomes was
tested in multivariable adjusted models with step-by-step inclusion of risk factors for
adverse outcomes that showed an association in univariate analysis (p < 0.10). All reported
p values were two-sided. Statistical significance was considered when the p value was less
than 0.05. All statistical analyses were performed using SPSS V27.0 (SPSS, Inc., an IBM
company, Chicago, IL, USA).

3. Results
3.1. Comparison of Baseline Characteristics

A total of 1773 consecutive patients were screened, of whom 1670 were enrolled. With
a median follow-up of 8.0 months (interquartile range [IQR], 1.9–15.5 months), 424 (25.4%)
cirrhotic patients had adverse outcomes (death = 377, LT = 47). The baseline characteristics
of all patients are summarized in Table 1. Among the enrolled patients, 1226 patients were
male (73.4%). The mean patient age was 55.2 years. The most common etiology of LC was
alcohol use (n = 1164, 69.7%), followed by viral infection (n = 196, 11.7%), alcohol use and
viral infection (n = 140, 8.4%), and others (n = 170, 10. 2%). The main features of AD were
GI bleeding (32%) and ascites (28.9%). The median CPS was 8.0 (7.0–11.0), and the median
MELD score was 17.0 (12.8–22.3). The median PWR of all patients was 13.5 (8.8–19.8). The
patients with a PWR ≤ 12.1 were younger and showed more active alcoholism at admission
than the patients with a PWR > 12.1. Patients with a low PWR had higher CPS, MELD, and
CLIF-SOFA scores than those with a high PWR. The 28-day and overall adverse outcomes
were significantly worse in the patients with a low PWR than in the patients with a high
PWR (p < 0.001).

Table 1. Baseline characteristics according to the PWR level.

ALL (n = 1670) PWR ≤ 12.1 (n = 709) PWR > 12.1 (n = 961) p Value

Age (years) 55.2 ± 11.4 53.4 ± 10.9 56.5 ± 11.6 <0.001
Male (%) 1226 (73.4) 535 (75.5) 691 (71.9) 0.104

Etiology of cirrhosis, n (%) <0.001
Viral infection (HBV/HCV) 196 (163/33, 11.7) 70 (56/14, 9.8) 126 (107/19, 13.1)

Alcohol use 1164 (69.7) 552 (73.6) 642 (66.8)
Viral infection + alcohol use 140 (8.4) 68 (9.6) 72 (7.5)

Others + 170 (10.2) 49 (6.9) 121 (12.6)
Acute decompensation, n (%)

Ascites 483 (28.9) 181 (25.5) 302 (31.4) 0.009
Bacterial infection 172 (10.3) 105 (14.8) 67 (7.0) <0.001

SBP 27 (1.6) 20 (2.1) 7 (1.0)
Intra-abdominal infection 17 (1.0) 12 (1.2) 5 (0.7)

Pneumonia 12 (0.7) 8 (0.8) 4 (0.6)
Urinary tract infection 14 (0.8) 13 (1.3) 1 (0.1)

Skin infection 6 (0.4) 5 (0.5) 1 (0.1)
Unknown origin 96 (5.7) 70 (7.2) 26 (3.7)
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Table 1. Cont.

ALL (n = 1670) PWR ≤ 12.1 (n = 709) PWR > 12.1 (n = 961) p Value

GI bleeding 534 (32) 252 (35.5) 282 (29.3) 0.007
HE 274 (16.4) 112 (15.8) 162 (16.9) 0.563

Jaundice 491 (29.4) 232 (32.7) 259 (27.0) 0.011
CVD, n (%) 70 (4.2) 27 (3.8) 43 (4.5) 0.502
DM, n (%) 458 (27.4) 180 (25.4) 278 (28.9) 0.109

HTN, n (%) 353 (21.1) 130 (18.3) 223 (23.2) 0.016
Precipitating events, n (%)

Active alcoholism 748 (44.8) 354 (49.9) 394 (41.0) <0.001
Bacterial infection 134 (8.0) 85 (12.0) 49 (5.1) <0.001

GI bleeding 474 (28.4) 230 (32.4) 244 (25.4) 0.002
Viral reactivation 31 (1.9) 8 (1.1) 23 (2.4) 0.058

Toxic 19 (1.1) 4 (0.6) 15 (1.6) 0.058
Others 88 (5.3) 25 (3.5) 63 (6.6) 0.006

ACLF, n (%) 315 (18.9) 196 (27.6) 119 (12.4) <0.001
SIRS, n (%) 411 (24.6) 239 (33.7) 172 (17.9) <0.001
HCC, n (%) 76 (4.6) 27 (3.9) 49 (5.2) 0.206

PWR 13.5 (8.8–19.8) 8.2 (6.2–10.1) 18.6 (14.7–25.1) <0.001
PNR 21.3 (12.8–36.9) 11.7 (8.2–15.9) 31.4 (22.8–49.4) <0.001

Laboratory data
WBC count ×109/L 8.21 (4.75–10.10) 9.14 (6.56–13.10) 5.75 (4.09–7.92) <0.001
Hemoglobin, g/dL 10.3 (8.4–12.1) 10.0 (8.2–11.9) 10.5 (8.5–12.2) 0.015

Platelet, mg/L 94 (63–137) 69 (48–99.5) 114 (82–161) <0.001
Bilirubin mg/dL 3.3 (1.5–7.7) 4.7 (2.3–9.9) 2.4 (1.1–5.5) <0.001
Albumin, g/dL 2.8 (2.5–3.3) 2.7 (2.4–3.1) 2.9 (2.6–3.4) <0.001

INR 1.5 (1.3–1.8) 1.6 (1.4–2.0) 1.4 (1.2–1.7) <0.001
Creatinine, mg/dL 0.9 (0.7–1.3) 0.9 (0.7–1.5) 0.9 (0.7–1.1) <0.001

Sodium, mEq/L 136 (132–139) 135 (130–139) 136 (133–140) <0.001
Child–Pugh score 8.0 (7.0–11.0) 10.0 (8.0–11.0) 9.0 (7.0–10.0) <0.001

MELD score 17.0 (12.8–22.3) 19.6 (15.3–25.4) 15.2 (11.2–19.7) <0.001
MELD-Na score 19.9 (14.8–26.0) 23.4 (17.3–29.0) 18.1 (13.1–23.2) <0.001
MELD-3 score 16.9 (10.0–23.8) 20.5 (13.3–27.6) 14.6 (8.3–20.7) <0.001

CLIF-SOFA score 5.0 (4.0–7.0) 6.0 (5.0–8.0) 5.0 (3.0–6.0) <0.001
Adverse outcome, n (%)

28-day follow-up 111 (6.6) 68 (9.6) 43 (4.5) <0.001
LT 12 (0.7) 7 (1.0) 5 (0.5)

Overall follow-up 424 (25.4) 220 (31.0) 204 (21.2) <0.001
LT 47 (2.8) 22 (3.1) 25 (2.6)

Abbreviation: HBV, hepatitis B virus; HCV, hepatitis C virus; GI, gastrointestinal; SBP, spontaneous bacterial
peritonitis; CVD, cardiovascular disease; ACLF, acute-on-chronic liver failure; SIRS, systemic inflammatory
response syndrome; HCC, hepatocellular carcinoma; PWR, platelet-to-white blood cell ratio; PNR, platelet-
to-neutrophil ratio; WBC, white blood cell; INR, international normalized ratio; MELD, Model for End-Stage
Liver Disease; CLIF-SOFA, Chronic Liver Failure-Sequential Organ Failure Assessment; LT, liver transplantation.
+ others etiology of cirrhosis included cryptogenic (n = 122), autoimmune hepatitis (n = 37), and primary biliary
cirrhosis (n = 11).

3.2. Associated Factors for 28-Day and Overall Adverse Outcomes of AD of Liver Cirrhosis

The association between the PWR level and the 28-day adverse outcomes is shown
in Table 2. In univariate analysis, bacterial infection, the etiology of cirrhosis, bilirubin,
albumin, INR, sodium, PWR level, ACLF, and MELD score were significant factors for
28-day adverse outcomes. In multivariable analysis, a low PWR was a significant factor
for 28-day adverse outcomes (hazard ratio (HR) 1.707, p = 0.034). The presence of ACLF
and a high MELD score were significant risk factors for short-term adverse outcomes (HR
1.729, p = 0.045; HR 1.101, p < 0.001). During the 28-day follow-up, 111 patients died.
The development of adverse outcomes was significantly higher in patients with low PWR
levels than in patients with high PWR levels (Figure 1) (p < 0.001). However, when further
evaluating the relationship between the PWR level and the overall adverse outcomes,
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multivariate analysis demonstrated that the MELD score was the only significant risk factor
for overall adverse outcomes (Table 3).

Table 2. Risk factors for 28-day adverse outcomes of AD of liver cirrhosis.

Univariate HR
(95% CI)

p Value
PWR

Multivariate HR p Value

Age 1.003 (0.984–1.020) 0.691
Sex 1.099 (0.716–1.686) 0.667

Cirrhosis etiology Ref. (others) Ref. (others)
Viral infection 2.835 (1.038–7.738) 0.042 2.169 (0.787–5.981) 0.135

Alcohol use 2.175 (0.878–5.386) 0.093 1.155 (0.459–2.905) 0.759
Viral infection and

alcohol use 4.985 (1.861–13.35) 0.001 2.407 (0.884–6.557) 0.086

Active alcoholism 1.140 (0.786–1.655) 0.490
Bacterial infection 2.118 (1.264–3.551) 0.004 1.156 (0.676–1.976) 0.596

GI bleeding 0.847 (0.552–1.300) 0.488
Toxic 0.806 (0.113–5.774) 0.830

Bilirubin 1.072 (1.056–1.089) <0.001
Albumin 0.294 (0.207–0.418) <0.001

INR 1.315 (1.242–1.392) <0.001
Na 0.944 (0.920–0.968) <0.001

PWR 3.157 (1.963–5.077) <0.001 1.707 (1.042–2.975) 0.034
ACLF 6.374 (4.378–9.281) <0.001 1.729 (1.013–2.950) 0.045
HCC 0.569 (0.181–1.792) 0.335

MELD score 1.130 (1.110–1.150) <0.001 1.101 (1.072–1.131) <0.001

Abbreviations: HR, hazard ratio; PWR, platelet-to-white blood cell ratio; GI, gastrointestinal; INR, interna-
tional normalized ratio; ACLF, acute-on-chronic liver failure; MELD, Model for End-Stage Liver Disease; HCC,
hepatocellular carcinoma.
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Table 3. Risk factors for overall adverse outcomes of AD of liver cirrhosis.

Univariate HR
(95% CI)

p Value
PWR

Multivariate HR p Value

Age 1.003 (0.995–1.0101) 0.490
Sex 1.024 (0.824–1.271) 0.833

Cirrhosis etiology Ref. (others) Ref. (others)
Viral infection 1.003 (0.652–1.544) 0.989

Alcohol use 1.191 (0.853–1.664) 0.304
Viral infection and

alcohol use 1.670 (1.092–2.577) 0.018

Active alcoholism 1.098 (0.907–1.330) 0.337
Bacterial infection 1.641 (1.201–2.244) 0.002 1.051 (0.759–1.455) 0.771

GI bleeding 0.670 (0.535–0.839) <0.001 0.841 (0.666–1.063) 0.143
Toxic 0.412 (0.103–1.654) 0.211

Bilirubin 1.052 (1.042–1.063) <0.001
Albumin 0.420 (0.353–0.499) <0.001

INR 1.357 (1.297–1.419) <0.001
Na 0.941 (0.928–0.953) <0.001

PWR 0.610 (0.498–0.748) <0.001 0.852 (0.687–1.056) 0.413
ACLF 2.863 (2.333–3.515) <0.001 1.177 (0.881–1.571) 0.270
HCC 0.853 (0.544–1.338) 0.489

MELD score 1.088 (1.076–1.100) <0.001 1.088 (1.076–1.100) <0.001

3.3. Subgroup Analysis: Effects of the PWR Level on the 28-Day Adverse Outcomes According to
the Etiology of Cirrhosis and the Type of AD

To confirm the association of the PWR level and 28-day adverse outcomes in detail, we
performed subgroup analysis according to the etiology of cirrhosis and the main type of AD
(Table 4). Regardless of the etiology of cirrhosis (viral infection, alcohol use, viral infection
and alcohol use, and other), patients with a low PWR showed an increased risk of 28-day
adverse outcomes compared with patients with a high PWR. Especially in patients with
alcoholic cirrhosis, those with a low PWR level presented significantly increased adverse
outcomes compared with those with a high PWR level (p < 0.001). (Figure 2). In a subgroup
analysis according to the main type of AD (ascites, bacterial infection, GI bleeding, HE, and
jaundice), a low PWR level was more associated with the development of 28-day adverse
outcomes than a high PWR level regardless of the type of AD except bacterial infection.
Among patients with AD caused by bacterial infection, there was no significant difference
in 28-day adverse outcomes according to the PWR level (p = 0.524).

Table 4. Effect of PWR level on 28-day adverse outcomes according to subgroup analysis.

PWR ≤ 12.1 PWR > 12.1

Total Event Total Event p Value

Etiology of cirrhosis

Viral infection 70 7 126 9 0.519
Alcohol use 522 50 642 21 <0.001

Viral infection + alcohol
use 68 7 72 12 0.282

Others 49 4 121 1 0.010

Acute decompensation

Ascites
No 528 48 659 31 0.002
Yes 181 20 302 12 0.003

Infection
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Table 4. Cont.

PWR ≤ 12.1 PWR > 12.1

Total Event Total Event p Value

No 604 57 894 34 <0.001
Yes 105 11 67 9 0.524

GI bleeding
No 403 45 627 33 <0.001
Yes 306 23 334 10 0.011
HE
No 597 50 799 33 0.001
Yes 112 18 162 10 0.008

Jaundice
No 477 35 702 30 0.027
Yes 232 33 259 13 <0.001

Abbreviations: PWR, platelet-to-white blood cell ratio; GI, gastrointestinal; HE, hepatic encephalopathy.

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 8 of 13 
 

 

GI bleeding, HE, and jaundice), a low PWR level was more associated with the develop-

ment of 28-day adverse outcomes than a high PWR level regardless of the type of AD 

except bacterial infection. Among patients with AD caused by bacterial infection, there 

was no significant difference in 28-day adverse outcomes according to the PWR level (p = 

0.524). 

 

Figure 2. Cumulative 28-day adverse outcome in patients with alcohol liver cirrhosis according to 

PWR level. Abbreviation: PWR, platelet-to-white blood cell ratio. 

Table 4. Effect of PWR level on 28-day adverse outcomes according to subgroup analysis. 

 
PWR ≤ 12.1 PWR > 12.1 

Total Event Total Event p Value 

Etiology of cirrhosis 

Viral infection 70 7 126 9 0.519 

Alcohol use 522 50 642 21 <0.001 

Viral infection+ alcohol use 68 7 72 12 0.282 

Others 49 4 121 1 0.010 

Acute decompensation 

Ascites      

No 528 48 659 31 0.002 

Yes 181 20 302 12 0.003 

Infection      

No 604 57 894 34 <0.001 

Yes 105 11 67 9 0.524 

GI bleeding      

No 403 45 627 33 <0.001 

Yes 306 23 334 10 0.011 

HE      

No 597 50 799 33 0.001 

Yes 112 18 162 10 0.008 

Jaundice      

No 477 35 702 30 0.027 

Yes 232 33 259 13 <0.001 

Abbreviations: PWR, platelet-to-white blood cell ratio; GI, gastrointestinal; HE, hepatic encephalo-

pathy. 

Figure 2. Cumulative 28-day adverse outcome in patients with alcohol liver cirrhosis according to
PWR level. Abbreviation: PWR, platelet-to-white blood cell ratio.

3.4. Subgroup Analysis: Effects of the PWR Level on the 28-Day Adverse Outcomes According to
the Presence of ACLF

Among 1670 cirrhotic patients with AD, 315 (18.9%) developed ACLF at admission
according to the CLIF-C definition (Table 1). The patients who had ACLF at admission
demonstrated a poor adverse outcome compared with patients who did not have ACLF.
(63/315 (20%) vs. 48/1355 (3.5%), p = 0.001)). The median PWR level of both the absence of
ACLF and presence of ACLF were 14.1 (9.7–20.5) and 9.9 (6.4–15.3), respectively. In both
groups, the development of adverse outcomes was significantly higher in patients with low
PWR levels than in patients with high PWR levels (Figure 3) (absence of ACLF, p = 0.012;
presence of ACLF, p = 0.004).



J. Clin. Med. 2022, 11, 2463 9 of 12

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 9 of 13 
 

 

3.4. Subgroup Analysis: Effects of the PWR Level on the 28-Day Adverse Outcomes According 

to the Presence of ACLF 

Among 1670 cirrhotic patients with AD, 315 (18.9%) developed ACLF at admission 

according to the CLIF-C definition (Table 1). The patients who had ACLF at admission 

demonstrated a poor adverse outcome compared with patients who did not have ACLF. 

(63/315 (20%) vs. 48/1355 (3.5%), p = 0.001)). The median PWR level of both the absence of 

ACLF and presence of ACLF were 14.1 (9.7–20.5) and 9.9 (6.4–15.3), respectively. In both 

groups, the development of adverse outcomes was significantly higher in patients with 

low PWR levels than in patients with high PWR levels (Figure 3) (absence of ACLF, p = 

0.012; presence of ACLF, p = 0.004). 

 

Figure 3. Cumulative 28-day adverse outcomes according to ACLF. (A) Absence of ACLF, (B) pres-

ence of ACLF. Abbreviation: ACLF, acute-on-chronic liver failure; PWR, platelet-to-white blood cell 

ratio. 

4. Discussion 

This study revealed that a low PWR level was a prognostic factor associated with 28-

day adverse outcomes (death or LT) in cirrhotic patients with AD. Low PWR levels corre-

lated with adverse outcomes even after adjusting for well-known prognostic factors for 

mortality in LC, such as the presence of ACLF and the MELD score. A low PWR tended 

to increase the risk of adverse outcomes compared with a high PWR level regardless of 

the etiology of cirrhosis. 

Systemic inflammation in decompensated cirrhosis is a chronic condition related to 

products of bacterial translocation from the gut to the systemic circulation. Episodic ag-

gravations of bacterial translocation or proinflammatory precipitants are related to the 

development of one or more organ failures [6]. AD of cirrhosis caused by bacterial infec-

tion, GI bleeding, HBV reactivation, or the use of hepatotoxic drugs is the consequence of 

a broad spectrum of activated inflammatory cytokine pathways [5,17]. Rolando et al. re-

vealed that 887 patients with acute liver failure were investigated by sequential assess-

ment of SIRS, which was present in 56% of patients irrespective of whether the patients 

had bacterial infections. The severity of SIRS was associated with a more critical illness, 

the progression of encephalopathy, organ failure, and death [18]. 

Inflammatory biomarkers, such as the WBC, neutrophil, lymphocyte, and platelet 

counts and acute phase reactants, are easily available, relatively simple, and popular in 

clinical settings. The combination of these markers, such as the NLR, MLR, and PLR, has 

been studied for prognostic value in a variety of liver diseases. Interestingly, the NLR has 

already been identified as a short- and long-term prognostic marker for patients on the 

liver transplant waiting list and hospitalized patients with cirrhosis, ACLF, and AD with-

out ACLF [10,19–21]. 

Figure 3. Cumulative 28-day adverse outcomes according to ACLF. (A) Absence of ACLF, (B) presence of
ACLF. Abbreviation: ACLF, acute-on-chronic liver failure; PWR, platelet-to-white blood cell ratio.

4. Discussion

This study revealed that a low PWR level was a prognostic factor associated with
28-day adverse outcomes (death or LT) in cirrhotic patients with AD. Low PWR levels
correlated with adverse outcomes even after adjusting for well-known prognostic factors
for mortality in LC, such as the presence of ACLF and the MELD score. A low PWR tended
to increase the risk of adverse outcomes compared with a high PWR level regardless of the
etiology of cirrhosis.

Systemic inflammation in decompensated cirrhosis is a chronic condition related
to products of bacterial translocation from the gut to the systemic circulation. Episodic
aggravations of bacterial translocation or proinflammatory precipitants are related to the
development of one or more organ failures [6]. AD of cirrhosis caused by bacterial infection,
GI bleeding, HBV reactivation, or the use of hepatotoxic drugs is the consequence of a broad
spectrum of activated inflammatory cytokine pathways [5,17]. Rolando et al. revealed that
887 patients with acute liver failure were investigated by sequential assessment of SIRS,
which was present in 56% of patients irrespective of whether the patients had bacterial
infections. The severity of SIRS was associated with a more critical illness, the progression
of encephalopathy, organ failure, and death [18].

Inflammatory biomarkers, such as the WBC, neutrophil, lymphocyte, and platelet
counts and acute phase reactants, are easily available, relatively simple, and popular in
clinical settings. The combination of these markers, such as the NLR, MLR, and PLR, has
been studied for prognostic value in a variety of liver diseases. Interestingly, the NLR has
already been identified as a short- and long-term prognostic marker for patients on the liver
transplant waiting list and hospitalized patients with cirrhosis, ACLF, and AD without
ACLF [10,19–21].

In terms of the importance of the PWR in this study, the role of thrombocytopenia in
patients with CLD has several mechanisms, such as a reduction in hepatic thrombopoietin
production, splenomegaly due to increased splenic vein pressure, immune-mediated de-
struction, and destruction resulting from an inflammatory response with tumor necrosis
factor [22,23]. Thus, a low platelet count is closely associated with the severity of LC. The
WBC count, especially neutrophils, reflects ongoing inflammation. The systemic inflam-
matory response associated with endotoxemia induced an increased serum neutrophil
count [10,24]. Circulating neutrophils exhibit impaired phagocytic function and bactericidal
capacity, which are predictors of mortality in LC [25]. Previous studies in cirrhotic patients
associated with HBV demonstrated that a low PWR level was a poor prognostic marker
in decompensated cirrhosis and ACLF [12,13]. Along with these results, our finding is in
line with previous clinical reports showing an association between a low PWR and adverse
outcomes of liver disease not only in viral hepatitis but also in other etiologies of cirrhosis.
In this study, the association of a low PWR level and adverse outcomes was statistically sig-
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nificant regardless of the clinical types of AD in cirrhotic patients except bacterial infection.
In a previous prospective study of cirrhotic patients hospitalized for bacterial infection, the
mean WBC count was significantly increased in cirrhotic patients with bacterial infection
compared with cirrhotic patients without infection. However, most of them had WBC
counts within the normal range due to leukopenia with splenomegaly [26]. Our results
also showed that patients with bacterial infection had higher WBC counts than patients
without bacterial infection at admission (p < 0.001). Additionally, low platelet counts were
observed in patients with infection (p < 0.001). As a result, the PWR level was further
affected by bacterial infection and inflammation, along with the effect of hepatic dysfunc-
tion in AD, and its level was reduced compared to other clinical types of AD that did not
directly affect the PWR level. Recently, a prospective multicenter cohort named the Chinese
Acute-on-Chronic Liver Failure (CATCH-LIFE) study, which enrolled 3970 patients with
acute-on-chronic liver disease, reported that lower platelet counts increased the risk of
90-day adverse outcomes (death or LT) in these patients. They focused on the platelet
count level and included patients with and without cirrhosis and patients with and without
ACLF. However, patients with lower platelet count levels showed poor adverse outcomes
regardless of cirrhosis but not ACLF [27]. ACLF is a well-known poor prognosis factor.
ACLF predicts short-term and long-term mortality and is a better predictive factor than
the MELD and CPS scores in AD with CLD [2]. In our study, ACLF was an important
prognostic factor for 28-day adverse outcomes in cirrhotic patients with AD when com-
bined with the MELD score and PWR level (Table 2). In the subgroup analysis, a low PWR
level was associated with increased adverse outcomes regardless of whether patients had
ACLF (Figure 3). This finding suggests that the PWR level is a more useful prognostic
biomarker regardless of the severity of AD in cirrhotic patients than the platelet level alone.
In Asia, HBV (76%) is a major cause of ACLF [3,28], which is associated with increased
development of liver and coagulation failure. Currently, the APASL definition does not
include the status of cirrhosis. However, the KACLiF study involving 1470 prospectively
enrolled cirrhotic patients revealed that the major etiology was alcohol use (72%) [29].
ACLF generally occurs among patients with alcoholic cirrhosis (60%) and is caused by
infection, alcohol use, or both in Western countries [2]. Therefore, we suggest that the PWR
might be a simple and good surrogate marker for the risk of adverse outcomes in these
patients regardless of etiology.

This study has some limitations. First, alcohol use was the main etiology of cirrhosis
and acute insults in this study. A previous retrospective multicenter study in Korea also
found that the main cause of CLD with AD was alcohol use [30]. This is considered to
be the result of the widespread implementation of a universal HBV vaccination program
and oral antiviral therapy for HBV infection in Korea, which has been recommended since
2012 [31]. In addition, Korean culture is tolerant of drinking, and unlike in other Asian
countries, alcohol-related liver disease rather than liver disease due to other etiologies is a
major issue. Second, the long-term adverse outcomes could not be accurately identified
because the follow-up period was not long, so the PWR did not obtain any meaningful
results for the long-term prognosis.

Nonetheless, our study also has several strengths, including the large number of
patients with complete data in prospective study settings. This is the first prospective
study to evaluate whether the PWR level, a simple and easily tractable hematologic marker,
can predict adverse outcomes according to the various etiologies and clinical forms in AD
patients with cirrhosis. Additionally, PWR levels could stratify the risk of adverse events in
AD patients who may or may not have ACLF.

5. Conclusions

In conclusion, a low platelet-to-white blood cell ratio was associated with 28-day
adverse outcomes in patients with acute decompensation with cirrhosis, along with ACLF
and the MELD score. This simple hematologic parameter might be a good surrogate marker
for the risk of adverse outcomes in these patients regardless of etiology and clinical forms.



J. Clin. Med. 2022, 11, 2463 11 of 12

Author Contributions: Conceptualization, S.-E.K.; writing of the original draft, J.-H.K. (Jung-Hee
Kim) and S.-E.K.; writing, review, and editing, J.-H.K. (Jung-Hee Kim); data curation, J.-H.K. (Jung-
Hee Kim), D.-S.S., E.L.Y. and T.-H.K.; funding acquisition, H.-Y.K. (Hee-Yeon Kim) and K.-T.S.;
resources, S.-W.N., Y.-K.J., S.-H.K., S.-W.J., S.-G.K., Y.-J.J., G.-J.C., D.-H.S., H.-Y.K. (Hwi-Young Kim)
and I.-H.K.; investigation, H.-J.Y., J.-H.K. (Ji-Hoon Kim), S.-W.L., S.-H.K., Y.-S.S., H.-S.K., H.-A.L.,
J.-I.S., J.-H.K. (Jung-Hyun Kwon), H.-B.C., J.-H.S., J.-Y.C., Y.-J.K., J.-M.Y., J.-G.P., W.K. and H.-C.C.;
formal analysis, J.-H.K. (Jung-Hee Kim) and B.-G.J.; supervision, J.-M.Y., M.-Y.K., H.-C.C. and D.-J.K.;
methodology, J.-Y.J., J.-J.Y., B.-S.K. and W.-J.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Hallym University Research Fund (HURF-2018–03)
and the Basic Science Research Program (2020R1A6A1A03043026) through the National Research
Foundation of Korea funded by the Ministry of Education.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Hallym
University Medical Center (2015-I071, date of approval: 4 August 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. European Association for The Study of the Liver. EASL Clinical Practice Guidelines for the management of patients with

decompensated cirrhosis. J. Hepatol. 2018, 69, 406–460. [CrossRef] [PubMed]
2. Moreau, R.; Jalan, R.; Gines, P.; Pavesi, M.; Angeli, P.; Cordoba, J.; Durand, F.; Gustot, T.; Saliba, F.; Domenicali, M.; et al.

Acute-on-Chronic Liver Failure Is a Distinct Syndrome That Develops in Patients With Acute Decompensation of Cirrhosis.
Gastroenterology 2013, 144, 1426–1437.e9. [CrossRef] [PubMed]

3. Sarin, S.K.; Choudhury, A.; Sharma, M.K.; Maiwall, R.; Al Mahtab, M.; Rahman, S.; Saigal, S.; Saraf, N.; Soin, A.S.;
Devarbhavi, H.; et al. Acute-on-chronic liver failure: Consensus recommendations of the Asian Pacific association for the study
of the liver (APASL): An update. Hepatol. Int. 2019, 13, 353–390. [CrossRef] [PubMed]

4. Jalan, R.; Williams, R. Acute-on-chronic liver failure: Pathophysiological basis of therapeutic options. Blood Purif. 2002, 20, 252–261.
[CrossRef] [PubMed]

5. Clària, J.; Stauber, R.E.; Coenraad, M.J.; Moreau, R.; Jalan, R.; Pavesi, M.; Amorós, À.; Titos, E.; Alcaraz-Quiles, J.; Oettl, K.; et al.
Systemic inflammation in decompensated cirrhosis: Characterization and role in acute-on-chronic liver failure. Hepatology 2016,
64, 1249–1264. [CrossRef] [PubMed]

6. Arroyo, V.; Angeli, P.; Moreau, R.; Jalan, R.; Clària, J.; Trebicka, J.; Fernández, J.; Gustot, T.; Caraceni, P.; Bernardi, M. The systemic
inflammation hypothesis: Towards a new paradigm of acute decompensation and multiorgan failure in cirrhosis. J. Hepatol. 2021,
74, 670–685. [CrossRef]

7. Biyik, M.; Ucar, R.; Solak, Y.; Gungor, G.; Polat, I.; Gaipov, A.; Cakir, O.O.; Ataseven, H.; Demir, A.; Turk, S.; et al. Blood
neutrophil-to-lymphocyte ratio independently predicts survival in patients with liver cirrhosis. Eur. J. Gastroenterol. Hepatol. 2013,
25, 435–441. [CrossRef]

8. Zhang, J.; Feng, G.; Zhao, Y.; Zhang, J.; Feng, L.; Yang, J. Association between lymphocyte-to-monocyte ratio (LMR) and the
mortality of HBV-related liver cirrhosis: A retrospective cohort study. BMJ Open 2015, 5, e008033. [CrossRef]

9. Zhang, H.; Sun, Q.; Mao, W.; Fan, J.; Ye, B. Neutrophil-to-Lymphocyte Ratio Predicts Early Mortality in Patients with HBV-Related
Decompensated Cirrhosis. Gastroenterol. Res. Pract. 2016, 2016, 4394650. [CrossRef]

10. Cai, Y.J.; Dong, J.J.; Dong, J.Z.; Chen, Y.; Lin, Z.; Song, M.; Wang, Y.Q.; Chen, Y.P.; Shi, K.Q.; Zhou, M.T. A nomogram for predicting
prognostic value of inflammatory response biomarkers in decompensated cirrhotic patients without acute-on-chronic liver failure.
Aliment. Pharmacol. Ther. 2017, 45, 1413–1426. [CrossRef]

11. Mao, W.; Wu, J. Haematologic indices in hepatitis B virus-related liver disease. Clin. Chim. Acta 2020, 500, 135–142. [CrossRef]
[PubMed]

12. Zhang, J.; Qiu, Y.; He, X.; Mao, W.; Han, Z. Platelet-to-white blood cell ratio: A novel and promising prognostic marker for
HBV-associated decompensated cirrhosis. J. Clin. Lab. Anal. 2020, 34, e23556. [CrossRef] [PubMed]

13. Jie, Y.; Gong, J.; Xiao, C.; Zhu, S.; Zhou, W.; Luo, J.; Chong, Y.; Hu, B. Low Platelet to White Blood Cell Ratio Indicates Poor
Prognosis for Acute-On-Chronic Liver Failure. BioMed Res. Int. 2018, 2018, 7394904. [CrossRef] [PubMed]

14. Suk, K.T.; Baik, S.K.; Yoon, J.H.; Cheong, J.Y.; Paik, Y.H.; Lee, C.H.; Kim, Y.S.; Lee, J.W.; Kim, D.J.; Cho, S.W.; et al. Revision and
update on clinical practice guideline for liver cirrhosis. Korean J. Hepatol. 2012, 18, 1–21. [CrossRef] [PubMed]

15. Bone, R.C.; Balk, R.A.; Cerra, F.B.; Dellinger, R.P.; Fein, A.M.; Knaus, W.A.; Schein, R.M.; Sibbald, W.J. Definitions for sepsis and
organ failure and guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference Committee.
American College of Chest Physicians/Society of Critical Care Medicine. Chest 1992, 101, 1644–1655. [CrossRef]

http://doi.org/10.1016/j.jhep.2018.03.024
http://www.ncbi.nlm.nih.gov/pubmed/29653741
http://doi.org/10.1053/j.gastro.2013.02.042
http://www.ncbi.nlm.nih.gov/pubmed/23474284
http://doi.org/10.1007/s12072-019-09946-3
http://www.ncbi.nlm.nih.gov/pubmed/31172417
http://doi.org/10.1159/000047017
http://www.ncbi.nlm.nih.gov/pubmed/11867872
http://doi.org/10.1002/hep.28740
http://www.ncbi.nlm.nih.gov/pubmed/27483394
http://doi.org/10.1016/j.jhep.2020.11.048
http://doi.org/10.1097/MEG.0b013e32835c2af3
http://doi.org/10.1136/bmjopen-2015-008033
http://doi.org/10.1155/2016/4394650
http://doi.org/10.1111/apt.14046
http://doi.org/10.1016/j.cca.2019.10.007
http://www.ncbi.nlm.nih.gov/pubmed/31654630
http://doi.org/10.1002/jcla.23556
http://www.ncbi.nlm.nih.gov/pubmed/32893950
http://doi.org/10.1155/2018/7394904
http://www.ncbi.nlm.nih.gov/pubmed/29854786
http://doi.org/10.3350/kjhep.2012.18.1.1
http://www.ncbi.nlm.nih.gov/pubmed/22511898
http://doi.org/10.1378/chest.101.6.1644


J. Clin. Med. 2022, 11, 2463 12 of 12

16. Kim, W.R.; Mannalithara, A.; Heimbach, J.K.; Kamath, P.S.; Asrani, S.K.; Biggins, S.W.; Wood, N.L.; Gentry, S.E.; Kwong, A.J.
MELD 3.0: The Model for End-Stage Liver Disease Updated for the Modern Era. Gastroenterology 2021, 161, 1887–1895.e4.
[CrossRef]

17. Wasmuth, H.E.; Kunz, D.; Yagmur, E.; Timmer-Stranghöner, A.; Vidacek, D.; Siewert, E.; Bach, J.; Geier, A.; Purucker, E.A.;
Gressner, A.M.; et al. Patients with acute on chronic liver failure display “sepsis-like” immune paralysis. J. Hepatol. 2005,
42, 195–201. [CrossRef]

18. Rolando, N.; Wade, J.; Davalos, M.; Wendon, J.; Philpott-Howard, J.; Williams, R. The systemic inflammatory response syndrome
in acute liver failure. Hepatology 2000, 32, 734–739. [CrossRef]

19. Leithead, J.A.; Rajoriya, N.; Gunson, B.K.; Ferguson, J.W. Neutrophil-to-lymphocyte ratio predicts mortality in patients listed for
liver transplantation. Liver Int. 2015, 35, 502–509. [CrossRef]

20. Kwon, J.H.; Jang, J.W.; Kim, Y.W.; Lee, S.W.; Nam, S.W.; Jaegal, D.; Lee, S.; Bae, S.H. The usefulness of C-reactive protein and
neutrophil-to-lymphocyte ratio for predicting the outcome in hospitalized patients with liver cirrhosis. BMC Gastroenterol. 2015,
15, 146. [CrossRef]

21. Chen, L.; Lou, Y.; Chen, Y.; Yang, J. Prognostic value of the neutrophil-to-lymphocyte ratio in patients with acute-on-chronic liver
failure. Int. J. Clin. Pract. 2014, 68, 1034–1040. [CrossRef] [PubMed]

22. Mitchell, O.; Feldman, D.M.; Diakow, M.; Sigal, S.H. The pathophysiology of thrombocytopenia in chronic liver disease. Hepatic
Med. Evid. Res. 2016, 8, 39–50. [CrossRef]

23. Moore, A.H. Thrombocytopenia in Cirrhosis: A Review of Pathophysiology and Management Options. Clin. Liver Dis. 2019,
14, 183–186. [CrossRef] [PubMed]

24. Krogh-Madsen, R.; Møller, K.; Dela, F.; Kronborg, G.; Jauffred, S.; Pedersen, B.K. Effect of hyperglycemia and hyperinsulinemia
on the response of IL-6, TNF-alpha, and FFAs to low-dose endotoxemia in humans. Am. J. Physiol. Endocrinol. Metab. 2004,
286, E766–E772. [CrossRef] [PubMed]

25. Lim, K.H.; Potts, J.R.; Chetwood, J.; Goubet, S.; Verma, S. Long-term outcomes after hospitalization with spontaneous bacterial
peritonitis. J. Dig. Dis. 2015, 16, 228–240. [CrossRef]

26. Deutsch, M.; Manolakopoulos, S.; Andreadis, I.; Giannaris, M.; Kontos, G.; Kranidioti, H.; Pirounaki, M.; Koskinas, J. Bacterial
infections in patients with liver cirrhosis: Clinical characteristics and the role of C-reactive protein. Ann. Gastroenterol. 2018,
31, 77–83. [CrossRef] [PubMed]

27. Ouyang, R.; Li, H.; Xia, J.; Wang, X.; Zheng, X.; Huang, Y.; Meng, Z.; Gao, Y.; Qian, Z.; Liu, F.; et al. Lower platelet counts were
associated with 90-day adverse outcomes in acute-on-chronic liver disease patients. Ann. Palliat. Med. 2021, 10, 9342–9353.
[CrossRef]

28. Li, H.; Chen, L.Y.; Zhang, N.N.; Li, S.T.; Zeng, B.; Pavesi, M.; Amorós, À.; Mookerjee, R.P.; Xia, Q.; Xue, F.; et al. Characteristics,
Diagnosis and Prognosis of Acute-on-Chronic Liver Failure in Cirrhosis Associated to Hepatitis B. Sci. Rep. 2016, 6, 25487.
[CrossRef]

29. Yoon, E.L.; Kim, T.Y.; Lee, C.H.; Kim, T.H.; Cho, H.C.; Lee, S.S.; Kim, S.E.; Kim, H.Y.; Kim, C.W.; Song, D.S.; et al. Long-term
Prognosis of Acute-on-Chronic Liver Failure Survivors. J. Clin. Gastroenterol. 2019, 53, 134–141. [CrossRef]

30. Kim, T.Y.; Song, D.S.; Kim, H.Y.; Sinn, D.H.; Yoon, E.L.; Kim, C.W.; Jung, Y.K.; Suk, K.T.; Lee, S.S.; Lee, C.H.; et al. Characteristics
and Discrepancies in Acute-on-Chronic Liver Failure: Need for a Unified Definition. PLoS ONE 2016, 11, e0146745. [CrossRef]

31. Korean Association for the Study of the Liver. KASL Clinical Practice Guidelines: Management of chronic hepatitis B. Clin. Mol.
Hepatol. 2012, 18, 109–162. [CrossRef] [PubMed]

http://doi.org/10.1053/j.gastro.2021.08.050
http://doi.org/10.1016/j.jhep.2004.10.019
http://doi.org/10.1053/jhep.2000.17687
http://doi.org/10.1111/liv.12688
http://doi.org/10.1186/s12876-015-0378-z
http://doi.org/10.1111/ijcp.12408
http://www.ncbi.nlm.nih.gov/pubmed/24666824
http://doi.org/10.2147/hmer.S74612
http://doi.org/10.1002/cld.860
http://www.ncbi.nlm.nih.gov/pubmed/31879561
http://doi.org/10.1152/ajpendo.00468.2003
http://www.ncbi.nlm.nih.gov/pubmed/14722028
http://doi.org/10.1111/1751-2980.12228
http://doi.org/10.20524/aog.2017.0207
http://www.ncbi.nlm.nih.gov/pubmed/29333070
http://doi.org/10.21037/apm-21-1019
http://doi.org/10.1038/srep25487
http://doi.org/10.1097/MCG.0000000000000987
http://doi.org/10.1371/journal.pone.0146745
http://doi.org/10.3350/cmh.2012.18.2.109
http://www.ncbi.nlm.nih.gov/pubmed/22893865

	Introduction 
	Materials and Methods 
	Study Patients 
	Data Collection and the Definition of Clinical Parameters 
	Primary Outcomes and Follow-Up 
	Statistical Analysis 

	Results 
	Comparison of Baseline Characteristics 
	Associated Factors for 28-Day and Overall Adverse Outcomes of AD of Liver Cirrhosis 
	Subgroup Analysis: Effects of the PWR Level on the 28-Day Adverse Outcomes According to the Etiology of Cirrhosis and the Type of AD 
	Subgroup Analysis: Effects of the PWR Level on the 28-Day Adverse Outcomes According to the Presence of ACLF 

	Discussion 
	Conclusions 
	References

