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Lower platelet counts were associated with 90-day adverse 
outcomes in acute-on-chronic liver disease patients
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Background: Chronic liver diseases (CLD), including cirrhosis and non-cirrhotic liver diseases, are 
globally widespread and create a serious disease burden. Platelet count is a clinically accessible and affordable 
prognostic indicator of liver disease. We investigated the relationship between platelet count and 90-day 
prognosis in patients with acute-on-chronic liver diseases (AoCLD).
Methods: A total of 3,970 patients with AoCLD from the Chinese Acute-on-Chronic Liver Failure 
(CATCH-LIFE) study, which included two prospective multi-center cohorts, were included in the study. We 
grouped the patients according to the platelet count and analyzed the 90-day adverse outcome (death or liver 
transplantation).
Results: In the final analysis, 3,939 patients with AoCLD were included, of whom 2,802 had definite liver 
cirrhosis. The cumulative incidence of 90-day adverse outcomes in patients increased with the change of 
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Introduction

Chronic liver diseases (CLDs) usually include cirrhosis and 
non-cirrhotic liver diseases, such as chronic viral hepatitis, 
alcoholic liver disease, and non-alcoholic fatty liver disease. 
As of 2017, about 1.5 billion people worldwide were affected 
by CLD, the digestive disease with the largest number of 
patients and which causes more than 1.3 million deaths a 
year (1,2). In China alone, CLD poses a serious burden of 
disease, resulting in the deaths of about 154,000 patients 
a year (3,4). Patients with CLD are often hospitalized 
because of acute hepatic injury or decompensation, which 
are termed acute-on-chronic liver diseases (AoCLD) (5). 
Early detection of disease changes and timely treatment are 
important measures to improve the prognosis of CLD.

Platelets, also called thrombocytes, are the smallest 
type of blood cell, and are produced by megakaryocytes in 
the bone marrow; they are active players in liver disease 
and inflammation (6,7). Among patients with CLD, those 
with cirrhosis usually experience thrombocytopenia due to 
multifactorial conditions. The degree of thrombocytopenia 
is proportional to the severity of liver disease (8,9). 
Therefore, platelet count is often used in the diagnosis 
and evaluation of liver disease. For example, the sequential 
organ failure assessment (SOFA) score and the chronic liver 
failure–sequential organ failure assessment (CLIF-SOFA) 
score, used for the assessment of acute-on-chronic liver 
failure (ACLF), the fibrosis 4 score (FIB-4) and aspartate 
aminotransferase to platelet ratio index (APRI), used for 
liver fibrosis evaluation, and the Baveno VI criteria for 
portal hypertension all use platelet count as an indicator 

(10-14). Recently, platelet count has also been used in a new 
score to predict hepatocellular carcinoma development in 
patients with chronic hepatitis (15). However, few clinical 
studies on platelet-related prognosis have been performed 
in the huge population with AoCLD, who are patients 
with CLD requiring active medical intervention. In this 
study, we aimed to analyze the relationship between platelet 
counts and 90-day adverse outcomes in patients with 
AoCLD and to evaluate prognosis based on platelet count. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1019).

Methods

Patients

Patients were from the Chinese Acute-on-Chronic Liver 
Failure (CATCH-LIFE) study, which included two 
prospective multi-center cohorts with AoCLD. There 
were 2,600 patients in the investigation cohort (enrollment 
initiated in January 2015 and ended in December 2016) 
and 1,370 patients in the validation cohort (enrollment 
initiated in July 2018 and ended in January 2019), recruited 
from 15 tertiary hospitals in China (5,16,17). The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013) and was approved by the Renji Hospital 
Ethics Committee of Shanghai Jiaotong University School 
of Medicine (No. 2014-148K and 2016-142K). The study 
was registered at www.clinicaltrials.gov (NCT02457637, 
NCT03641872). All patients gave their informed consent 

platelet group (log-rank P<0.001). From univariate and multivariate analyses, platelet count was inversely 
associated with the incidence of 90-day adverse outcomes in patients (P for trend <0.001). The group with 
platelet count <20×109/L had the highest risk (odds ratio, 3.15; 95% confidence interval, 1.59–6.25), with 21 
(36.8%) of these patients having adverse outcomes within 90 days. The risk of a 90-day adverse outcome in 
patients increased by 5% for every 10×109/L decrease in platelet count below 210×109/L.
Conclusions: Lower platelet count was associated with a higher incidence of 90-day adverse outcomes in 
patients with AoCLD. Even within the normal platelet count range, the risk of a 90-day adverse outcome in 
patients increased with decreases in platelet count.
Trial Registration: NCT02457637, NCT03641872.
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prior to their inclusion in the study.
In this study, CLD was defined as cirrhosis or non-

cirrhotic liver disease with a history of liver dysfunction 
lasting more than 6 months. Cirrhosis was diagnosed 
based on computed tomography or magnetic resonance 
imaging, laboratory tests, clinical symptoms, and history 
of liver disease. Acute exacerbation was defined as acute 
hepatic injury [alanine aminotransferase (ALT) or aspartate 
aminotransferase (AST) >3× upper limit of normal or total 
bilirubin >2× upper limit of normal] within 1 week before 
enrollment or acute decompensation [ascites, hepatic 
encephalopathy (HE), bacterial infection, or gastrointestinal 
bleeding] within 1 month before enrollment (5,16,17).

We included 3,970 patients in this analysis. Twenty 
patients who were admitted for transplantation and 
underwent the procedure within 48 hours after enrollment, 
and 11 patients with missing platelet count data were 
excluded. The final analysis included 3,939 patients (Figure 1).

Data collection

We collected the following demographic and clinical 
information on admission: age; sex; etiologies of liver 
disease and acute decompensation events; laboratory 
parameters; scores [Child-Turcotte-Pugh (CTP); CLIF-
SOFA; Model for End-Stage Liver Disease (MELD), 
and MELD-sodium (MELD-Na)]; and prognosis (all-
cause mortality was considered the endpoint; liver 
transplantation and loss to follow-up were considered 

censoring events). Diagnosis of acute-on-chronic liver 
failure (ACLF) was performed according to the European 
Association for the Study of Liver-Chronic Liver Failure 
(EASL-CLIF) criteria (11).

Outcomes

The outcome was an adverse outcome [death or liver 
transplantation (LT)] within 90 days. 

Statistical analysis

Continuous variables were analyzed using Student’s t-test, 
Mann-Whitney’s U test, or Kruskal-Wallis test among 
different groups and expressed as medians with interquartile 
range (IQR). Categorical variables were compared with the 
chi-squared or Fisher’s exact tests and expressed as number 
and percentage. The effect of prognostic variables on  
90-day adverse outcome was analyzed using the Kaplan-
Meier method and compared by log-rank test. 

Patients were divided into five groups (platelet count 
<20×109/L, 20–50×109/L, 50–100×109/L, 100–150×109/L, 
and ≥150×109/L) based on SOFA score and the lower limit 
of normal platelet count. Multivariate logistic regression 
by a backward stepwise method was used to assess the odds 
ratio (OR) and 95% confidence interval (CI) for 90-day 
adverse outcome and platelet count (as a continuous variable 
and a categorical variable). In addition, logistic regression 
was used to assess the statistical significance of trends based 

Figure 1 Screening and enrolment of patients. CATCH-LIFE, Chinese Acute-on-Chronic Liver Failure.

2,600 patients in CATCH-LIFE 
investigation cohort

2,802 patients with cirrhosis
(71.1%)

1,370 patients in CATCH-LIFE 
validation cohort

1,137 patients with non-cirrhosis
(28.9%)

3,970 patients hospitalized for acute liver injury or acute decompensation

Patients were excluded:
20 admitted for liver transplantation and 
underwent the procedure within 48 hours after 
enrollment
11 missed the value of platelet count

3,939 patients included in final analysis
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on variables containing the median value for each group (18).  
We adjusted for several factors in our logistic models. In 
model 1, we adjusted for age, sex, cirrhosis, and etiology. In 
model 2, we adjusted for model 1 plus various laboratory 
parameters (ALT, white blood cell count, hemoglobin, 
sodium, total bilirubin, international normalized ratio, and 
creatinine). In model 3, we adjusted for model 2 plus acute 
decompensation events, such as gastrointestinal bleeding, 
infection, ascites, and HE. Sensitivity analysis included 
patients after multiple imputations of missing values  
(Figure S1).

A generalized additive model and smooth curve fitting 
were performed to characterize the shape of the relationship 
between platelet count and the incidence of 90-day adverse 
outcome. A two-sided significance level of <0.05 was used 
to evaluate statistical significance. Statistical analyses were 
performed using SPSS (version 25.0; SPSS Inc, Chicago, 
IL, USA) or R (version 4.0.2; http://www.r-project.org, 
Vienna, Austria).

Results

Patients and baseline characteristics

Of 3,939 patients included in the final analysis, 2,802 had 
cirrhosis, and the remaining 1,137 patients did not have 
definite liver cirrhosis (Figure 1).

Figure S2 shows the frequency of platelet counts. 
Baseline characteristics for the platelet groups are presented 
in Table 1. There were significant differences (P<0.05) in 
demographic data, acute decompensation events, laboratory 
data, and scores among the groups. 

90-day outcomes

No patients were lost to follow-up within 90 days. The 
number of outcomes per group is displayed in Table 1. 
Patients with 90-day adverse outcomes had lower median 
platelet count than those without (median 76×109/L vs. 
99×109/L, P<0.001). The median platelet count in the acute 
decompensation subgroup was lower in the present group 
than in the absent group (P<0.001) (Figure S3). Patients in 
group 1 (platelet count <20×109/L) had the worst prognosis, 
with 21 (36.8%) patients having 90-day adverse outcomes. 
The incidence of adverse outcomes was lowest in group 5 
(platelet count ≥150×109/L), with 66 (7.1%) patients who 
died and 31 (3.3%) who had liver transplantation. The LT-
free mortality was 20.0%, 17.8%, 16.0%, 13.0%, and 7.3% 

in groups 1, 2, 3, 4, and 5, respectively. 
On Kaplan-Meier analysis, the cumulative incidence of 

90-day adverse outcomes in patients with AoCLD increased 
with the change of platelet group (log-rank P<0.001) 
(Figure 2). There were also differences between each group 
in patients with cirrhosis or non-cirrhosis. The difference 
was significant in cirrhosis patients without ACLF, but not 
significant in patients with ACLF (Figure S4).

Univariate and multivariate analysis for 90-day adverse 
outcomes

Univariate and multivariate analysis for 90-day adverse 
outcomes is presented in Table 2. We constructed an 
unadjusted model and three adjusted models to evaluate 
the relationship between platelet count and 90-day adverse 
outcomes. The results of univariate and multivariate analysis 
were similar: platelet count was inversely associated with the 
incidence of 90-day adverse outcomes (P for trend <0.001). 
Compared with group 5 in model 3 (adjusted for the most 
variables), the risk in each group gradually increased, and 
group 1 had the highest risk (OR, 3.15; 95% CI, 1.59–6.25). 
As a continuous variable (per 10×109/L decrease), platelet 
count was also found to be independently associated with 
90-day adverse outcomes (OR, 1.02; 95% CI, 1.00–1.04). 
In the subgroup analysis of cirrhosis and non-cirrhosis, 
we found the same trend results as in the overall analysis. 
Furthermore, the same trend was seen in the non-ACLF 
subgroup in cirrhosis (Table S1). Sensitivity analysis after 
multiple imputations of missing values obtained results 
consistent with the above analysis (Table S2).

Associations between platelet count and the incidence of 
90-day adverse outcomes

A generalized additive model with P-spline smoothers was 
performed to characterize the shape of the relationship 
between platelet count and the incidence of 90-day 
adverse outcomes in adjusted model 3 (Figure S5). The 
adjusted effect of platelet count between 0 and 210×109/L 
on log odds of 90-day adverse outcomes was nearly linear  
(Figure 3),  with an adjusted OR of 1.05 (95% CI, 
1.03–1.08; P<0.001) (Table 3) associated with a 10×109/L  
decrease in platelet count at any level between 0 and 
210×109/L (e.g., a patient with platelet count of 140×109/L  
had a 5% higher adjusted odds of adverse outcome than 
one with platelet count of 150×109/L, and so on throughout 
the entire range) (19).

https://cdn.amegroups.cn/static/public/APM-21-1019-supplementary.pdf
http://www.r-project.org
https://cdn.amegroups.cn/static/public/APM-21-1019-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-1019-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-1019-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-1019-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-1019-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-21-1019-supplementary.pdf
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Table 1 Patient characteristics for each platelet group

Variablesa, 109/L PLT <20, N=57 20≤ PLT <50, N=660
50≤ PLT <100, 

N=1,390
100≤ PLT <150, 

N=897
PLT ≥150, N=935 P valueb

Age, years 49.0 (41.0–58.0) 51.0 (44.3–59.0) 50.0 (42.0–59.0) 47.0 (37.0–57.0) 43.0 (34.0–53.0) <0.001

Male sex, n (%) 36 (63.2) 466 (70.6) 1,057 (76.0) 679 (75.8) 667 (71.3) 0.004

Etiology, n (%) <0.001

HBV 33 (57.9) 396 (60.0) 779 (56.0) 522 (58.2) 477 (51.0)

Alcoholic 3 (5.3) 70 (10.6) 146 (10.5) 65 (7.2) 87 (9.3)

HBV-alcoholic 3 (5.3) 50 (7.6) 139 (10.0) 85 (9.5) 76 (8.1)

HCV 2 (3.5) 27 (4.1) 64 (4.6) 20 (2.2) 19 (2.0)

Others 16 (28.1) 117 (17.7) 262 (18.8) 205 (22.9) 276 (29.5)

Cirrhosis 57 (100.0) 640 (97.0) 1,179 (84.8) 548 (61.1) 378 (40.4)

Acute decompensation, n (%)

HE <0.001

Non-HE 50 (87.7) 579 (87.7) 1,257 (90.4) 834 (93.0) 880 (94.1)

Grade 1–2 5 (8.8) 65 (9.8) 104 (7.5) 50 (5.6) 40 (4.3)

Grade 3–4 2 (3.5) 16 (2.4) 29 (2.1) 13 (1.4) 15 (1.6)

Infection 13 (22.8) 164 (24.8) 342 (24.6) 169 (18.8) 153 (16.4) <0.001

Ascites 37 (64.9) 430 (65.2) 770 (55.4) 358 (39.9) 252 (27.0) <0.001

Gastrointestinal 
bleeding 

14 (24.6) 156 (23.6) 256 (18.4) 84 (9.4) 68 (7.3) <0.001

Laboratory tests

Total bilirubin, mg/dL 4.9 (2.3–11.6) 3.2 (1.5–9.7) 4.5 (1.8–15.1) 5.7 (1.8–16.4) 3.9 (1.2–14.4) <0.001

INR 1.6 (1.3–1.9) 1.6 (1.3–2.0) 1.5 (1.3–1.9) 1.4 (1.2–1.8) 1.2 (1.0–1.5) <0.001

Creatinine, mg/dL 0.8 (0.6–1.0) 0.8 (0.6–1.0) 0.8 (0.7–1.0) 0.8 (0.6–0.9) 0.8 (0.6–0.9) <0.001

BUN, mmol/L 5.5 (3.8–8.7) 5.4 (3.9–7.7) 4.9 (3.7–6.9) 4.3 (3.3–5.8) 4.0 (3.1–5.4) <0.001

ALT, IU/L 36.1 (19.0–77.2) 36.2 (22.0-74.6) 64.9 (29.1–214.0) 226.0 (58.0–662.6) 259.5 (67.1-714.0) <0.001

AST, IU/L 56.0 (30.5–110.5) 51.5 (32.0–98.6) 89.5 (44.8–210.3) 175.0 (76.0–430.1) 171.0 (72.0–425.1) <0.001

WBC, 109 /L 2.7 (2.0–4.7) 3.3 (2.3–4.9) 4.5 (3.4–6.4) 5.5 (4.3–7.4) 6.2 (4.9–8.4) <0.001

Hemoglobin, g/L 91.0 (73.5–111.0) 103.0 (82.0–118.0) 114.0 (92.0–129.0) 127.0 (106.5–143.0) 131.0 (111.0–146.0) <0.001

Sodium, mmol/L 136.5 (132.0–139.2) 138.0 (134.6–140.6) 138.0 (134.9–140.8) 138.4 (136.0–140.7) 139.0 (136.2–141.0) <0.001

CTP score 10.0 (8.0–11.5) 10.0 (8.0–11.0) 9.0 (7.8–11.0) 9.0 (7.0–10.0) 7.0 (6.0–9.0) <0.001

MELD score 16.0 (12.0–24.0) 16.0 (11.0–21.8) 16.0 (11.0–23.0) 16.0 (10.0–23.0) 12.0 (8.0–19.0) <0.001

MELD-Na score 19.0 (14.5–25.5) 17.0 (13.0–24.0) 18.0 (12.0–25.0) 18.0 (12.0–25.0) 14.0 (9.0–22.0) <0.001

CLIF-SOFA score 7.0 (6.0–8.0) 5.0 (4.0–7.0) 5.0 (3.0–7.0) 5.0 (3.0–7.0) 4.0 (2.0–6.0) <0.001

EASL-ACLF 10 (17.5) 96 (14.5) 166 (11.9) 90 (10.0) 54 (5.8) <0.001

Table 1 (continued)
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Table 1 (continued)

Variablesa, 109/L PLT <20, N=57 20≤ PLT <50, N=660
50≤ PLT <100, 

N=1,390
100≤ PLT <150, 

N=897
PLT ≥150, N=935 P valueb

Outcome, n (%)

90-day LT-free 
mortality

9 (20.0) 107 (17.8) 208 (16.0) 112 (13.0) 66 (7.3) <0.001

90-day adverse 
outcome

21 (36.8) 166 (25.2) 298 (21.4) 246 (16.3) 97 (10.4) <0.001

Death 9 (15.8) 107 (16.2) 208 (15.0) 112 (12.5) 66 (7.1)

LT 12 (21.1) 59 (8.9) 90 (6.5) 34 (3.8) 31 (3.3)
a, continuous data are presented as median (25th–75th percentiles); b, comparison between patients in the five groups. PLT, platelet 
count; HBV, hepatitis B virus; HCV, hepatitis C virus; HE, hepatic encephalopathy; INR, international normalized ratio; BUN, blood urea 
nitrogen; ALT, aspartate aminotransferase; AST, alanine aminotransferase; WBC, white blood cell; CTP, child-turcotte-pugh; MELD, model 
for end-stage liver disease; MELD-Na, model for end-stage liver disease-sodium; CLIF-SOFA, chronic liver failure–sequential organ failure 
assessment; EASL, European Association for the Study of Liver; ACLF, acute-on-chronic liver failure; LT, liver transplantation. 

Figure 2 Kaplan-Meier graph of 90-day adverse outcome stratified by platelet groups.
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897 850 806 786 772 759 754
935 902 871 855 845 840 834
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We dichotomized patients in the study into “low” vs. “not 
low” platelet groups using various cut point increments 
of 10×109/L starting from 200×109/L (Figure 4). Logistic 
regression adjusted model 3 was used to estimate the OR 
of 90-day adverse outcomes between the two groups. We 
found that as platelet count rose to 200×109/L, the “low” 
group always had a higher risk of 90-day adverse outcomes 
than the “not low” group (P<0.05). Patients with platelet 

count below 20×109/L had the highest adjusted odds of 
adverse outcomes (OR, 2.10; 95% CI, 1.12–3.95). 

Discussion

The patients with AoCLD in this study included not only 
patients with ACLF but also those who were hospitalized 
due to acute hepatic injury or decompensation and did 
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Table 2 Univariate and multivariate logistic regression analysis of 90-day adverse outcome

Variables, 109/L
90-day adverse 
outcome, n (%)

PLT median, 
109/L

Unadjusted model Model 1a Model 2b Model 3c

Odds ratio (95% confidence interval)

All patients 728 (18.5) 94.0

PLT <20 21 (36.8) 15.0 5.04 (2.83–8.98) 2.98 (1.66–5.36) 3.12 (1.57–6.20) 3.15 (1.59–6.25)

20≤ PLT <50 166 (25.2) 37.7 2.90 (2.21–3.82) 1.76 (1.31–2.35) 1.91 (1.34–2.73) 1.83 (1.28–2.62)

50≤ PLT <100 298 (21.4) 72.0 2.36 (1.84–3.02) 1.57 (1.21–2.04) 1.52 (1.12–2.06) 1.49 (1.09–2.03)

100≤ PLT <150 246 (16.3) 121.0 1.68 (1.28–2.21) 1.38 (1.04–1.83) 1.16 (0.84–1.62) 1.17 (0.84–1.63)

PLT ≥150 97 (10.4) 194.0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

P value for trendd <0.001 <0.001 <0.001 <0.001

PLT (continuous - per 10×109/L decrease) 1.05 (1.04–1.07) 1.02 (1.01–1.04) 1.02 (1.00–1.04) 1.02 (1.00–1.04)

Cirrhosis patients 641 (22.9) 75.0

PLT<20 21 (36.8) 15.0 2.44 (1.34–4.42) 2.47 (1.36–4.49) 2.83 (1.40–5.73) 2.84 (1.40–5.75)

20≤ PLT <50 162 (25.3) 37.0 1.42 (1.04–1.93) 1.42 (1.04–1.94) 1.69 (1.15–2.50) 1.64 (1.11–2.43)

50≤ PLT <100 266 (22.6) 71.0 1.22 (0.91–1.63) 1.21 (0.90–1.61) 1.30 (0.92–1.85) 1.28 (0.90–1.82)

100≤ PLT <150 119 (21.7) 119.5 1.16 (0.84–1.61) 1.16 (0.84–1.60) 1.05 (0.72–1.54) 1.05 (0.71–1.55)

PLT ≥150 73 (19.3) 192.0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

P value for trendd 0.009 0.009 0.002 0.002

PLT (continuous - per 10×109/L decrease) 1.01 (1.00–1.03) 1.01 (1.00–1.03) 1.02 (1.00–1.03) 1.01 (0.99–1.03)

Non-cirrhosis patients 87 (7.7) 148.0

PLT <20 0

20≤ PLT <50 4 (20.0) 41.5 5.55 (1.72–17.88) 4.27 (1.31–13.98) 5.65 (1.48–21.64) 5.37 (1.33–21.72)

50≤ PLT <100 32 (15.2) 82.0 3.97 (2.28–6.92) 3.63 (2.07–6.35) 2.74 (1.42–5.26) 2.44 (1.22–4.85)

100≤ PLT <150 27 (7.7) 125.0 1.86 (1.06–3.28) 1.84 (1.04–3.25) 1.56 (0.81–2.99) 1.65 (0.84–3.24)

PLT ≥150 24 (4.3) 196.0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

P value for trendd <0.001 <0.001 <0.001 0.003

PLT (continuous - per 10×109/L decrease) 1.09 (1.05–1.14) 1.08 (1.04–1.13) 1.06 (1.02–1.11) 1.06 (1.01–1.10)
a, model 1: adjusted for age, sex, cirrhosis, and etiology; b, model 2: adjusted for model 1 plus laboratory variables (ALT, WBC, hemoglobin, 
sodium, total bilirubin, INR, and creatinine); c, model 3: adjusted for model 2 plus AD (gastrointestinal bleeding, infection, ascites, and HE); d, 
test for trend based on variable containing median value for each group. PLT, platelet count; ALT, aspartate aminotransferase; WBC, white 
blood cell; INR, international normalized ratio; AD, acute decompensation; HE, hepatic encephalopathy. 

not meet the ACLF standard, which is more in line with 
the overall situation of patients who need treatment in 
clinical practice. This study is the first to use multicenter 
prospective cohort data to clarify the relationship between 
platelet count and the 90-day prognosis of patients with 
AoCLD. Lower platelet count was associated with 90-day  
adverse outcomes of patients with AoCLD, among whom 
patients with platelet count below normal had worse 

outcomes than those whose platelet count was above 
normal, with a further decrease resulting in a worse 
outcome. From previous studies, we knew that the degree 
of platelet count reduction is related to the severity of liver 
disease, and when it is below a certain threshold, the risk 
of bleeding increases significantly (9,20). Moreover, low 
platelet count could adversely affect the treatment of CLD, 
limiting the ability to perform therapy and delaying planned 
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surgical/diagnostic procedures due to increased bleeding 

risk (21).

In the study, we used the platelet scoring standard from 

the evaluation of coagulation failure in the SOFA score for 

grouping. The SOFA score is widely used to describe organ 
dysfunction/failure in general intensive care units, and it 
is also used for the prognosis of patients with severe liver 
disease (11,22). The results confirmed that platelet grading 
in the SOFA score has clinical significance for the prognosis 
of patients with CLD. Moreover, the numerical values of 
the four score thresholds are relatively easy to remember 
and convenient for clinical use.

The lower limit of the normal range of platelet count 
is generally 150×109/L, and below this value is defined as 
thrombocytopenia. The prevalence of thrombocytopenia 
has been observed in up to 76% of patients with CLD, 
which is almost consistent with our results (21). However, 
it should be noted that the current normal range of 
platelet count is not necessarily applicable in patients with 
CLD. In our study, we found that platelet count was nearly 
negatively linearly correlated with adverse outcomes 
from below 210×109/L, which is still within the normal 
range. Therefore, any two patients with a platelet count 
difference of 10×109/L, in the range below 210×109/L,  
differed in the adjusted 90-day adverse outcome rate 
by 5%. Our results also showed that as platelet count 
cutoff increased to 200×109/L, the “low” group always 
had a higher risk of 90-day adverse outcomes than the 
“not-low” group. In Figure S5, we found that when the 
platelet count was >210×109/L, the incidence of 90-day 
adverse outcomes increases, but the increase was within 
limit, and the CI represented by the dotted line was 

Figure 3 Association of platelet count and the incidence of 90-day adverse outcome in adjusted model 3: age, sex, cirrhosis, etiology, 
laboratory variables (ALT, WBC, hemoglobin, sodium, total bilirubin, INR, creatinine), and AD (gastrointestinal bleeding, infection, ascites, 
HE). ALT, aspartate aminotransferase; WBC, white blood cell; INR, international normalized ratio; AD, acute decompensation; HE, hepatic 
encephalopathy.
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Table 3 Multivariate logistic regression analysis of 90-day adverse 
outcome (adjusts for model 3, platelet count <210×109/L)

PLT (continuous)
Odds ratio (95% 

confidence interval)
P value

All patients

Per 10×109/L decrease 1.05 (1.03–1.08) <0.001

Per 20×109/L decrease 1.11 (1.05–1.17) <0.001

Cirrhosis patients

Per 10×109/L decrease 1.05 (1.02–1.08) <0.001

Per 20×109/L decrease 1.10 (1.04–1.16) <0.001

Non-cirrhosis patients

Per 10×109/L decrease 1.08 (1.01–1.16) 0.027

Per 20×109/L decrease 1.17 (1.02–1.35) 0.027

Model 1: adjusted for age, sex, cirrhosis, and etiology; Model 
2: adjusted for model 1 plus laboratory variables (ALT, WBC, 
hemoglobin, sodium, total bilirubin, INR, and creatinine); Model 
3: adjusted for model 2 plus AD (gastrointestinal bleeding, 
infection, ascites, and HE). PLT, platelet count; ALT, aspartate 
aminotransferase; WBC, white blood cell; INR, international 
normalized ratio; AD, acute decompensation; HE, hepatic 
encephalopathy.

https://cdn.amegroups.cn/static/public/APM-21-1019-supplementary.pdf
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Figure 4 Platelet count and adjusted odds ratio of 90-day adverse outcomes. Adjusted for age, sex, cirrhosis, etiology, laboratory variables 
(ALT, WBC, hemoglobin, sodium, total bilirubin, INR, creatinine), and AD (gastrointestinal bleeding, infection, ascites, HE). CI, confidence 
interval; ALT, aspartate aminotransferase; WBC, white blood cell; INR, international normalized ratio; AD, acute decompensation; HE 
hepatic encephalopathy.
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also significantly larger. In addition, only 355 patients 
had platelet counts >210×109/L in this study, which was 
<10% of the total. Among them, 31 patients with adverse 
outcomes accounted for less than 5% of the overall 
adverse outcomes, with a relatively limited impact on the 
overall results. Therefore, the decrease in platelet counts 
in the overall trend was associated with an increase in the 
incidence of adverse outcomes. In AoCLD, we must be 
aware that the prognosis of patients with different platelet 
counts is different even when platelet counts are within 
the normal range.

In our study, all patients with platelet count <20×109/L  
had cirrhosis, and they had the highest incidence of  
90-day adverse outcomes whether with ACLF or not. 
Patients often required platelet transfusion in clinical 
practice and were not suitable for invasive surgery (21). In 
the CLIF-SOFA score that evolved from the SOFA score, 
we also found that platelet count <20×109/L was associated 
with the highest score in coagulation failure (11). These 

results remind us to pay careful attention to such patients 
in clinical practice. From another perspective, patients 
without ACLF on admission might have pre-ACLF, in 
which two major pathophysiological mechanisms (systemic 
inflammation and portal hypertension) led to adverse 
outcomes (23). This situation would be in accordance with 
the patients in our study being admitted to the hospital due 
to acute hepatic injury or decompensation and with the  
90-day prognosis assessment. Although such patients were 
only a few, further research might find some new knowledge 
about pre-ACLF.

Many non-invasive scores of liver fibrosis use the 
platelet count as an indicator because it is an active player 
in liver inflammation and fibrosis, which are related to the 
prognosis of CLD (7,12,13). In our subgroup analysis of 
patients with non-cirrhosis, we found that platelet count 
was associated with 90-day adverse outcomes, which further 
proved its applicability in the evaluation of the prognosis of 
patients with non-cirrhosis.
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B e c a u s e  p l a t e l e t  c o u n t  i s  a s s o c i a t e d  w i t h 
hypersplenism, it is also widely used in the diagnosis 
of portal hypertension. The Baveno VI Consensus had 
recommended that patients with platelet count >150×109/L  
and liver stiffness measurement <20 kPa can relatively safely 
avoid screening endoscopy because only 5% of high-risk 
varices are missed (14). A recent study found that platelet 
count >105×109/L could be used as an indicator to safely 
avoid more screening endoscopies in patients with hepatitis 
B virus-related compensated cirrhosis on antiviral therapy. 
It showed the potential of platelet count alone to identify 
patients at risk of portal hypertension (24), which was in line 
with our finding that patients with acute decompensation 
events, including gastrointestinal bleeding and ascites, have 
lower median platelet count.

Severe thrombocytopenia is often associated with severe 
complications of CLD, and it might be the latter, rather 
than thrombocytopenia itself, that ultimately determines 
the prognosis (25). Thus, the main reason for using platelet-
increasing drugs in some studies was to reduce the need for 
platelet transfusions and the risk of bleeding during invasive 
surgery, rather than improve the prognosis of the disease 
in patients with CLD (9,20,26,27). In addition, there was 
insufficient evidence to prove that thrombocytopenia can 
be treated by either platelet transfusion, splenic embolism, 
splenectomy, or placement of a Transjugular intrahepatic 
portosystemic stent shunt (TIPSS) to improve the long-
term prognosis of CLD; these treatment measures also had 
several limitations and disadvantages (28).

In general, platelet count is a good indicator to help 
distinguish the natural course of CLD and assess the 
prognosis. Platelet count is a routine blood test, clinically 
accessible and affordable, even in underdeveloped areas; 
therefore, its use in assessing the condition of AoCLD is 
easy to adopt.

Limitations

Our study had several limitations. First, this study was 
designed to be observational, and the correlation between 
the change of platelet count and the prognosis after specific 
treatment could not be obtained. Second, the study used 
baseline data, but patients’ previous treatment (such as 
platelet transfusion) was likely to impact platelet count 
at admission. Furthermore, the relationship between the 
dynamic changes of platelet count and the prognosis of 
patients with AoCLD was not analyzed, although some 
studies have found such a relationship (29,30).

Conclusions

Lower platelet count was associated with the 90-day adverse 
outcome of patients with AoCLD, among whom patients 
with platelet count below normal had worse outcomes 
than those with platelet count above normal. Even within 
the normal range, the risk of a 90-day adverse outcome in 
patients increased by 5% for each 10×109/L decrease in 
platelet count below 210×109/L.
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Figure S1 Missing value distribution.

Figure S2 Platelet count frequency.
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Figure S3 Median Platelet count across acute decompensation subgroups.
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Figure S4 Kaplan-Meier graph of 90-day adverse outcome. A Patients with cirrhosis. B Patients without cirrhosis. C Patients with ACLF. D 
Patients without ACLF.
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Table S1 Univariate and multivariate analysis of 90-day adverse outcome (Patients with ACLF and non-ACLF)

Variables, 109/L
90-day adverse outcome, 

n (%)
PLT median,  

109/L

Unadjusted model Model 3a

Odds ratio (95% Confidence interval)

ACLF patients 243(58.4) 80.0

PLT<20 6(60.0) 15.0 1.29(0.33–5.11)

20≤PLT<50 57(59.4) 36.0 1.26(0.64–2.47)

50≤PLT<100 98(59.0) 73.5 1.24(0.67–2.30)

100≤PLT<150 53(58.9) 119.5 1.23(0.63–2.44)

PLT≥150 29(53.7) 170.5 1 [Reference]

P value for trendb 0.540

PLT (Continuous- per 10×109/L decrease) 1.01(0.97–1.05)

Non-ACLF patients  398(16.7) 74.0

PLT<20 15(31.9) 15.0 2.98(1.50–5.95) 3.35(1.55–7.25)

20≤PLT<50 105(19.3) 38.0 1.52(1.04–2.23) 1.83(1.16–2.86)

50≤PLT<100 168(16.6) 70.0 1.27(0.88–1.81) 1.37(0.91–2.06)

100≤PLT<150 66(14.4) 119.5 1.07(0.71–1.62) 1.12(0.71–1.77)

PLT≥150 44(13.6) 196.0 1 [Reference] 1 [Reference]

P value for trendb 0.005 0.002

PLT (Continuous- per 10×109/L decrease) 1.01(0.99–1.03) 1.01(0.99–1.03)

Abbreviations: ACLF, acute-on-chronic liver failure; PLT, platelet count; ALT, aspartate aminotransferase; WBC, white blood cell; INR, 
international normalized ratio; AD, acute decompensation; HE, hepatic encephalopathy; Model 1: adjusted for age, sex, cirrhosis, and 
etiology; Model 2: adjusted for model 1 plus laboratory variables (ALT, WBC, hemoglobin, sodium, total bilirubin, INR, and creatinine); 
aModel 3: adjusted for model 2 plus AD (gastrointestinal bleeding, infection, ascites, and HE); bTest for trend based on variable containing 
median value for each group.
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Table S2 Univariate and multivariate sensitivity analysis of 90-day adverse outcome

Variables,109/L
90-day adverse 
outcome, n (%)

PLT median, 
109/L

Unadjusted model Model 1a Model 2b Model 3c

Odds ratio (95% Confidence interval)

All patients 728(18.5) 94.0

PLT<20 21(36.8) 15.0 5.04(2.83–8.98) 2.98(1.66–5.36) 3.06(1.54–6.05) 3.06(1.55–6.06)

20≤PLT<50 166(25.2) 37.7 2.90(2.21–3.82) 1.76(1.31–2.35) 1.97(1.39–2.80) 1.90(1.33–2.69)

50≤PLT<100 298(21.4) 72.0 2.36(1.84–3.02) 1.57(1.21–2.04) 1.51(1.12–2.05) 1.48(1.09–2.01)

100≤PLT<150 246(16.3) 121.0 1.68(1.28–2.21) 1.38(1.04–1.83) 1.20(0.87–1.65) 1.20(0.87–1.67)

PLT≥150 97(10.4) 194.0 1[Reference] 1 [Reference] 1 [Reference] 1 [Reference]

P value for trendd <0.001 <0.001 <0.001 <0.001

PLT (Continuous- per 10×109/L decrease) 1.05(1.04–1.07) 1.02(1.01–1.04) 1.02(1.00–1.04) 1.02(1.00–1.04)

Cirrhosis patients           641(22.9) 75.0

PLT<20 21(36.8) 15.0 2.44(1.34–4.42) 2.47(1.36–4.49) 2.78(1.38–5.60) 2.79(1.38–5.64)

20≤PLT<50 162(25.3) 37.0 1.42(1.04–1.93) 1.42(1.04–1.94) 1.75(1.19–2.58) 1.70(1.15–2.51)

50≤PLT<100 266(22.6) 71.0 1.22(0.91–1.63) 1.21(0.90–1.61) 1.31(0.92–1.84) 1.28(0.90–1.81)

100≤PLT<150 119(21.7) 119.5 1.16(0.84–1.61) 1.16(0.84–1.60) 1.08(0.92–1.84) 1.08(0.74–1.58)

PLT≥150 73(19.3) 192.0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

P value for trendd 0.009 0.009 0.003 0.002

PLT (Continuous- per 10×109/L decrease) 1.01(1.00–1.03) 1.01(1.00–1.03) 1.02(1.00–1.03) 1.01(1.00–1.03)

Non-cirrhosis patients 87(7.7) 148.0

PLT<20 0

20≤PLT<50 4(20.0) 41.5 5.55(1.72–17.88) 4.27(1.31–13.98) 5.63(1.66–19.08) 5.17(2.53–10.56)

50≤PLT<100 32(15.2) 82.0 3.97(2.28–6.92) 3.63(2.07–6.35) 2.67(1.40–5.11) 2.35(1.19–4.63)

100≤PLT<150 27(7.7) 125.0 1.86(1.06–3.28) 1.84(1.04–3.25) 1.58(0.83–3.01) 1.63(0.84–3.17)

PLT≥150 24(4.3) 196.0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

P value for trendd <0.001 <0.001 <0.001 0.004

PLT (Continuous- per 10×109/L decrease) 1.09(1.05–1.14) 1.08(1.04–1.13) 1.06(1.02–1.11) 1.05(1.01–1.10)

Abbreviations: PLT, platelet count; ALT, aspartate aminotransferase; WBC, white blood cell; INR, international normalized ratio; AD, acute 
decompensation; HE, hepatic encephalopathy; aModel 1: adjusted for age, sex, cirrhosis, and etiology; bModel 2: adjusted for model 1 
plus laboratory variables (ALT, WBC, hemoglobin, sodium, total bilirubin, INR, and creatinine); cModel 3: adjusted for model 2 plus AD 
(gastrointestinal bleeding, infection, ascites, and HE); dTest for trend based on variable containing median value for each group
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Figure S5 Association of platelet count and the incidence of 90-day adverse outcome in adjusted model 3; Model 1: adjusted for age, sex, 
cirrhosis, and etiology; Model 2: adjusted for model 1 plus laboratory variables (ALT, WBC, hemoglobin, sodium, total bilirubin, INR, and 
creatinine); Model 3: adjusted for model 2 plus AD (gastrointestinal bleeding, infection, ascites, and HE).
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