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Abstract: Objective: To identify predictors of prolonged hospital length of stay (LOS) in decompensated cirrhosis
(DC) patients and to develop a prediction model based on hematologic and inflammatory indices. Methods: We
retrospectively studied 338 hospitalized patients with DC. Admission blood indices reflecting hematologic status
(hemoglobin, hematocrit, red blood cell (RBC) count, platelets, mean corpuscular volume, red cell distribution width
[RDW]) and inflammation (monocyte-to-lymphocyte ratio [MLR], neutrophil-monocyte-lymphocyte ratio [NMLR],
systemic inflammation response index [SIRI]) were compared between patients with LOS > 7 days vs < 7 days.
Multivariable logistic regression and machine learning were used to identify independent predictors of LOS > 7
days, with model performance assessed by area under the receiver operating characteristic curve (AUC) on a held-
out test set. Results: Of 338 patients (median age 58 years, 33% female), 52% had LOS > 7 days. Prolonged LOS
was associated with more severe cytopenias (lower hemoglobin, hematocrit, RBC count, platelets) and heightened
inflammation (higher RDW and inflammatory ratios; all P < 0.05). Nonlinear thresholds were observed. An admis-
sion RBC count < 5.2 x 10*2/L and hemoglobin > 117 g/L were linked to reduced risk of prolonged stay. A predictive
model using these 11 markers achieved moderate discrimination (test AUC 0.72; sensitivity 72%, specificity 58%).
Conclusions: Admission hematologic and inflammatory markers are independent predictors of prolonged LOS in DC.
A machine learning model derived from routinely available low-cost tests provided moderate risk stratification for
identifying patients at increased risk and supporting early clinical management.
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Introduction (approximately $4.5 billion in the US), as its
treatment requires long-term and resource-
intensive inpatient care [9]. For these patients

with severe liver disease, effective manage-

Cirrhosis is a major cause of morbidity and
mortality worldwide and it causes about app-

roximately one million deaths each year [1-4]. In
the United States it is the eighth leading cause
of death, with a heavy burden on the health-
care system, high hospitalization rates and ris-
ing medical costs [5]. When cirrhosis progress-
es to the decompensated stage patients often
develop ascites, variceal hemorrhage, hepatic
encephalopathy, and hepatorenal syndrome
[6-8]. Patients will experience frequent hospi-
talizations, a high short-term mortality rate,
and frequent early readmissions [9]. Decom-
pensated cirrhosis (DC) is estimated to induce
billions of dollars in annual healthcare costs

ment is complex and often requires multidisci-
plinary collaboration to address complications
in multiple organ systems simultaneously [5].

Hospital length of stay (LOS) is an important
intermediate outcome in DC [2]. It reflects dis-
ease severity and the efficiency of inpatient
management. Prolonged LOS indicates a more
complicated clinical course such as refractory
ascites or poorly controlled infections. It also
increases the use of healthcare resources and
raises medical costs. LOS is clinically impor-
tant, and it has received relatively less atten-
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tion in cirrhosis research than endpoints such
as mortality or 30-day readmission. Most prog-
nostic studies on DC have focused on predict-
ing death or early rehospitalization. Existing
risk models, including MELD-Na-based scores,
often have limited accuracy in capturing the full
complexity of the inpatient course [9]. The fac-
tors influencing LOS in DC patients are multi-
factorial and not fully elucidated. These include
the extent of liver and kidney dysfunction, num-
ber and severity of complications, co-existing
infections, nutritional status, and even system-
level practices. For example, patients present-
ing with acute hepatic encephalopathy or other
severe complications typically have significant-
ly longer hospital stays [9, 10]. There is also
growing evidence that laboratory markers of
hematologic and inflammatory derangements
carry prognostic value in advanced liver dis-
ease. More than 70% of patients hospitalized
with acute decompensation are anemic. Severe
anemia is associated with significantly higher
short-term mortality [11]. Similarly, elevated
inflammation-based indices (such as neutro-
phil-to-lymphocyte ratio [NLR] or related com-
posite scores) are associated with more ad-
vanced cirrhosis features and poorer outcomes
[12]. These observations suggest that a pa-
tient’s hematologic and immune-inflammatory
status at admission might correspond to their
ability to recover quickly or, conversely, indicat-
ing potentially prolonged hospital stays.

More systematic research of LOS in DC is need-
ed. Utilizing modern data-driven analytical me-
thods can help distinguish the impact of vari-
ous clinical and laboratory factors on LOS.
These methods can reveal nonlinear relation-
ships or threshold effects that traditional linear
models may miss. This study analyzed a large
cohort of hospitalized DC patients to identify
key predictors of prolonged LOS. We focused
on readily available hematologic and inflamma-
tory parameters (reflecting anemia severity,
erythrocyte morphology, and systemic inflam-
mation) as candidate risk factors. This selec-
tion was based on their biological relevance to
advanced cirrhosis and preliminary associa-
tions with outcomes noted in prior studies. We
developed and validated an interpretable pre-
diction model for prolonged hospitalization in
DC. Early identification of high-risk patients
may help clinicians plan treatment and allocate
medical resources more effectively. It may also
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support targeted management such as infec-
tion control or nutritional support and improve
overall care efficiency. The overall study design
is shown in Figure 1.

Methods
Study population

This retrospective cohort study included 338
adult patients with DC who were admitted to a
tertiary hospital between January 2022 and
December 2024. The Medicine Ethics Commi-
ttee of Funan County People’s Hospital revie-
wed and approved this research (FNLL2025-
1027654). All patient information was anony-
mized in accordance with the Declaration of
Helsinki. The diagnosis of DC was established
based on clinical, laboratory, and imaging crite-
ria, including the presence of at least one major
complication such as ascites, variceal bleed-
ing, hepatic encephalopathy, or hepatorenal sy-
ndrome. Patients under 18 years of age, with
acute liver failure, hematologic malignancies,
active gastrointestinal bleeding at admission,
or incomplete clinical data were excluded. All
patient demographic, laboratory, and hospital-
ization information were collected from the
hospital electronic medical record system.

Definition of outcomes

The primary outcome was hospital LOS defined
as the days from admission to discharge.
Patients were divided into the short-stay (< 7
days) and the prolonged-stay (= 7 days) based
on the median LOS of the cohort. This thresh-
old was chosen to reflect significant clinical dif-
ferences in hospital burden and to be consis-
tent with the previous research results on the
care of hospitalized liver cirrhosis.

Laboratory measurements

Routine hematologic and biochemical parame-
ters were tested within 24 hours of admission
using standardized automated analyzers in the
hospital’'s central laboratory. The hematologic
indices including hematocrit (HCT), hemoglobin
(Hb), red blood cell (RBC) count, mean corpus-
cular volume (MCV), mean corpuscular hemo-
globin (MCH), red cell distribution width (RDW,
reported as coefficient of variation [RDW-CV]
and standard deviation [RDW-SD]), and platelet
(PLT) count.
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Hematologic and inflammatory indices predict prolonged LOS in DC
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Figure 1. Flowchart of the study. This study investigates factors influencing hospital length of stay (LOS) in patients
with decompensated cirrhosis (DC), focusing on admission hematologic and inflammatory markers. Data from 338
adult hospitalized DC patients were analyzed to identify predictors of prolonged hospitalization (> 7 days). Severe
anemia with lower HCT, RBC, Hb and increased inflammation reflected by higher MLR were independently associ-
ated with longer LOS. Nonlinear associations were observed for RBC count and Hb level. A predictive model based
on 11 blood markers showed modest performance (AUC 0.72) to identify high-risk patients. This study suggests that
these blood indices can help clinicians stratify risk early and guide targeted interventions to reduce hospitalization
duration and improve outcomes. HCT, hematocrit; RBC, red blood cell; Hb, hemoglobin; MCV, mean corpuscular
volume; MCH, mean corpuscular hemoglobin; RDW-CV, red cell distribution width-coefficient of variation; RDW-SD,
red cell distribution width-standard deviation; PLT, platelet; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived neu-
trophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NMLR, neutrophil-to-monocyte-to-lymphocyte ratio;
SIRI, systemic inflammation response index; Sll, systemic immune-inflammation index.

The following comprehensive indicators based Statistical analysis

on inflammation were derived: monocyte-to-

lymphocyte ratio (MLR), neutrophil-monocyte- Sample size was estimated using the empirical
lymphocyte ratio (NMLR), and systemic inflam- rule of at least 10 events per predictor variable
mation response index (SIRI = neutrophil count (EPV) in logistic regression. A total of 175
x monocyte count/lymphocyte count). These events with LOS > 7 days and 11 candidate pre-
indices were chosen to reflect erythrocyte mor- dictors produced an EPV of 15.9, which sup-
phology and systemic immune activation. ported the stability of the multivariable analy-
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sis. All laboratory indices had a missing rate
below 2%. Missing values were replaced by the
median of each variable.

Distribution of continuous variables was test-
ed using the Kolmogorov-Smirnov test. Con-
tinuous data are presented as median and
interquartile range [IQR]. Categorical data are
reported as counts (percentages). Group differ-
ences were analyzed by the Mann-Whitney U
test for continuous data and the x? test for cat-
egorical data.

Univariate analyses identified hematologic vari-
ables associated with LOS at P < 0.05. Clinically
relevant variables were included in multivari-
able logistic regression to determine indepen-
dent predictors of prolonged hospitalization.
Restricted cubic spline and segmented regres-
sion analyses were used to assess nonlinear
threshold effects of Hb and RBC count on LOS
[13, 14].

Predictive models were developed and inter-
nally validated using 5-fold cross-validation.
Model performance was evaluated by the ar-
ea under the receiver operating characteristic
(ROC) curve (AUC), accuracy, sensitivity, speci-
ficity, and F1 score. Shapley additive explana-
tion (SHAP) analysis quantified the contribution
and direction of each variable and improved
model interpretation.

All analyses were conducted using R software
(version 4.4.1). A two-sided P value < 0.05 was
considered statistically significant.

Results

Hematologic and inflammatory profiles associ-
ated with length of hospital stay

Among 338 patients with DC, 163 (48.2%) had
a hospital stay of less than 7 days, and 175
(51.8%) remained hospitalized for more than 7
days. The median age of the overall cohort was
58.0 years (IQR, 53.0-67.5), and 32.8% were
female. No significant differences were ob-
served in age, sex distribution, body mass index
(BMI), white blood cells (WBC), monocytes
(MONO), neutrophils (NEUT) or lymphocytes
(LYMPH) between the two groups (all P > 0.05)
(Table 1).

Patients with longer hospitalization showed sig-
nificantly lower HCT (median, 0.35 [IQR, 0.31-
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0.39] vs 0.38 [0.32-0.42]; P = 0.003), RBC
count (3.78 [3.06-4.34] vs 4.16 [3.50-4.60]; P
< 0.001), Hb level (118.0 [102.5-135.0] vs
127.0 [104.0-142.0]; P = 0.020), and PLT count
(72.0 [50.0-109.5] vs 87.0 [66.0-139.8]; P =
0.015). In contrast, patients hospitalized for
more than 7 days exhibited significantly higher
red cell distribution width (RDW-CV: 0.14 [0.13-
0.16] vs 0.14 [0.13-0.16]; P = 0.006; RDW-SD:
50.4 [46.1-55.5] vs 47.8 [44.5-51.9]; P <
0.001) and MCV (94.1 [88.3-98.1] vs 91.8
[86.4-97.2]; P = 0.035) (Table 1).

Inflammation-based indices also differed
between groups. The MLR (0.35 [0.23-0.51] vs
0.31 [0.21-0.41]; P = 0.008), NMLR (3.08
[2.16-4.95] vs 2.77 [1.99-3.88]; P = 0.047),
and SIRI (0.78 [0.44-1.47] vs 0.65 [0.39-1.06];
P =0.021) were all significantly elevated among
patients with prolonged hospitalization. No sig-
nificant differences were found for NLR, sys-
temic immune-inflammation index (Sll). Colle-
ctively, anemia, thrombocytopenia, and height-
ened systemic inflammatory responses were
correlated with longer hospital stays in patients
with DC (Table 1).

Threshold effects of red blood cell count and
hemoglobin on length of hospital stay

Restricted cubic spline and segmented regres-
sion analyses revealed nonlinear associations
between hematologic parameters and hospital-
ization duration among patients with DC (Figure
2A, 2B).

For RBC count, a significant threshold effect
was observed (P for likelihood test < 0.001).
Below the inflection point of 5.21 x 10?/L,
lower RBC count was significantly associated
with a higher likelihood of prolonged hospital-
ization (odds ratio [OR], 0.59; 95% confidence
interval [Cl], 0.44-0.80; P < 0.001). When RBC
count exceeded 5.21 x 10*?/L, the association
was no longer significant (OR, 1.14; 95% ClI,
0.70-1.84; P = 0.596) (Table 2).

For Hb concentration, a nonlinear relationship
was identified (P for likelihood test = 0.028). Hb
levels below 117 g/L showed no significant
association with hospital stay (OR, 1.01; 95%
Cl, 0.99-1.02; P = 0.245). While Hb concentra-
tions above 117 g/L were inversely correlated
with prolonged hospitalization (OR, 0.98; 95%
Cl, 0.96-1.00; P = 0.024) (Table 2).
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Table 1. Baseline hematologic and inflammatory characteristics of patients with decompensated cir-

rhosis according to length of hospital stay

) LOS < 7 days LOS > 7 days o

Variables Total (n = 338) (n= 163)y (n= 175)y Statistic P
Age, years, M (Q,, Q,) 58.00 (53.00, 67.50) 56.50 (51.75, 67.00) 59.00 (53.50, 69.00) Z=-1.07 0.286
BMI, kg/m?, M (Q,, Q,) 24.22 (21.88, 26.87) 24.61 (21.96, 27.12) 24.11 (21.86, 26.37) Z=-1.22 0.224
Sex, n (%) x?=0.02 0.902

Male 227 (67.16) 110 (67.48) 117 (66.86)

Female 111 (32.84) 53(32.52) 58 (33.14)
WBC, 10%L, M (Q,, Q,) 3.83(2.80, 5.21) 3.77 (2.79, 4.86) 3.83(2.81, 5.50) =-1.06 0.288
MONO, 10%L, M (Q,, Q,) 0.28 (0.19, 0.42) 0.27 (0.18, 0.41) 0.30(0.20, 0.43) Z=-1.48 0.140
MONQO, % (decimal), M (Q,, Q,) 0.07 (0.06, 0.10) 0.07 (0.06, 0.09) 0.08 (0.06, 0.10) Z=-134 0.180
NEUT, 10%L, M (Q,, Q,) 2.29 (1.59, 3.35) 2.23(1.61,3.21) 2.46 (1.58, 3.54) Z=-112 0.262
NEUT, % (decimal), M (Q,, Q,) 0.63 (0.56, 0.72) 0.62 (0.56, 0.71) 0.66 (0.55, 0.73) =-1.30 0.194
LYMPH, 10%/L, M (Q,, Q,) 0.89 (0.57, 1.43) 0.95 (0.58, 1.50) 0.83 (0.52, 1.27) Z=-152 0.128
LYMPH, % (decimal), M (Q,, Q,) 0.24 (0.17, 0.32) 0.26 (0.20, 0.32) 0.24 (0.16, 0.31) Z=-1.88 0.060
HCT, L/L, M (Q,, Q) 0.36 (0.31, 0.41) 0.38 (0.32, 0.42) 0.35 (0.31, 0.39) Z=-297 0.003
RBC, 10%/L, M (Q,, Q,) 3.98 (3.35, 4.47) 4.16 (3.50, 4.60) 3.78(3.06, 4.34) Z=-366 <0.001

Hb, g/L, M (Q,, Q,)
PLT, 10°%/L, M Q, Q3)
MCV, fL, M (Q,, Q3)
MCH, pg, M (Q,, Q)
MCHC, g/L, M (Q,, Q,)

121.00 (103.00, 138.00)
79.00 (52.00, 125.00)

127.00 (104.00, 142.00) 118.00 (102.50, 135.00) Z=-2.33 0.020
87.00 (56.00, 139.75) 72.00 (50.00, 109.50) Z=-243 0.015
92.75 (87.43, 97.57) 91.80 (86.35, 97.15) 94.10 (88.30, 98.10) Z=-211 0.035
31.20 (29.13, 33.18) 30.90 (28.80, 32.55) 31.50 (29.45, 33.45) Z=-212 0.034
333.00 (321.25, 346.00) 332.00 (319.50, 343.00) 334.00 (323.00, 347.00) =-1.60 0.109

RDW-CV, % (decimal), M (Q,, Q.) 0.14 (0.13, 0.16) 0.14 (0.13, 0.16) 0.14 (0.13, 0.16) z=276  0.006
RDW-SD, fL, M (Q,, Q.) 49.20 (45.50, 53.98) 47.80 (44.45, 51.90) 50.40 (46.05,55.45)  Z=-3.88  <0.001
NLR, M (Q,, Q,) 2.62 (1.78, 4.07) 2.44 (1.71, 3.46) 2.75 (1.84, 4.44) z=-179 0073
dNLR, M (Q,, Q,) 0.87 (0.81, 0.89) 0.87 (0.82, 0.89) 0.86 (0.80, 0.89) Z=-047  0.866
MLR, M (Q,, Q,) 0.33(0.22, 0.47) 0.31(0.21, 0.41) 0.35(0.23, 0.51) z=263  0.008
NMLR, M (Q,, Q,) 2.93 (2.03, 4.57) 2.77 (1.99, 3.88) 3.08 (2.16, 4.95) Z=-199  0.047
SIRI, M (Q,, Q) 0.70 (0.40, 1.26) 0.65 (0.39, 1.06) 0.78 (0.44, 1.47) z=-232 0021
sll, M (Q,, Q.) 203.23 (117.90, 365.50)  197.18 (127.59, 368.40)  207.94 (112.07,360.37) Z=-0.28  0.779

Abbreviations: M, median; Q, first quartile; Q,, third quartile; Z, Mann-Whitney U test statistic; X2, chi-square test; LOS, length of stay; BMI, body mass index; WBC, white
blood cell; MONO, monocyte; NEUT, neutrophil; LYMPH, lymphocyte; HCT, hematocrit; RBC, red blood cell; Hb, hemoglobin; PLT, platelet; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW-CV, red cell distribution width-coefficient of variation; RDW-SD, red

cell distribution width-standard deviation; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NMLR,
neutrophil-to-monocyte-to-lymphocyte ratio; SIRI, systemic inflammation response index; Sll, systemic immune-inflammation index.
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Figure 2. The nonlinear associations between hematologic parameters and hospitalization duration among patients
with DC. Restricted cubic spline analyses of the associations of (A) RBC count and (B) Hb level with hospitalization
duration in patients with DC.
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Table 2. Threshold effects of red blood cell count and hemoglobin on length of hospital stay

Variables Models OR (95% ClI) P
RBC (10%*?/L) Model 1 Fitting model by standard linear regression 0.98 (0.90-1.07) 0.697
Model 2 Fitting model by two-piecewise linear regression
Inflection point 5.21
<b.21 0.59 (0.44-0.80) <0.001
>5.21 1.14 (0.70-1.84) 0.596
P for likelihood test <0.001
Hb (g/L) Model 1 Fitting model by standard linear regression 0.99 (0.99-1.00) 0.064
Model 2 Fitting model by two-piecewise linear regression
Inflection point 117.00
<117.00 1.01 (0.99-1.02) 0.245
>117.00 0.98 (0.96-1.00) 0.024
P for likelihood test 0.028

Abbreviations: OR, odds ratio; Cl, confidence interval; RBC, red blood cell; Hb, hemoglobin.

Anemia severity showed a nonlinear threshold
effect on hospitalization risk. Hb levels above
approximately 117 g/L and RBC counts around
5.2 x 10'2/L may be associated with a shorter
hospital stay in patients with DC.

Model performance and validation

A multivariable machine learning model was
constructed to predict prolonged hospitaliza-
tion (= 7 days) in patients with DC. Eleven
hematologic and inflammatory parameters
were selected as input features based on their
univariate associations and clinical interpret-
ability: HCT, RBC, Hb, PLT, MCV, MCH, RDW-CV,
RDW-SD, MLR, NMLR, and SIRI. These indica-
tors reflect anemia severity, erythrocyte mor-
phology, and systemic inflammatory activation.
These key factors influence hepatic decompen-
sation and clinical recovery.

Seven supervised learning algorithms including
logistic regression, random forest, adaptive
boosting (AdaBoost), k-nearest neighbor (KNN),
extreme gradient boosting (XGBoost), light gra-
dient boosting machine (LightGBM), and cate-
gorical boosting (CatBoost) were developed.
Model performance was evaluated using 5-fold
cross-validation in the training set and an inde-
pendent testing set.

AdaBoost achieved an AUC of 0.872 in the
training set (Figure 3A). The confusion matrix
showed the best generalization performance in
the testing set with an accuracy of 0.65, F1
score of 0.67, recall of 0.72, and AUC of 0.723.
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Sensitivity was 0.72 and specificity was 0.58.
The model showed good discriminative ability
without clear overfitting (Figure 3A-C; Table 3).
Calibration analysis showed good agreement
between predicted probability and observed
events and the Hosmer-Lemeshow test was not
significant (P > 0.05), indicating no significantly
poor fit. CatBoost (AUC = 0.720) and logistic
regression (AUC = 0.674) showed comparable
but slightly lower predictive accuracy. Random
forest and KNN exhibited overfitting, with per-
fect training results but substantially reduced
test AUCs (0.64 and 0.55, respectively) (Figure
3A, 3B; Table 3).

Hematologic and inflammatory parameters ca-
ptured important biological differences among
DC patients. Variables related to erythrocyte
indices and immune activation showed stable
predictive value. AdaBoost model showed the
most balanced and interpretable prediction
performance and may support early risk as-
sessment and clinical decision making in ad-
vanced liver disease.

Feature contribution and model interpretation

Model interpretation was assessed using SHAP
analysis to measure the contribution of each
predictor in AdaBoost model. Eleven hemato-
logic and inflammatory variables were included:
HCT, RBC, Hb, PLT, MCV, MCH, RDW-CV, RDW-
SD, MLR, NMLR, and SIRI.

The global SHAP summary plot showed that
RDW-SD, PLT, MCV, and RBC were the most

Am J Transl Res 2026;18(5):3816-3827
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Figure 3. Machine learning algorithms for predicting the risk of prolonged hospitalization in DC. A. The ROC curves of
the prolonged hospitalization prediction models in the training set. B. The ROC curves of the prolonged hospitaliza-
tion prediction models in the testing set. C. Confusion matrix analysis of AdaBoost prediction model for prolonged
hospitalization in DC.

Table 3. Performance of machine learning models for predicting prolonged hospitalization in patients
with decompensated cirrhosis

Model Dataset AUC Accuracy Recall F1score Sensitivity Specificity
Logistic Regression Train 0.664 0.634 0.560 0.615 0.560 0.715
Test 0.674 0.647 0.560 0.609 0.560 0.731
Random Forest Train 0.999 0.999 0.999 0.999 0.999 0.999
Test 0.640 0.569 0.440 0.500 0.440 0.692
Adaboost Train 0.872 0.812 0.860 0.827 0.860 0.759
Test 0.723 0.647 0.720 0.667 0.720 0.577
KNN Train 0.999 0.999 0.999 0.999 0.999 0.999
Test 0.547 0.549 0.440 0.489 0.440 0.654
XGBoost Train 0.752 0.707 0.653 0.700 0.653 0.766
Test 0.685 0.627 0.520 0.578 0.520 0.731
LightGBM Train 0.908 0.836 0.793 0.835 0.793 0.883
Test 0.654 0.627 0.480 0.558 0.480 0.769
Catboost Train 0.912 0.847 0.833 0.850 0.833 0.861
Test 0.720 0.647 0.520 0.591 0.520 0.769

Abbreviations: AdaBoost, adaptive boosting; KNN, k-nearest neighbor; XGBoost, extreme gradient boosting; LightGBM, light
gradient boosting machine; CatBoost, categorical boosting.
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Figure 4. Feature importance for predicting prolonged hospitalization
based on SHAP analysis. A. Global feature importance of the eleven hema-
tologic and inflammatory markers for the AdaBoost prolonged hospitaliza-
tion prediction model. B. The SHAP beeswarm plot shows the effect of each
feature on the AdaBoost prolonged hospitalization prediction model. C. Wa-
terfall plot demonstrates the impact of specific hematologic and inflamma-
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Feature value

High

Low

influential predictors of the
AdaBoost model (Figure 4A,
4B). Higher RDW-SD and MCV
increased predicted risk, while
lower PLT and RBC were associ-
ated with higher risk.

The SHAP waterfall plot showed
individual prediction patterns.
Patients with low RBC count,
Hb, and PLT levels together
with elevated inflammatory in-
dices such as MLR, NMLR, and
SIRI showed higher predicted
probability of extended hospi-
tal stay (predicted risk = 0.52
vs baseline 0.42) (Figure 4C).
These features matched the
biological mechanisms of DC,
where anemia, systemic inflam-
mation, and impaired hemato-
poiesis reflect advanced dis-
ease severity and organ dys-
function.

Feature interpretation show-
ed that the AdaBoost model
identified meaningful relation-
ships between hematologic ab-
normalities, inflammation, and
prolonged hospitalization. This
interpretable model supports
the use of hematologic and in-
flammatory markers as nonin-
vasive predictors of hospital-
ization burden in DC.

Discussion

In this single-center Chinese
cohort of patients with DC, rou-
tine hematologic and inflamma-
tory indices abnormalities were
strongly associated with pro-
longed hospitalization. Patien-
ts with hospital stay = 7 days
exhibited more severe anemia
(lower Hb, HCT, RBC count) and
thrombocytopenia, and elevat-
ed markers of systemic inflam-
mation (e.g. higher RDW and
MLR) compared to those dis-
charged within one week. Red-
uced oxygen-carrying capaci-
ty and increased inflammatory
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burden reflected more advanced cirrhosis and
were associated with slower recovery and lon-
ger hospitalization. RBC count and Hb showed
nonlinear threshold relationships with hospital
stay. When RBC count fell below ~5.2 x 10*2/L,
the risk of prolonged hospitalization rose sharp-
ly. While values above these level showed lim-
ited additional benefit. Using eleven such he-
matologic/inflammatory parameters, we devel-
oped a machine learning model (AdaBoost)
that achieved modest but significant discrimi-
nation of patients at risk for longer admission
(test-set AUC ~0.72, sensitivity 72%, specificity
58%). SHAP analysis confirmed that features
reflecting red cell abnormalities and innate
immune activation (including RDW-SD, PLT,
MCYV, and RBC, etc.) were the dominant contrib-
utors to prediction. Anemia, disordered hema-
topoiesis, and systemic inflammation are close-
ly related to disease progression and hospital-
ization burden in DC.

Our observations align with and extend prior
evidence on the prognostic significance of he-
matologic derangements in cirrhosis. Anemia is
exceedingly common in advanced liver disease
- affecting over half of patients with decompen-
sation [15] - due to multifactorial causes such
as portal hypertensive hypersplenism, nutri-
tional deficiencies, bone marrow suppression,
and gastrointestinal blood loss [15, 16]. Corre-
spondingly, anemia has been linked to worse
clinical outcomes. For example, Paternostro et
al. reported that anemia (Hb < 12 g/dL) was
present in ~62% of decompensated cirrhotics
(versus 19% of compensated) and indepen-
dently predicted a higher risk of hepatic decom-
pensation events and mortality during follow-
up [15]. Ren et al. recently demonstrated in
a large Chinese multi-center study that seve-
re anemia (Hb < 8 g/dL) was associated with
a ~1.6-fold increased hazard of 90-day and
1-year mortality in hospitalized cirrhotic pa-
tients [11]. Our data build on these reports by
focusing on LOS as an outcome: we found even
moderate anemia correlated with prolonged
hospitalization, and that maintaining Hb above
~117 g/L was associated with shorter stays.
The Hb threshold of about 11.7 g/dL is of clini-
cal significance. This value is higher than the 7
g/dL transfusion threshold used in acute vari-
ceal bleeding, where restrictive transfusion
improved survival [17]. Hemoglobin that re-
mains mildly low outside acute bleeding may
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slow recovery in cirrhosis patients. Anemia in
patients with cirrhosis will aggravate fatigue
and weakness, reduce liver and kidney perfu-
sion, and damage wound healing or tissue
regeneration. These changes may prolong hos-
pitalization. Previous studies have shown that
low hemoglobin at discharge are associated
with a high rate of re-hospitalization within 30
days in cirrhosis patients. This indicates ane-
mia is a modifiable risk factor for post-hospital
outcomes [18]. Maintaining adequate oxygen-
carrying capacity through appropriate transfu-
sion or hematinic treatment may promote ear-
lier recovery and discharge.

The association between inflammatory cell
indices and LOS was also clear. DC is now rec-
ognized as a state of systemic inflammation
and immune dysregulation [19, 20]. Bacte-
rial translocation from the gut and frequent
infections (spontaneous peritonitis, pneumo-
nia, etc.) can activate persistent inflammation
and lead to organ dysfunction such as kidney
injury and hepatic encephalopathy and can
aggravate portal hypertension [19]. Markers
such as the NLR have been shown to correlate
with cirrhosis severity and prognosis. A recent
meta-analysis of 27 studies found that elevat-
ed NLR independently predicts higher mortality
in end-stage liver disease and the association
was stronger in Asian patient cohorts [21]. NLR
showed no significant difference between short
and long hospitalization groups in our study.
WBC counts were often normal or reduced in
both groups and this pattern may relate to leu-
kopenia caused by hypersplenism. Patients
with prolonged hospitalization showed median
MLR values about 13% higher and SIRI values
about 20% higher than patients with shorter
stays (both P < 0.05). These indices reflected
the innate immune activation in advanced cir-
rhosis and indicated pro-inflammatory mono-
cytes/macrophages are over-represented rela-
tive to lymphocytes [19]. In support of this, prior
work has identified a low lymphocyte-to-mono-
cyte ratio (LMR, the inverse of MLR) as a poor
prognostic marker in cirrhosis. Qi et al. reported
that cirrhotic patients with HBV-related decom-
pensation and an LMR below ~2.0 had signifi-
cantly higher 30-day and 90-day mortality, and
LMR was an independent predictor of survival
in multivariate analysis [22]. Our results are
concordant in that a high monocyte count (and
high MLR) portended worse inpatient courses.
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Monocytes drive production of cytokines like
TNF-¢, IL-6, and IL-13, which can induce vasodi-
lation, hypotension, and further immune dys-
function (the so-called “cirrhosis-associated
immune syndrome”) [19]. This inflammatory mi-
lieu likely contributed to complications neces-
sitating longer hospitalization. It is worth noting
that one inflammation-based score that did not
differ significantly between our groups was the
Sl (Sll = platelet count x neutrophil count/lym-
phocyte count). While SlI has prognostic value
in some chronic liver disease contexts (e.g.
fatty liver disease and hepatocellular carcino-
ma), it may be less relevant in DC where plate-
let counts are often depressed. In our cohort,
median platelets were low in both short-stay
and long-stay patients (87 vs 72 x 10%/L). This
may reduce the ability of Sl to distinguish risk.
Thrombocytopenia is common in cirrhosis and
occurs in about 70-80% of compensated
patients [16]. Low platelet levels reflect portal
hypertension severity and reduced thrombopoi-
etin synthesis. Patients with longer hospitaliza-
tion showed lower platelet counts. Platelet lev-
els usually change slowly during admission and
recovery is uncommon without intervention.
Indices such as RDW and MLR reflect ongoing
physiological stress and may be more useful for
short-term risk stratification.

Elevated RDW was one of the strongest predic-
tors of prolonged stay in our analysis. This find-
ing is similar to previous studies in critical ill-
ness and liver disease. RDW reflects variation
in RBC size. It often elevates in nutritional ane-
mias (iron, vitamin B12, folate deficiencies) and
bone marrow dysfunction [23]. In cirrhosis,
RDW may rise due to iron-restricted erythropoi-
esis caused by chronic bleeding or anemia of
inflammation. Folate deficiency, especially in
alcohol-associated liver disease may also con-
tribute. High RDW has been associated with
increased mortality in acute DC. Turcato et al.
found that nonsurvivors had a significantly
higher RDW than survivors (median 17.4% vs
15.5%), and each 1% RDW increase conferred
~20% higher odds of 30-day mortality [24]. This
study corroborates RDW as a marker of poor
clinical trajectory. Patients hospitalized > 7
days had an RDW roughly 5% higher than those
with shorter admissions (50 vs 48 fL, P <
0.001). This likely indicates greater heteroge-
neity of the erythrocyte population due to defi-
cient erythropoiesis or hemolysis in the longer-
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stay group. RDW is also correlate with systemic
inflammatory markers (e.g. C-reactive protein
and IL-6) [25], linking it to the inflammation-
frailty axis in chronic disease. RDW can be
regarded as a marker of poor nutritional status,
chronic inflammation and bone marrow stress
and these conditions are linked to slower recov-
ery in cirrhosis. SHAP analysis of the AdaBoost
model showed that RDW especially RDW-SD
contributed most to prediction. RDW-CV is a
relative index because it is influenced by MCV
while RDW-SD measures the absolute distribu-
tion width of erythrocyte volume in fL. MCV is
often elevated in patients with cirrhosis. This
change is usually related to vitamin deficiency
or alcohol exposure. RDW-SD may better reflect
bone marrow stress and ineffective erythropoi-
esis. The model’s decision-making aligns with
clinical plausibility. Patients with high RDW,
MLR (monocytosis), and low Hb, HCT were clas-
sified as high risk. These features were com-
mon in patients with advanced decompensa-
tion. Patients with preserved hematocrit and
lower inflammatory ratios were usually predict-
ed as short-stay cases. These patients often
had more stable cirrhosis or responded faster
to therapy.

Routine hematologic and inflammatory mark-
ers provide significant prognostic information
for the hospital course of DC patients. Anemia,
especially elevated RDW and reduced Hb, RBC
count was independently associated with pro-
longed LOS and more severe disease. Syste-
mic inflammation such as high MLR, NMLR,
and SIRI also showed independent associa-
tions with longer LOS. Our machine learning
model based on these features showed moder-
ate ability to identify patients at risk for longer
hospital stay. The prediction pattern was con-
sistent with clinical observations. Combining
hematologic and inflammatory indicators with
traditional liver scores may help identify high-
risk cirrhotic patients early during admission.
This stratification could guide targeted clinical
management. Patients with high RDW may ben-
efit from nutritional supplementation including
iron and vitamin B12 and folate because ele-
vated RDW often reflects nutritional deficiency.
More liberal transfusion thresholds (e.g., main-
taining Hb > ~12 g/dL) may enhance tissue oxy-
genation and functional status. A high inflam-
matory burden may prompt a more diligent
search for subclinical infections and consi-

Am J Transl Res 2026;18(5):3816-3827



Predicting hospital stay in decompensated cirrhosis

der appropriate immunomodulatory strategies.
Clinical management of cirrhosis may improve
by addressing nutrition, anemia and infection
control at the same time.

This study has several limitations. It was a ret-
rospective analysis conducted in a single ter-
tiary center in China. Selection bias may exist
and may not fully apply to other populations
and healthcare settings. The predominant etiol-
ogy of cirrhosis in our cohort is likely related
viral hepatitis. While alcoholic and non-alcohol-
ic fatty liver disease are more prevalent in We-
stern countries. Differences in disease etiolo-
gy, patient demographics, and healthcare deliv-
ery systems may influence the predictive accu-
racy and clinical applicability in different re-
gions. The model was designed to assess pro-
longed hospitalization risk based on admission
parameters. Patients who developed complica-
tions such as infections or variceal bleeding
during hospitalization were not excluded. These
events are common in decompensated cirrho-
sis and substantially affect length of stay.
Future studies should validate our predictive
model in larger, multicenter cohorts to confirm
stability and applicability. Future models may
combine hematologic indices with established
clinical predictors such as MELD score, infec-
tion status and ascites severity to improve pre-
diction accuracy. This approach may improve
prediction accuracy. A more comprehensive
model may help clinicians identify high-risk pa-
tients earlier and support more efficient clinical
management.
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