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Abstract
BACKGROUND
For compensated advanced chronic liver disease (cACLD) patients, the first decompensation represents a dramatically worsening prognostic event. Based on the first decompensation event (DE), the transition to decompensated advanced chronic liver disease (dACLD) can occur through two modalities referred to as acute decompensation (AD) and non-AD (NAD), respectively. Clinically Significant Portal Hypertension (CSPH) is considered the strongest predictor of decompensation in these patients. However, due to its invasiveness and costs, CSPH is almost never evaluated in clinical practice. Therefore, recognizing non-invasively predicting tools still have more appeal across healthcare systems. The red cell distribution width to platelet ratio (RPR) has been reported to be an indicator of hepatic fibrosis in Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD). However, its predictive role for the decompensation has never been explored.

AIM
In this observational study, we investigated the clinical usage of RPR in predicting DEs in MASLD-related cACLD patients.

METHODS
Fourty controls and 150 MASLD-cACLD patients were consecutively enrolled and followed up (FUP) semiannually for 3 years. At baseline, biochemical, clinical, and Liver Stiffness Measurement (LSM), Child-Pugh (CP), Model for End-Stage Liver Disease (MELD), aspartate aminotransferase/platelet count ratio index (APRI), Fibrosis-4 (FIB-4), Albumin-Bilirubin (ALBI), ALBI-FIB-4, and RPR were collected. During FUP, DEs (timing and modalities) were recorded. CSPH was assessed at the baseline and on DE occurrence according to the available Clinical Practice Guidelines.

RESULTS
Of 150 MASLD-related cACLD patients, 43 (28.6%) progressed to dACLD at a median time of 28.9 months (29 NAD and 14 AD). Baseline RPR values were significantly higher in cACLD in comparison to controls, as well as MELD, CP, APRI, FIB-4, ALBI, ALBI-FIB-4, and LSM in dACLD-progressing compared to cACLD individuals [all P < 0.0001, except for FIB-4 (P: 0.007) and ALBI (P: 0.011)]. Receiving operator curve analysis revealed RPR > 0.472 and > 0.894 as the best cut-offs in the prediction respectively of 3-year first DE, as well as its superiority compared to the other non-invasive tools examined. RPR (P: 0.02) and the presence of baseline-CSPH (P: 0.04) were significantly and independently associated with the DE. Patients presenting baseline-CSPH and RPR > 0.472 showed higher risk of decompensation (P: 0.0023).

CONCLUSION
Altogether these findings suggest the RPR as a valid and potentially applicable non-invasive tool in the prediction of timing and modalities of decompensation in MASLD-related cACLD patients.
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Core Tip: The availability of non-invasive tools predicting the first decompensation event (DE) in Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD)-related compensated advanced chronic liver disease (cACLD) context is still demanded. Red cell distribution width to platelet ratio (RPR) has been shown to predict fibrosis in MASLD. Herein, we demonstrate that: (1) RPR predicts the first DE in MASLD-cACLD; (2) RPR predicts acute decompensation as the first DE in these patients; and (3) Patients presenting baseline Clinically Significant Portal Hypertension and RPR > 0.472 show higher risk of 3-year decompensation occurrence. Overall, RPR predicts time and modalities of DE in MASLD-related-ACLD patients, presenting the potential to be a valuable, easy-to perform, non-invasive clinical index.

INTRODUCTION
In the last decade, the progressive development of tools non-invasively assessing the degree of hepatic fibrosis in patients with chronic liver diseases (CLDs) has allowed the identification of cirrhosis at the earlier and asymptomatic stage of compensated advanced CLD (cACLD), revolutionizing the clinical management and conditioning the therapeutic interventions potentially impacting on prognosis[1,2].
For cACLD patients, the transition to decompensated advanced CLD (dACLD), represents a dramatic prognosis-affecting event as the liver-related mortality occurring almost exclusively after this watershed episode[3]. Based on the first decompensation event (DE), the transition to dACLD can occur through two modalities with relatively different long-term consequences: The more prognostically burdensome acute decompensation (AD); the more progressive non-AD (NAD)[4].
Metabolic dysfunction-associated Steatotic Liver Disease (MASLD), encompassing a spectrum of disease manifestations ranging from simple steatosis to steatohepatitis (MASH) and advanced fibrosis (AF), represents the most common cause of liver cirrhosis worldwide with a severe healthy and socioeconomic burden[5,6]. To make matters worse, recent evidence indicates that MAFLD/MASH-related cACLD may progress more rapidly than other etiologies and a relatively earlier decompensation has been reported in these patients[7,8]. Therefore, determining the probability of decompensation, as well as identifying individuals requiring intensive monitoring and timely interventions, appears paramount research challenge.
Clinically significant portal hypertension (CSPH) defined by a Hepatic Venous Pressure Gradient (HVPG) value  0 mmHg has been revealed as the strongest predictor of decompensation in several CLDs etiologies, including MASH[9]. However, HVPG measurement is a nuanced, not-routinely performed procedure with a highly operator-dependent accuracy. Transient Elastography (TE)-assessed Liver Stiffness Measurement (LSM), Fibrosis-4 (FIB-4), Albumin-Bilirubin (ALBI), ALBI-FIB-4, aspartate aminotransferase (AST)/platelet (PLT) count ratio Index (APRI), Child-Pugh (CP) score, and Model for End-Stage Liver Disease (MELD), have been investigated as models non-invasively predicting decompensation[10-15]. Despite the encouraging results suggested by these findings, the development of prognostic tools including not-exclusively specialist parameters would have more appeal across healthcare systems.
Red cell distribution width (RDW) is a routinely assessed haematochemical parameter providing an analytical measure of the variability [Standard Deviation (RDW-SD) and Coefficient Variation (RDW-CV)] in the size of circulating erythrocytes whose applicability as an independent prognosis marker in cardiovascular, renal, and infectious conditions has been largely demonstrated[16]. In hepatic chronic disorders, regardless of the etiology, the perpetuation of liver injury promotes reactive oxygen species release and decreased antioxidant compounds production, determining a systemic oxidative stress imbalance and low-grade inflammation status leading to bone-marrow suppression, reduced erythropoietin functioning, and thus irregular/immature erythrocytes output[17]. In line with this, elevated RDW values have been evidenced in patients affected by viral-related and non-viral-related CLDs[17], and several findings have highlighted its usefulness as a prognostic index in CLDs of different etiologies[18,19]. However, the potential link with decompensation occurrence in cACLD individuals has never been investigated. In long-lasting CLDs, the portal hypertension-related pancytopenia determining, among the other consequences, chronic anemia, and low platelet count, has constituted the pathophysiological rationale to reveal the role of RDW-to-PLT ratio (RPR) as an RDW-derivative non-invasively predicting hepatic AF[20]. In MASLD patients, RPR has been recently shown to reflect the severity of fibrosis, correlate with main non-invasive liver-fibrosis scoring systems, and accurately predict AF[21,22]. However, the role of RPR in the prediction of decompensation in terms of timing and relative modalities (AD or NAD) in MASLD-related cACLD patients has never been explored and, the availability of tools that accurately non-invasively predict and stratify the risk of decompensation still represents an unmet need.
In this study, by focusing on MASLD-related etiology, we aimed to evaluate the accuracy of the RPR in the prediction of 3-year first DE occurrence and relative modalities (NAD or AD) in cACLD patients.

MATERIALS AND METHODS
Experimental design
In this observational study, we consecutively enrolled patients affected by MASLD-related cACLD and a group of healthy controls. TE was adopted to non-invasively assess LSM and analytically define cACLD. The Alcohol Use Disorders Identification Test questionnaire was used to assess alcohol consumption, to exclude from the enrollment patients potentially affected by alcoholic liver disease.
As detailed below, at the enrollment, anthropometrical and clinical data were collected. Further, a 10 mL venous blood sample was collected to assess the biochemical parameters. Finally, at the baseline, MASLD-related cACLD individuals received a non-invasive evaluation of the hepatic disease severity and liver function status by computing RPR, APRI, FIB-4, ALBI, ALBI-FIB-4, MELD, and CP scores. Patients were semiannually followed up (FUP) over 3 years to record the occurrence of the first DE and the relative modalities by recognizing, according to D’Amico et al[4], two distinct modalities of decompensation: NAD and AD[4]. Liver-related events (LREs) defining decompensation, as well as NAD- and AD-specific features are detailed below.
CSPH and RPR were assessed at baseline and when the first DE occurred by using evaluation methods reported in detail in the dedicated subparagraph.
The experimental design is reported in Figure 1.
The estimation of the accuracy of the RPR in the prediction of 3-year first DE occurrence in comparison to the currently available non-invasive composite tools (APRI, FIB-4, ALBI, ALBI-FIB-4, MELD, and LSM) represented the primary study outcome.
The estimation of the accuracy of the RPR in the prediction of AD (3-year first DE) occurrence in comparison to the currently available non-invasive composite tools (APRI, FIB-4, ALBI, ALBI-FIB-4, MELD, and LSM), as well as the investigation of the relationship between RPR and baseline-CSPH with a consensual risk-stratification on DE occurrence, were the secondary study outcomes.

Patients
This study is in compliance with the Declaration of Helsinki (1975) and has been approved by the ethical committee of the University of Campania Luigi Vanvitelli in Naples (prot. n. 417/2018).
In the present study (Figure 1), after signing the informed consent, we consecutively enrolled healthy subjects as the control group and patients affected by MASLD-related cACLD. Liver Transient Elastography criteria were adopted to determine cACLD according to the Baveno VI consensus: LSM values  15 kPa defined cACLD[23]. MASLD diagnostic criteria were: (1) overweight or obesity, defined as body mass index (BMI) > 25 kg/m2; (2) presence of type 2 diabetes mellitus (T2DM) and/or (3) presence of ≥ one metabolic risk abnormalities identified by waist circumference ≥ 102 cm in men (and ≥ 88 cm in women); blood pressure ≥ 130/85 mmHg (or specific drug treatment); plasma triglycerides (TG) ≥150 mg/dL (or specific drug treatment); plasma high-density lipoprotein (HDL) cholesterol < 40 mg/dL for men (and < 50 mg/dL for women) (or specific drug treatment); prediabetes [fasting plasma glucose (FPG) levels 100-125 mg/Dl] or 2-h post-load glucose levels 140-199 mg/dL or glycated hemoglobin 5.7%-6.4%; homeostasis model assessment for insulin resistance (HOMA-IR) score ≥ 2.5[6]. The enrollment was carried out at the Hepato-Gastroenterology Division of the University of Campania Luigi Vanvitelli between January and November 2019. Inclusion criteria were age between 18 and 80 years and MASLD-related cACLD diagnosis. Exclusion criteria were the presence of hematological disorders (particularly, autoimmune hemolytic anemia, myelodysplastic syndrome, b-thalassemia, sickle cell anemia); chronic inflammatory diseases, acute or chronic kidney diseases, rheumatoid arthritis, systemic lupus erythematosus, autoimmune gastritis or other major systemic inflammatory diseases or tumors; ongoing infections; alcohol or drug abuse history; other etiologies of chronic liver damage; previous hepatocellular carcinoma diagnosis; ongoing chemotherapy, use of hepatoprotective drugs; decompensated liver cirrhosis (CP C) at the moment of the enrollment or in the previous 12 months, and psychological/psychiatric problems that could have invalidated the informed consent. At baseline, anthropometrical parameters collection included the determination of BMI by dividing the weight by the square of height (kg/m2), and directly measured waist-to-hip ratio, systolic (mmHg), and diastolic blood pressure (mmHg). Clinical evaluation included the complete medical history collection and the assessment of alcohol consumption, smoking, drug abuse, comorbidities, and the concomitant therapies record [including Non-Selective Beta Blockers (i.e., propranolol and carvedilol), whose administration was assessed also semiannually, during the follow-up medical examinations; Supplementary Table 1]. All the enrolled patients have undergone a 10 mL venous blood sample collection for the lab assessments. MASLD-cACLD-related patients were FUP every six months for 3 years and the occurrence of the first DE [time and modalities (NAD/AD)] was recorded. On the first DE, for each patient, RPR and CSPH were also reassessed.

Biochemical assessment
The evaluated biochemical data were AST, alanine aminotransferase (ALT), total bilirubin (TB), PLT, plasma albumin, International Normalized Ratio (INR), total cholesterol, HDL cholesterol, Low-density lipoprotein cholesterol, TG, insulin, and FPG. Insulin levels were measured enzymatically using commercially available kits (R&D Systems, Minneapolis, MN), AST, ALT, and glucose using a colorimetric assay kit (Amplite 13801/13803 and Thermo Fisher Scientific EIAGLUC). The HOMA-IR was calculated by using the formula: fasting insulin (μU/mL) × FPG (mmol/L)/22.5[24].

RDW assessment
RDW was determined by using a suspension of blood cells passed through a small orifice along with an electric current of the Beckman Coulter analyzer (C11137 - DxI 9000 Analyzer, Beckman Coulter, Inc©). The individual blood element generates an impedance change in the orifice, which is directly proportional to the cell size. The system counts the individual cells and provides a size distribution. The RDW is then calculated at the 20% height level above the baseline of the Red Blood Cells histogram. In particular, the RDW-CV evaluates the volumetric distribution of red blood cells considering the coefficient of variation, while the RDW-SD defines the volumetric distribution concerning the standard deviation.

Non-invasive validated tools assessing hepatic fibrosis and liver function
MELD score, which determines prognosis and prioritizes receipt of liver transplantation, incorporates 3 widely available laboratory variables including the INR, serum creatinine, and serum bilirubin. MELD was given by the formula: [9.57 × log10 (creatinine) + 3.78 × log10 (TB) + 11.2 × log10 (INR) + 6.43][14].
CP was evaluated using five clinical and laboratory criteria: serum bilirubin (< 2 mg/dL: 1 point; 2-3 mg/dL: 2 points; > 3 mg/dL: 3 points), serum albumin (> 3.5 mg/dL: 1 point; 2.8-3.5 mg/dL: 2 points; < 2.8 mg/dL: 3 points), ascites (none: 1 point; grade 1-2: 2 points; grade 3: 3 points), and HE (none: 1 point; grade 1-2: 2 points; grade 3-4: 3 points)[25]. CP scoring system, broke down patients into three classes: CPA - good hepatic function (CP total range: 5-6), CPB - moderately impaired hepatic function (CP total range: 8-9), and CPC- advanced hepatic dysfunction (CP total range: 10-15)[25].
APRI was calculated by using the following validated formula: [(AST/upper limit of the normal AST range) + 100]/PLT count (103/mL)[26].
The ALBI score was calculated as [-0.085 × (albumin g/L) + 0.66 × log10 (TB mmol/L)][27]. FIB-4 score, a non-invasive estimation of liver scarring, was calculated by using the originally described formula[28]: Age × AST/PLT count (103/mL) × ALT½. FIB-4 categories were: (1) Low risk for AF (< 1.45); (2) high risk for AF (> 3.25); or (3) indeterminate (1.45-3.25)[28].
The combined score ALBI-FIB-4 stratified patients as follows: I group of risk (ALBI  -2.60 and FIB-4  3.25); II group of risk (ALBI  -2.60 and FIB-4  3.25); III group of risk (ALBI  -2.60 and FIB-4  3.25); IV group of risk (ALBI  -2.60 and FIB-4  3.25)[29].
RPR was determined by using the formula: RDW-SD/PLT count (103/ mL)  1000.

LSM
LSM was performed by using FibroScan® [version 502 (Echosens, Paris, France)] with M and XL probes[30]. We decided to use the XL probe when the ultrasound measured distance between the skin and the liver capsule resulted in greater than 2.5 cm and/or when the patient's BMI was > 30. FibroScan® was performed by an expert physician obtaining 10 acceptable measurements (defined as successful LSM), with the maximum number of attempts set at 20.
The criteria proposed by Boursier et al[30] were used to consider the measurement “very reliable” (IQR/M ≤ 0:1), “reliable” (0:1 < IQR/M ≤ 0:3 or IQR/M > 0:3 with LS median < 7:1 kilopascal), or “poorly reliable” (IQR/M > 0:3 with LS median ≥ 7:1 kPa[30,31].

LREs defining AD and NAD
LREs were ascites formation, hepatic encephalopathy (HE), jaundice, acute bacterial infections, and acute gastrointestinal bleeding. The onset of one (or more) LREs in cACLD patients defined the decompensation and thus the transition to dACLD. According to D’Amico et al[4], two distinct modalities of transition to decompensation were considered: (1) NAD was defined by slow/ grade 1 ascites formation, mild (grade 1 or 2) HE, or progressive jaundice in non-cholestatic cirrhosis; (2) AD was defined by grade 2/3 ascites within less than 2 wk, severe acute (i.e., in patients with previous normal consciousness) HE, acute gastrointestinal bleeding, and any type of acute bacterial infection.

Evaluation and definition of CSPH
According to Baveno VI Criteria, for Esophagogastroduodenoscopy-(EGDS)-naïve patients, presenting baseline LSM values > 20 kPa and/or a PLT count < 150.000/mm3 a screening EGDS was performed, while EGDS-not naive patients continued their regular surveillance endoscopy programs, according to the Clinical Practice Guidelines[23]. In all the cases, at the baseline, an EGDS proving esophageal varices defined CSPH. Baveno VII Criteria (CSPH-rule out if LSM ≤ 15 kPa and PLT count ≥ 150.000/mm3, CSPH-rule in if LSM values  25 kPa)[32] were not available at the time of the enrollment and were exclusively used to reassess/confirm CSPH on the occasion of first DE occurrence, independently from the endoscopic surveillance programs for each patient (Figure 1).
Finally, the Japanese Research Society for Portal Hypertension Classification estimated the entity (F1; F2; F3) of varices[33].

Statistical analysis
Continuous data were described as mean and standard deviations, while categorical variables as n (%). The Kolmogorov-Smirnov test for normality was performed to evaluate if the parametric or non-parametric analysis should be applied. Mann-Whitney and t-test for independent groups, the Kruskal-Wallis test, or ANOVA test with posthoc Tukey analysis, in the case of non-normal or normal distribution respectively, were performed to compare the continuous variables. D% RPR [(RPR on the first DE - baseline RPR)/baseline RPR  100] and D% LSM [(LSM on the first DE - baseline LSM)/baseline LSM  100]} indicated RPR and LSM% variations during the study. Linear regression analysis was adopted to evaluate the relationship (R) between continuous variables. The area under the curve (AUC), estimated by receiving operator curve (ROC) analysis with the Youden index calculation for the identification of best cut-off values, integrally with the Chi-Square test for the sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV) evaluation, was performed to evaluate the accuracy of RPR in the prediction of 3-year first DE and in the prediction of AD occurrence, as well as to estimate the accuracy of the RPR in comparison to other non-invasive composite tools (APRI, FIB-4, ALBI, ALBI-FIB-4, MELD, CP, and LSM) in the prediction of both these outcomes. The adjusted odds ratio (OR) of the study variables on the just mentioned events was calculated considering the confounding variables (sex, age, BMI, diabetes, alcohol intake, the baseline/along the study administration of Non-Selective Beta Blockers) by using multinomial logistic regression models. Time-to-event analyses on DEs occurrence upper and under the RPR value ROC-analysis identified best cut-off was performed using the Kaplan-Meier method and the Log-rank test for the curve comparison considering a P value < 0.05 as statistically significant. Statistical significance was defined as P < 0.05 in a two-tailed test with a 95%CI. SPSS® vs. 18.0 was used to perform the analysis. The sample size was estimated by Logistic Regression analysis (p0: 0.15; p1: 0.23; alfa: 0.05; power: 0.8) testing whether the variable (RPR) is a significant predictor of the binary (0/1) outcome (y = decompensation) performed by using wp. logistic function of STATA18 for macOS software.

RESULTS
A total of 150 MASLD-related-cACLD patients and 40 healthy controls were consecutively enrolled in this study. The baseline demographic data, anthropometric indexes, biochemical parameters, and non-invasive tools for liver-functional status and hepatic fibrosis assessment (CP, MELD, LSM, FIB-4, APRI, RPR, ALBI, and ALBI-FIB-4) are reported in Tables 1-4. The baseline prevalence of T2DM, primary hypertension, and dyslipidemia in the MASLD patients was respectively 54.6% (n = 82), 50.6% (n = 76), and 32 % (n = 48).

Prediction of decompensation
During a median follow-up of 36 (IQR: 35-36) months, 43 (28.6%) of 150 cACLD patients progressed to dACLD at a median time of 28.9 (95%CI: 27.20-32.80) months.
In 3 (21.4%) dACLD patients, community-acquired acute bacterial infections (2 Urinary Tract Infections and 1 Pneumonia) were recognized as the precipitants of decompensation configuring AD events. However, in 40 (93%) of the decompensating patients, no specific triggers could be identified. Overall survival following the first decompensation was 79.8% at 3 years. Detailed data about the first DE and relative modalities of decompensation (NAD vs AD) are described in the next subparagraph.
Tables 5-7 report the baseline demographic data, anthropometric indexes, and biochemical parameters, for remaining-cACLD and progressing-dACLD patients.
[bookmark: _Hlk155947044]Patients transiting to dACLD presented significantly higher baseline RPR values in comparison to controls and not-decompensating individuals (all P < 0.0001; Figure 2A), as well as MELD (P < 0.0001), CP (P < 0.0001), LSM (P < 0.0001), APRI (P < 0.0001), FIB-4 (P: 0.007), and ALBI (P: 0.011) baseline values were significantly increased in dACLD individuals compared to patients remaining compensated (Figure 2B).
[bookmark: _Hlk155947892]Linear regression analysis revealed the positive correlation between baseline RPR values and the others tools (CP: r = 0.74, 95%CI: 0.661- 0.807; MELD: r = 0.75, 95%CI: 0.679- 0.817; FIB-4: r = 0.66, 95%CI: 0.643-0.714; APRI: r = 0.88, 95%CI: 0.843-0.914; LSM: r = 0.94, 95%CI: 0.927-0.961; ALBI: r = 0.51, 95%CI: 0.491-0.564 ALBI-FIB-4: r = 0.74, 95%CI: 0.668-0.811; all P < 0.0001, except ALBI, P: 0.017; Figure 3).
ROC analysis with the Youden index calculation for the identification of best cut-off values revealed  0.472 as the RPR threshold (AUC: 0.95; sensitivity: 86.9%; specificity: 90.7%; NPV: 73.5%; PPV: 95.8%; P < 0.0001) in the prediction of 3-year first DE, as well as a superior RPR predictive accuracy compared to APRI (AUC: 0.88), FIB-4 (AUC: 0.72), MELD (AUC: 0.81), CP (AUC: 0.79), LSM (AUC: 0.88), ALBI (AUC: 0.90), and ALBI-FIB-4 (AUC: 0.93; all P < 0.0001; Figure 4; Table 8). The RPR predictive accuracy was not statistically significantly different between male and female patients (AUC male: 0.93 vs AUC female: 0.91; P: 0.071). For patients presenting baseline RPR values  0.472, the Kaplan-Meier Log-Rank Test analysis on the first DE occurrence revealed a significantly elevated risk of this event [hazard ratio (HR): 13.62, 95%CI: 7.11-15.8; P < 0.0001], as well as a different median time of decompensation and a higher incidence ratio rate (IRR) in comparison to individuals presenting a baseline RPR < 0.472 [RPR < 0.472 vs RPR >0.472; Median time of decompensation: 28.6 months vs 26.4 months (P < 0.0001); IRR: 8.24% vs 24.5% (P < 0.0001) (Figure 5)]. In patients progressing to the decompensation, the following variables were significantly associated with the first DE occurrence: Bilirubin (OR: 1.32; 95%CI: 1.09-1.47; P: 0.03), albumin (OR: 0.71; 95%CI: 0.45-0.80; P < 0.0001), RDW-SD (OR: 1.32; 95%CI: 0.98-1.41; P: 0.02), PLT (OR: 0.88; 95%CI: 0.78-0.93; P: 0.03), CP (OR: 1.88; 95%CI: 1.53-1.97; P: 0.03), MELD (OR: 1.51; 95%CI: 1.12-1.70; P: 0.02), LSM (OR: 1.87; 95%CI: 1.58-2.02; P: 0.04), ALBI (OR: 3.45; 95%CI: 3.02-3.67; P < 0.0001), ALBI-FIB-4 (OR: 2.90; 95%CI: 2.74-3.09; P < 0.0001), RPR (OR: 5.14; 95%CI: 4.98-5.3; P < 0.0001), and the presence of CSPH (defined by the evidence of esophageal varices) (OR: 4.31; 95%CI: 3.98-34.76; P < 0.0001; Supplementary Table 2).
The multinomial logistic regression analysis, performed by considering the confounding variables (sex, age, BMI, diabetes, alcohol intake, the baseline/along the study administration of Non-Selective Beta Blockers), revealed the RPR (adjusted OR: 1.91; 95%CI: 1.72-1.98; P: 0.002) and the presence of baseline-assessed CSPH (adjusted OR: 1.84; 95%CI: 1.72-1.91; P: 0.04) significantly and independently associated with the outcome (Supplementary Table 2 and Figure 6).

Prediction of AD
Of 43 cACLD patients progressing to dACLD, a first DE defining NAD and AD was respectively observed for 29 (NAD: 67.4 %) and 14 (AD: 32.5%) individuals. Tables 9-13 reports in detail the first DEs with the relative modalities for AD-decompensating and NAD-decompensating patients, as well as the relative baseline anthropometric indexes, biochemical parameters, and non-invasive tools for liver-functional status and hepatic fibrosis assessment (CP, MELD, LSM, FIB-4, APRI, ALBI, and RPR; Table 13). Consistently, AD-decompensating patients presented significantly higher baseline CP, MELD, APRI, LSM, ALBI, and RPR values in comparison to NAD-decompensating individuals (Table 13).
ROC analysis with the Youden index calculation for the identification of best cut-off values revealed > 0.894 as the RPR threshold (AUC: 0.94; sensitivity: 93.1%; specificity: 85.7%; NPV: 85.71%; PPV: 93.1%; P < 0.0001) in the prediction of AD as first DE, as well as superior RPR accuracy compared to APRI (AUC: 0.88), FIB-4 (AUC: 0.75), MELD (AUC: 0.73), CP (AUC: 0.82), LSM (AUC: 0.85), ALBI (AUC: 0.77), and ALBI-FIB-4 (AUC: 0.79; all P <0.0001; Figure 7 and Table 14). 
The multinomial logistic regression analysis, performed by considering the confounding variables (sex, age, BMI, diabetes, alcohol intake, the baseline/along the study administration of Non-Selective Beta Blockers), revealed the RPR baseline values (adjusted OR: 2.11; 95%CI: 1.72-2.22; P: 0.03), the presence of baseline-assessed CSPH (adjusted OR: 2.04; 95%CI: 1.92-2.11; P: 0.003), and the entity of varices (adjusted OR: 1.98; 95%CI: 1.79-2.06; P: 0.073) as the variables significantly and independently associated with the outcome (Supplementary Table 3).
Therefore, considering these relevant findings, individuals presenting baseline CSPH were considered as “high-risk of decompensation” patients and included in a further sub-analysis investigating the relationship between RPR, liver disease progression, CSPH, and decompensation.

RDW/PLT ratio, liver disease progression, portal hypertension, and risk of decompensation
Regarding RPR modifications and liver disease progression, a statistically significant positive correlation between D% RPR and D% LSM was highlighted (R: 0.84; 95%CI: 0.732-0.91; P < 0.000; Supplementary Figure 1). Concerning CSPH evaluation, of 150 patients, 71 (47.3%) underwent a screening EGDS [41 (57.7%) because of PLT-count-established Baveno VI criteria, 10 (14.1%) because of LSM-established Baveno VI Criteria, and 20 (28.2%) because of both criteria][23]. According to Baveno VII Criteria (32), CSPH was non-invasively assumable in 7 of 10 patients presenting LSM values  25 kPa; however, given the non-availability of these criteria at the time of the enrollment, an EGDS was performed. EGDS revealed the presence of varices in 52 (73%) of individuals (38: F1 varices; 14: F2 varices). Twenty of 150 cACLD individuals showed esophageal varices in anamnesis (14: F1 varices; 6: F2 varices). Hence, a total of 78 individuals (52%) were baseline-CSPH free and, of these, 12 (15.3%) progressed to decompensation; a total of 72 (48%) presented baseline-CSPH, and, of these, 21 (29.1%) progressed to decompensation [with 11 (37.9%) presenting AD as the first DE]. In a mirror way, the prevalence of baseline CSPH in decompensating patients was significantly higher in patients progressing to dACLD in comparison to individuals remaining compensated (P: 0.0001), and in AD-decompensating subjects in comparison to NAD-decompensating patients (P: 0.0035; Supplementary Figure 2). On the first DE, independently from the endoscopic surveillance programs, the Baveno VII CSPH-rule in criteria[32] were adopted and CSPH was assumable in 41 (95.3 %) of decompensating patients.
Regarding RPR and CSPH, baseline RPR values were significantly higher in patients presenting baseline CSPH compared to individuals without esophageal varices (P < 0.04), and the prevalence of baseline CSPH in decompensating patients was significantly higher in patients presenting RPR baseline values > 0.472 (the best cut-off; Supplementary Figure 3). Consistently, RPR baseline values progressively increased with the severity of esophageal varices (P < 0.0001), and a direct positive correlation between RPR and esophageal varices severity (no varices = 0; 1: F1; 2: F2) was also highlighted (P < 0.0001; R: 0.80; Supplementary Figure 4). Relevantly, individuals presenting baseline CSPH and RPR values > 0.472 showed a significantly elevated risk (HR: 3.10, 95%CI: 1.481-6.125; P: 0.0023) and IRR (57.5% vs 25%) of decompensation in comparison to baseline-CSPH individuals presenting lower RPR values supporting the following risk-stratification: (1) “High risk of decompensation” (baseline CSPH and RPR < 0.472); and (2) “very high-risk of decompensation” (baseline CSPH and RPR  0.472; Figure 8).

DISCUSSION
The irrepressible spreading of MASLD worldwide[5], in synergy with the evidence that MASLD/MASH-related cirrhosis may more rapidly progress to dACLD[7,8], remark the identification of tools predicting the decompensation in these patients as an absolute global priority. Up to now, in scientific literature, various emerging findings suggested the RPR as a predictor of severe fibrosis and cirrhosis in MASLD[21,22]. However, the link between RPR and liver decompensation in MASLD patients has never been investigated.
In the present observational study, we investigated the accuracy of RPR in the prediction of 3-year first DE occurrence in MASLD-related cACLD patients as a non-invasive tool stratifying the risk of decompensation in this setting. For this purpose, 40 controls and 150 MAFLD-cACLD patients were enrolled and followed semi-annually for 3 years. At baseline, MAFLD-cACLD individuals received a complete liver-disease status assessment including the determination of MELD, CP, APRI, ALBI, FIB-4, ALBI-FIB-4, LSM, and RPR; DE were subsequently recorded along the entire follow-up.
As expected, RPR values were shown significantly higher (P < 0.0001) in ACLD patients in comparison to healthy controls. Moreover, RPR and the baseline values of all the other non-invasive tools appeared significantly (all P < 0.0001, except for FIB-4, P: 0.007 and ALBI, P: 0.011) increased in patients progressing to decompensation in comparison to subjects who completed the follow-up remaining compensated. In line with these findings, a direct positive linear relationship between baseline RPR values and the other non-invasive tools was also highlighted and, consistently with the pre-existing evidence exploring predominantly the RPR role in the prediction of hepatic fibrosis[21], the correlation between RPR and LSM emerged as the most strict (R: 0.94). However, in comparison to all the other non-invasive tools (MELD, CP, APRI, ALBI, FIB-4, ALBI-FIB-4, and LSM), ROC analysis with the Youden index calculation evidenced a significantly higher accuracy [AUC: 0.95; P < 0.0001] of RPR in the prediction of 3-year first DE occurrence, without statistically significant differences between male and female MASLD individuals. RPR optimal cut-off (≥ 0.472) was also highlighted, as well as the relatively excellent prognostic performance suggested by very high levels of sensitivity (86.9%), specificity (90.7%), and an elevated (95.8%) PPV of decompensation.
Relevantly, patients presenting baseline RPR values > 0.472 showed an elevated risk (HR: 13.62) of decompensation at 3 years (median time of decompensation of 26.4 months), with an IRR for first DE occurrence significantly higher in comparison to individuals presenting baseline RPR values under the 0.472 threshold.
Emerging evidence has revealed that, according to the pattern of the first DE, the transition to dACLD can occur through two modalities with relatively different long-term repercussions: The prognostically burdensome AD; the progressive NAD[4]. Although AD has been reported as an event occurring more frequently in already decompensated patients, when representing the first DE, it may severely impact the prognosis[4]. Therefore, the prediction of AD was based on a solid rationale and not fueled by horror vacui, representing a concrete aim of our research. To the best of our knowledge, in fact, our study is the first to assess the accuracy of a tool in the prediction of AD in cACLD patients. Concerning this, we demonstrated that modalities (AD vs NAD) of the first decompensation can be predicted by using RPR: An RPR  0.894 was shown as the threshold more accurately predicting AD (PPV: 93.1%). Moreover, ROC analysis also revealed the superiority of RPR in comparison to the other non-invasive tools (MELD, CP, APRI, ALBI, FIB-4, ALBI-FIB-4, and LSM) in the prediction of this outcome.
Altogether these findings suggest the RPR is a valid and potentially applicable non-invasive tool in the prediction of timing and modalities of decompensation in MASLD-related cACLD patients.
The importance of predicting whether and how the patient affected by MASLD-related-cACLD will move to dACLD is related to various management aspects. First, decompensation constitutes a turning point in the natural history of ACLD, and an extremely relevant feature during the clinical course of cirrhosis, which should be managed as quickly and appropriately as possible, to improve the possibility of care; early detection of this transition phase would enable targeted therapeutic interventions, potential improving life expectancy, and improving their prognosis[34]. Secondly, it’s also essential to highlight that risk of death strongly increases when a patient shifts to dACLD: 9.7 times as high as the risk in the general population, and it’s double compared to cACLD subjects[35]. In these terms, the decompensation marks a significant worsening of patient prognosis from a median survival exceeding 12 years and a preserved quality of life in compensated patients to a median survival of 2-4 years in the decompensated stage with several socioeconomic and healthy repercussions: admission rate, hospital stay, and costs considerably increased in a stepwise manner after the first episode of AD[36]; hospitalizations for the dACLD increase by a third in the total healthcare costs compared to cACLD individuals[37].
A plethora of studies have tried to explain which could be the most accurate predictor of decompensation in these patients[9,38]. The strongest predictor of transition to dACLD is, for values of ≥ 10 mmHg, the HVPG, well-studied as a marker of CSPH. However, due to the limitations related to justifying invasive HVPG measurement and its expensive costs, it is almost never evaluated in daily clinical practice in most centers[9,39]. However, while if for patients with viral- and alcohol-related cirrhosis, HVPG measurement is the gold-standard method to determine the presence of CSPH, in MASLD/MASH individuals the question is still widely debated[32,38]. Moreover, in patients with MASH- related cirrhosis, although an HVPG  10 mmHg remains strongly associated with the presence of clinical signs of portal hypertension, these signs can also be present in a small proportion of patients with HVPG values < 10 mmHg[32,38]. For all these reasons, the identification of other tools in this setting of patients is an unmet need and the availability of a non-invasive, easy to use, and not expensive index able to accurately predict the risk of decompensation could represent a revolutionary MASLD-management clinical weapon. In this sense, RPR appears an extremely useful and easy-to-adopt solution, both for its low invasiveness and costs, as it can be calculated by routine values available in daily clinical practice.
Different research investigated the role of other non-invasive and routinely tools in the prediction of decompensation. Guha et al[12] in a recent study, also including patients with aetiologies other than MASLD, introduced a new model to predict the risk of decompensation in patients with compensated cirrhosis based on the combination of two (ALBI + FIB-4) previously identified scores: ALBI-FIB-4.
In our study, following the original ALBI-FIB-4 proposed group stratification, we compared the accuracy of RPR with ALBI-FIB-4 in the prediction of decompensation revealing a higher RPR performance in the prediction of this outcome (AUC: 0.95 vs AUC: 0.93). The NAFLD decompensation risk score (the Iowa Model) was recently developed to identify patients with MASLD at the highest risk of developing hepatic events using three variables-age, PLT count, and diabetes[15]. In a recent study including 249 MASLD patients, the AUC of the Iowa Model (0.88) was comparable to the FIB-4 (0.87) and higher than APRI (0.76)[15]. We herein decided to not perform a comparison RPR vs Iowa model, considering the new proposed MASLD diagnostic criteria[6] supporting the non-essential presence of diabetes to perform diagnosis, as many MASLD patients may present without this comorbidity. Rather, in our study, diabetes was included as a confounding variable in the multinomial logistic regression analysis.
The multinomial logistic regression analysis, performed by considering the confounding variables (sex, age, BMI, diabetes, alcohol intake, the administration of Non-Selective Beta Blockers), revealed besides the RPR, the baseline CSPH as a variable significantly associated with the outcomes (DE and AD). These findings constituted the primum movens to perform a sub-analysis investigating the relationship between RPR, liver disease progression, CSPH, and decompensation in our study. Consistently with the chronic nature of MASLD disorder, a significant positive correlation between RPR (DRPR) and LSM (DLSM) modifications was highlighted, suggesting RPR is dynamically influenced by the course of the hepatic disease.
The inclusion of CSPH assessment represented a crucial strength of our research: In fact, none of the other previously mentioned evidence reported the proportion of patients with varices, making uncertain whether patients were comparable regarding their likelihood of having CSPH and, therefore, of decompensating. In our study, baseline RPR values were significantly higher in patients with baseline CSPH (P < 0.04) and positively correlated with esophageal varices severity (P < 0.0001). The prevalence of baseline CSPH in decompensating patients was significantly higher in patients presenting RPR baseline values  0.472. Relevantly, individuals presenting baseline CSPH and RPR values  0.472 showed a significantly elevated risk (HR: 3.10, P: 0.0023) of decompensation in comparison to baseline-CSPH individuals presenting lower RPR values supporting the following risk-stratification: (1) “high risk of decompensation” (baseline CSPH and RPR < 0.472); and (2) “very high-risk of decompensation” (baseline CSPH and RPR  0.472). Considering the discrepant modalities of CSPH definition between baseline (EGDS-evidence of esophageal varices) and on first DE occurrence (CSPH assumption according to Baveno VII criteria) with a not-negligible number (61%) of patients avoiding/not undergoing surveillance endoscopy (i.e., repetition, during the 3-years follow-up, of a new EGDS for patients presenting baseline CSPH) also due to SARS CoV2 pandemic-related logistic difficulties, the not-availability of HVPG data, and, even more relevant, the limited sample size of the sub-analysis, the RPR baseline accuracy in the prediction of baseline CSPH and CSPH development along the observational period did not represent an aim of our study and was herein not investigated. The PREDESCI trial evidenced the role of non-selective beta-blockers in the prevention of decompensation in patients with CSPH[40]. Considering this, after the inclusion of the administration of propranolol and carvedilol (recorded at the baseline and on every semiannual follow-up visit) in the logistic regression model, no influence on our predictive results was highlighted.
Our study presents some limitations. First, it is based on a single-center cohort of patients, so further prospective studies at multiple centers are required to validate the clinical use of RPR in validation cohorts. Second, our population, even if a representative MASLD cohort, could represent a relatively small sample size. Finally, the accuracy of RPR was not compared with HVPG; unfortunately, in fact, the SARS CoV2 Lock-down negatively limited the availability of this tool in our center during the pandemic and we were able to collect HVPG data for a very restricted number of the enrolled patients.
As a final consideration, in the wake of our results and looking ahead to future scenarios, considering the elevated high risk of major cardiovascular events occurrence in MASLD patients[41], and the RDW well-consolidated association with cardiovascular diseases-related complications[42], it appears also reasonable to hypothesize the designation of studies investigating the potential relationship between the RPR and risk of cardiovascular acute events in MASLD individuals. The developing of tools simultaneously identifying MASLD subjects at higher risk of hepatic decompensation and acute cardiovascular events occurrence would represent a cornerstone element in the prognostic tailored management of these patients.

CONCLUSION
In the era of Precision Medicine, the development of tools non-invasively predicting decompensation in cACLD patients represents an unmet need and appears a paramount challenge for the hepatological research. Our study suggests RPR accurately predicts the time and modalities of decompensation in MASLD-related-ACLD patients, presenting the potential to be a valuable, easy-to perform, non-invasive clinical index.

ARTICLE HIGHLIGHTS
Research background
In clinical practice, the availability of non-invasive tools predicting the first decompensation event (DE) in Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD)-related compensated advanced chronic liver disease (cACLD) context is still an unmet need.

Research motivation
Red cell distribution width to platelet ratio (RPR) has been recently shown to predict fibrosis in MASLD patients; however, its role in predicting DE has never been explored.

Research objectives
Herein, we investigated the clinical usage of RPR in predicting DEs in MASLD-related cACLD patients.

Research methods
MASLD-cACLD patients were consecutively enrolled and followed up for 3 years. Biochemical, clinical, and Liver Stiffness Measurement were collected.

Research results
RPR accurately predicts [area under the curve (AUC): 0.94; best cut-off  0.472) the first DE in MASLD-cACLD. RPR accurately predicts acute decompensation (AD; AUC: 0.94; best cut-off  0.894) as the first DE in these patients. Patients presenting baseline clinically significant portal hypertension and RPR  0.472 show higher risk (hazard ratio: 3.10) of 3-year decompensation occurrence.

Research conclusions
Altogether these findings suggest RPR as a valid and potentially applicable non-invasive tool in the prediction of decompensation in MASLD-related cACLD patients.

Research perspectives
The potential availability of RPR as non-invasive, not expensive, and routinely assessable tool in the prediction of timing and modalities of decompensation in MASLD-cACLD patients could remodel the management of these patients.
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[bookmark: _Hlk155885386]Figure 1 Experimental design. Clinically Significant Portal Hypertension Rule-in Liver Stiffness Measurement > 25 kPa. 1Baveno VI criteria; 2Baveno VII criteria. AD: Acute decompensation; NAD: Non-acute decompensation; LSM: Liver Stiffness Measurement; CSPH: Clinically Significant Portal Hypertension; MASLD: Metabolic Dysfunction-Associated Steatotic Liver Disease; cACLD: Compensated advanced chronic liver disease; BMI: Body mass index; Whr: Waist-to-hip ratio; SBP: Systolic; DBP: Diastolic blood pressure; CP: Child-Pugh; MELD: Model for End-Stage Liver Disease; APRI: Aspartate aminotransferase/platelet count ratio index; ALBI: Albumin-Bilirubin; FIB-4: Fibrosis-4; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International Normalized Ratio; PLT: Platelet; RDW: Red cell distribution width; FPG: Fasting plasma glucose; HOMA-IR: Homeostasis model assessment for insulin resistance; LDL: Low-density lipoprotein; HDL: High-density lipoprotein.
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Figure 2 Comparison of red cell distribution width/platelet ratio and other non-invasive tools baseline values between compensated individuals and patients progressing to decompensation during the follow-up period. A and B: Cell distribution width/platelet ratio (A), other non-invasive tools (B). LSM: Liver Stiffness Measurement; CSPH: Clinically Significant Portal Hypertension; cACLD: Compensated advanced chronic liver disease; dACLD: Decompensated advanced chronic liver disease; MELD: Model for End-Stage Liver Disease; APRI: Aspartate aminotransferase/platelet count ratio index; ALBI: Albumin-Bilirubin; FIB-4: Fibrosis-4.
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Figure 3 Relationship between baseline red cell distribution width/platelet ratio values and validated tools non-invasively assessing liver-function status and hepatic fibrosis. A, B, C, E, F, G and H: Linear regression of red cell distribution width to platelet ratio (RPR) and Model for End-Stage Liver Disease (A); RPR and Child-Push score (B); RPR and aspartate aminotransferase/platelet count ratio index (C); RPR and Liver Stiffness Measurement (E); RPR and Fibrosis-4 (FIB-4; F); RPR and Albumin-Bilirubin (ALBI; G); RPR and ALBI/FIB-4 (H). D: Heat map of R values revealed of to the linear regression analysis between baseline RPR others tools reported in panel A, B, C, E, F, G, H. LSM: Liver Stiffness Measurement; ALBI: Albumin-Bilirubin; FIB-4: Fibrosis-4; APRI: Aspartate aminotransferase/platelet count ratio index; MELD: Model for End-Stage Liver Disease; RPR: Red cell distribution width to platelet ratio.
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Figure 4 3-year decompensation predictive accuracy of red cell distribution width/platelet ratio and comparison with other non-invasive tools. A: Accuracy of baseline red cell distribution width to platelet ratio in predicting 3-years decompensation; B: Comparison with other non-invasive tools. ALBI: Albumin-Bilirubin; FIB-4: Fibrosis-4; APRI: Aspartate aminotransferase/platelet count ratio index; MELD: Model for End-Stage Liver Disease; RPR: Red cell distribution width to platelet ratio; AUC: Area under the curve.
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Figure 5 The first decompensation event’s occurrence risk according to the baseline red cell distribution width/platelet ratio values. RPR: Red cell distribution width to platelet ratio.
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Figure 6 Adjusted odds ratios for non-invasive tools on the first decompensation event’s occurrence. aP = 0.02. RPR: Red cell distribution width to platelet ratio; ALBI: Albumin-Bilirubin; FIB-4: Fibrosis-4; MELD: Model for End-Stage Liver Disease; LSM: Liver Stiffness Measurement; OR: Odds ratio.
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[bookmark: _Hlk155949502][bookmark: _Hlk155948839]Figure 7 3-year acute decompensation predictive accuracy of red cell distribution width/platelet ratio and comparison with other non-invasive tools. A: Red cell distribution width/platelet ratio; B: Comparison with other non-invasive tools. AD: Acute decompensation; NAD: Non-acute decompensation; ALBI: Albumin-Bilirubin; FIB-4: Fibrosis-4; APRI: Aspartate aminotransferase/platelet count ratio index; MELD: Model for End-Stage Liver Disease; RPR: Red cell distribution width to platelet ratio; AUC: Area under the curve.
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Figure 8 The first decompensation event’s occurrence risk according to the baseline red cell distribution width/platelet ratio values and the presence of Clinically Significant Portal Hypertension. RPR: Red cell distribution width to platelet ratio; CSPH: Clinically Significant Portal Hypertension; HR: Hazard ratio.

Table 1 Demographic data of the study population (baseline)
	[bookmark: _Hlk155953694]
	Healthy subjects (n = 40)
	cACLD patients (n = 150)
	P value

	Male [n (%)]
	23 (57.5)
	88 (58.7)
	NS1

	Female [n (%)]
	17 (42.5)
	62 (41.3)
	NS 1

	Age (mean ± SD)
	57.10 ± 17.03
	63.15 ± 11.45
	NS 2

	Child-Pugh Grade A [n (%)]
	NA
	107 (71.3%)
	/

	Child-Pugh Grade B [n (%)]
	NA
	43 (28.7%)
	/


1Chi-square test.
2Mann-Whitney U test.
Statistically significant differences (P < 0.05) are reported in bold. NA: Not-assessed (or not-appliable); NS: Not statistically significant; cACLD: Compensated advanced chronic liver disease.





Table 2 Anthropometric indexes of the study population (baseline)
	Variables (mean ± SD)
	Healthy subjects (n = 40)
	cACLD patients (n = 150)
	P value1

	BMI (kg/m2)
	24.97 ± 2.17
	32.61 ± 23.94
	< 0.0001

	WhR
	0.81 ± 0.05
	1.56 ± 3.02
	< 0.0001

	Systolic blood pressure (mm/Hg)
	115.3 ± 9.73
	130.7 ± 12.57
	< 0.0001

	Diastolic blood pressure (mm/Hg)
	74.67 ± 10.42
	87.33 ± 8.58
	0.003


1Mann-Whitney U test.
Statistically significant differences (P < 0.05) are reported in bold. BMI: Body mass index; WhR: Waist to hip ratio; cACLD: Compensated advanced chronic liver disease.

Table 3 Biochemical parameters of the study population (baseline)
	Variables (mean ± SD)
	Healthy subjects (n = 40)
	cACLD patients (n = 150)
	P value1

	AST (IU/L)
	31.30 ± 10.14
	48.74 ± 54.09
	< 0.0001

	ALT (IU/L)
	39.37 ± 17.57
	70.02 ± 15.05
	< 0.0001

	Bilirubin (µmol/L)
	15.98 ± 1.74
	25.86 ± 7.53
	< 0.0001

	PLT count (mm3)
	242.6 ± 42.76
	155.7 ± 61.56
	< 0.0001

	RDW-CV (%)
	14.40 ± 2.28
	21.04 ± 15.20
	< 0.0001

	RDW-SD (fL)
	40.19 ± 4.48
	56.27 ± 10.54
	< 0.0001

	Albumin (g/L)
	44.2 ± 0.29
	26.35 ± 8.48
	< 0.0001

	INR
	1.02 ± 0.38
	1.78 ± 1.11
	NS

	HOMA-IR
	1.77 ± 0.54
	3.15 ± 1.52
	< 0.0001

	Insulin (µu/mL)
	7.03 ± 1.52
	11.67 ± 3.259
	< 0.0001

	FPG (mg/dL)
	100.7 ± 9.35
	120.9 ± 17.48
	< 0.0001

	Total cholesterol (mg/dL)
	135.2 ± 42.07
	185.2 ± 44.12
	< 0.0001

	HDL (mg/dL)
	95.93 ± 27.29
	42.37 ± 9.92
	< 0.0001

	LDL (mg/dL)
	44.73 ± 9.67
	126.1 ± 39.78
	< 0.0001

	Tryglicerides (mg/dL)
	109.5 ± 32.14
	150.6 ± 63.39
	0.002

	Creatinine (mg/dL)
	0.97 ± 0.23
	1.48 ± 3.88
	0.03


1Mann-Whitney U test.
[bookmark: _Hlk155954590]Statistically significant differences (P < 0.05) are reported in bold. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PLT: Platelets count; CV: Coefficient Variation; RDW: Red-cell distribution width; INR: International normalized ratio; HOMA-IR: homeostasis model assessment for insulin resistance; NS: Not statistically significant; cACLD: Compensated advanced chronic liver disease.


Table 4 Non-invasive tools for liver disease severity assessment of the study population (baseline)
	Variables (mean ± SD)
	Healthy subjects (n = 40)
	cACLD patients (n = 150)
	P value

	LSM (kPa)
	NA
	19.67 ± 3.39
	/

	APRI
	NA
	1.75 ± 0.28
	/

	FIB-4
	NA
	3.11 ± 1.78
	/

	ALBI
	NA
	-2.378 ± 0.63
	/

	ALBI-FIB-4
	NA
	1.44 ± 0.99
	/

	Child-Pugh
	NA
	6.24 ± 1.23
	/

	MELD
	NA
	7.74 ± 2.69
	/

	RDW (fL)/PLT ratio
	0.17 ± 0.03
	0.458 ± 0.27
	/


LSM: Liver stiffness measurement; APRI: Aspartate aminotransferase/platelet count ratio index; MELD: Model for End-stage Liver Disease; FIB-4: Fibrosis-4; NA: Not-assessed (or not-appliable); cACLD: Compensated advanced chronic liver disease.



Table 5 Comparison of demographic data between patients remaining compensated and individuals progressing to decompensation during the follow-up period
	
	Patients remaining compensated (n = 107)
	Patients progressing to decompensation (n = 43)
	P value

	Male [n (%)]
	66 (61.7)
	22 (51.2)
	NS 1

	Female [n (%)]
	41 (38.3)
	21 (48.8)
	NS 1

	Age (mean ± SD)
	61.81 ± 10.99
	66.47 ± 12.01
	NS 2

	Child-Pugh Grade A [n (%)]
	78 (72.9)
	29 (67.5)
	NS 1

	Child-Pugh Grade B [n (%)]
	29 (27.1)
	14 (32.5)
	NS 1


1Chi-square test. 
2Mann-Whitney U test.
Statistically significant differences (P < 0.05) are reported in bold. NS: Not statistically significant.


Table 6 Comparison of anthropometric indexes between patients remaining compensated and individuals progressing to decompensation during the follow-up period
	Variables (mean ± SD)
	Patients remaining compensated (n = 107)
	Patients progressing to decompensation (n = 43)
	P value1

	BMI (kg/m2)
	33.58 ± 2.28
	30.18 ± 3.13
	NS

	WhR
	1.79 ± 0.83
	1.01 ± 0.13
	NS

	Systolic blood pressure (mm/Hg)
	130.5 ± 13.49
	131.2 ± 10.05
	NS

	Diastolic blood pressure (mm/Hg)
	87.85 ± 8.85
	86.05 ± 7.83
	NS


1Mann-Whitney U test.
Statistically significant differences (P < 0.05) are reported in bold. BMI: Body mass index; WhR: Waist to hip ratio. NS: Not statistically significant.













Table 7 Comparison of biochemical parameters between patients remaining compensated and individuals progressing to decompensation during the follow-up period
	Variables (mean ± SD)
	Patients remaining compensated (n = 107)
	Patients progressing to decompensation (n = 43)
	P value1

	AST (IU/L)
	29.28 ± 8.55
	32.50 ± 27.15
	NS

	ALT (IU/L)
	50.13 ± 17.5
	54.86 ± 31.4
	NS

	Bilirubin (µmol/L)
	23.64 ± 4.74
	32.97 ± 7.10
	NS

	PLT count (mm3)
	183 ± 48.77
	87.60 ± 28.15
	< 0.0001

	RDW-CV (%)
	15.66 ± 3.53
	34.41 ± 23.05
	< 0.0001

	RDW-SD (fL)
	53.05 ± 8.91
	64.30 ± 10.07
	< 0.0001

	Albumin (g/L)
	35.02 ± 7.41
	32.48 ± 1.54
	NS

	INR
	1.26 ± 0.36
	1.89 ± 0.27
	NS

	HOMA-IR
	2.94 ± 1.57
	3.66 ± 1.26
	NS

	Insulin (µu/mL)
	11.50 ± 3.36
	12.09 ± 2.98
	NS

	FPG (mg/dL)
	121 ± 18.09
	120.9 ± 16.07
	NS

	Total cholesterol (mg/dL)
	185.2 ± 39.71
	175.3 ± 54.09
	NS

	HDL (mg/dL)
	43.23 ± 9.82
	40.13 ± 9.97
	NS

	LDL (mg/dL)
	125.9 ± 37.9
	126.7 ± 44.51
	NS

	Tryglicerides (mg/dL)
	145.8 ± 53.29
	162.4 ± 82.99
	NS

	Creatinine (mg/dL)
	1.13 ± 0.91
	2.13 ± 1.07
	0.02


1Mann-Whitney U test.
Statistically significant differences (P < 0.05) are reported in bold. AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, PLT: Platelets count; CV: Coefficient variation; RDW: Red-cell distribution width; INR: International normalized ratio; HOMA-IR: homeostasis model assessment for insulin resistance; NS: Not statistically significant.

Table 8 Receiving operator curve features using cut-off values > 0.472 as the red-cell distribution width to platelet ratio threshold in the prediction of 3-year first decompensation event
	
	Value
	95%CI

	Relative risk1
	3.630
	2.416 to 5.842

	Reciprocal of relative risk
	0.2755
	0.1712 to 0.4140

	Sensitivity
	0.8692
	0.7923 to 0.9204

	Specificity
	0.9070
	0.7840 to 0.9632

	Positive predictive value
	0.9588
	0.8987 to 0.9838

	Negative predictive value
	0.7358
	0.6042 to 0.8356


1Koopman asymptotic score.

[bookmark: _Hlk155971475][bookmark: _Hlk155971705]Table 9 Type of first decompensation event of non-acute and acute decompensating patients
	Type of first decompensation event
	NAD-decompensating patients (n = 29)
	AD-decompensating patients (n = 14)

	(A) Slow/ grade 1 ascites formation [n (%)]
	14 (48.3)
	/

	(B) Mild (grade 1/2) hepatic encephalopathy [n (%)]
	6 (20.7)
	/

	(C) Jaundice in non-cholestatic cirrhosis [n (%)]
	9 (31)
	/

	A + B/A + C
	2/5
	

	(D) Grade 2/3 ascites within less than 2 wk [n (%)]
	/
	5 (35.7)

	(E) Severe acutea hepatic encephalopathy [n (%)]
	/
	4 (28.5)

	(F) Acute gastrointestinal bleeding [n (%)]
	/
	2 (14.3)

	(G) Acute bacterial infection
	/
	3 (21.5)


aIn patients with previous normal consciousness.
AD: Acute decompensation; NAD: Non-acute decompensation.


[bookmark: _Hlk156304658]Table 10 Demographic baseline data of non-acute and acute decompensating patients
	
	NAD-decompensating patients (n = 29)
	AD-decompensating patients (n = 14)
	P value

	Male [n (%)]
	16 (55.2)
	6 (42.9)
	NS 1

	Female [n (%)]
	13 (44.8)
	8 (57.1)
	NS 1

	Age (mean ± SD)
	64.79 ± 12.34
	69.93 ± 10.91
	NS 2

	Child-Pugh Grade A [n (%)]
	9 (31.1)
	3 (21.4)
	NS 1

	Child-Pugh Grade B [n (%)]
	20 (68.9)
	11 (78.6)
	NS 1


1Chi-square test.
2Mann-Whitney U test.
Statistically significant differences (P < 0.05) are reported in bold; NS: Not statistically significant; AD: Acute decompensation; NAD: Non-acute decompensation.

Table 11 Anthropometric indexes demographic baseline data of non-acute and acute decompensating patients
	Variables (mean ± SD)
	NAD-decompensating patients (n = 29)
	AD-decompensating patients (n = 14)
	P value1

	BMI (kg/m2)
	29.57 ± 3.17
	31.43 ± 2.72
	NS

	WhR
	0.99 ± 0.11
	1.05 ± 0.17
	NS

	Systolic blood pressure (mm/Hg)
	130.3 ± 9.81
	132.9 ± 10.59
	NS

	Diastolic blood pressure (mm/Hg)
	86.03 ± 8.59
	86.07 ± 6.25
	NS


1Mann-Whitney U test.
BMI: Body mass index; WhR: Waist to hip ratio. NS: Not statistically significant; AD: Acute decompensation; NAD: Non-acute decompensation.





Table 12 Biochemical parameters data of non-acute and acute decompensating patients
	Variables (mean ± SD)
	NAD-decompensating patients (n = 29)
	AD-decompensating patients (n =14)
	P value1

	AST (IU/L)
	27.93 ± 26.99
	44.11 ± 11.26
	0.004

	ALT (IU/L)
	40.10 ± 35.52
	54.71 ± 51.23
	NS

	Bilirubin (µmol/L)
	21.75 ± 5.32
	26.94 ± 1.32
	NS

	PLT count (mm3)
	100.2 ± 24.37
	61.57 ± 14.12
	< 0.0001

	RDW-CV (%)
	26.16 ± 19.26
	51.51 ± 21.23
	< 0.0001

	RDW-SD (fL)
	54.39 ± 10.21
	64.10 ± 10.14
	< 0.0001

	Albumin (g/L)
	28.6 ± 2.21
	21.8 ± 2.59
	NS

	INR
	1.76 ± 0.66
	1.96 ± 0.62
	NS

	HOMA-IR
	3.44 ± 1.29
	4.12 ± 1.09
	NS

	Total cholesterol (mg/dL)
	195.4 ± 56.20
	164.4 ± 44.17
	NS

	Tryglicerides (mg/dL)
	167.4 ± 92.42
	152.1 ± 60.71
	NS

	Creatinine (mg/dL)
	1.27 ± 1.51
	2.61 ± 1.22
	0.03


1Mann-Whitney U test.
Statistically significant differences (P < 0.05) are reported in bold. ALT: Alanine aminotransferase; PLT: Platelets count; CV: Coefficient variation; RDW: Red-cell distribution width; INR: International normalized ratio; HOMA-IR: homeostasis model assessment for insulin resistance; NS: Not statistically significant; AD: Acute decompensation; NAD: Non-acute decompensation.






Table 13 Non-invasive tools for liver disease severity assessment of non-acute and acute decompensating patients
	Variables (mean ± SD)
	NAD-decompensating patients (n = 29)
	AD-decompensating patients (n = 14)
	P value1

	LSM (kPa)
	20.90 ± 2.09
	28.04 ± 3.44
	< 0.0001

	APRI
	1.60 ± 0.30
	1.90 ± 0.38
	< 0.0001

	FIB-4
	3.53 ± 1.75
	3.86 ± 2.64
	NS

	ALBI
	-1.98 ± 0.62
	-1.66 ± 0.35
	0.03

	Child-Pugh
	6.89 ± 0.97
	7.42 ± 0.75
	0.046

	MELD
	11.07 ± 3.35
	13.79 ± 2.07
	0.011

	RDW (fL)/PLT ratio
	0.668 ± 0.152
	1.077 ± 0.253
	< 0.0001


1Mann-Whitney U test.
Statistically significant differences (P < 0.05) are reported in bold. LSM: Liver stiffness measurement; APRI: Aspartate aminotransferase/platelet count ratio index; MELD: Model for End-stage Liver Disease FIB-4: Fibrosis-4; NS: Not statistically significant; AD: Acute decompensation; NAD: Non-acute decompensation.










Table 14 Receiving operator curve features using cut-off values > 0.894 as the red-cell distribution width to platelet ratio threshold in the prediction of acute decompensation as first decompensation event
	
	Value
	95%CI

	Sensitivity
	0.9310
	0.7804-0.9877

	Specificity
	0.8571
	0.6006-0.9746

	Positive predictive value
	0.9310
	0.7804-0.9877

	Negative predictive value
	0.8571
	0.6006-0.9746
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