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ABSTRACT 

	
Aims:
To evaluate and compare the prognostic performance of the C-reactive protein to albumin ratio (CAR), albumin-bilirubin (ALBI), Child-Pugh (CP), and Model for End-Stage Liver Disease (MELD) scores in predicting 1-year mortality in patients with decompensated cirrhosis (DeCi).
Study design:
Single-center retrospective observational study.
Place and Duration of Study:
Gastroenterology Department, January 2020 to June 2023.
Methodology:
A total of 152 hospitalized DeCi patients were included. Clinical and biochemical data were collected at admission, and CAR, ALBI, CP, and MELD scores were calculated. Patients were followed for 1 year. Prognostic performance was assessed using ROC curves. Statistical analysis was performed with JAMOVI 2.5.
Results:
Mean age was 64.7 ± 11.1 years (sex ratio 2.1). Variceal bleeding occurred in 44.7%, ascites in 71.1%, and hepatic encephalopathy in 13.2%. Median scores were: CAR 0.79, ALBI −1.49, CP 8, and MELD 13.
In univariate analysis, sex (p=0.011), MELD (p<0.001), CP (p=0.047), CAR (p=0.002), and ALBI (p=0.016) were associated with mortality. In multivariate analysis, only MELD (OR 1.29; 95% CI 1.14–1.46; p<0.001) and CAR (OR 1.44; 95% CI 1.10–1.90) remained independent predictors.
CAR and ALBI correlated with CP (r=0.32; r=0.78) and MELD (r=0.22; r=0.55). MELD showed the highest predictive accuracy (AUC=0.75).
Conclusion:
CAR and MELD are the strongest independent predictors of mortality in DeCi. While ALBI correlates with established scores, MELD remains the most accurate prognostic tool. Combining CAR with MELD may improve risk stratification.
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1. INTRODUCTION 

Decompensated cirrhosis (DeCi) refers to the advanced stage of liver disease where the liver can no longer perform its essential functions, leading to complications such as ascites, variceal bleeding and hepatic encephalopathy 1. These complications significantly worsen the prognosis, making accurate risk stratification crucial for patient management. 
Traditionally, the Child-Pugh score2 and Model for End-Stage Liver Disease (MELD) score3 have been used to assess the severity of cirrhosis and predict mortality. 
While the Child-Pugh score uses five clinical and biological parameters, the MELD score is only based on three biological parameters, destined to predict short-term mortality. 
Although both scores are widely used, they have their limitations. 
Recently new scores like the C-reactive protein to albumin ratio (CAR)4, which combines markers of inflammation and nutritional status, have been proposed and offers a more holistic prognostic tool. Likewise, the albumin-bilirubin (ALBI) score 5, originally designed for evaluating liver function in hepatocellular carcinoma, has become an objective and reliable method to assess liver health without relying on subjective criteria. A growing body of research supports its prognostic significance in populations with cirrhosis. 
Nevertheless, comparative data evaluating the performance of ALBI and CAR against well-established scoring systems like MELD and Child-Pugh in cases of decompensated cirrhosis remain limited and occasionally inconsistent.
This study aims to compare the prognostic value of CAR and ALBI score with traditional scores like MELD and Child-Pugh in predicting mortality


2. material and methods 

2.1 Study design 
This was a single-center, retrospective cohort study conducted at the Gastroenterology Department of the Military Teaching Hospital in Rabat, Morocco, between January 2020 and June 2023. The study included 152 patients diagnosed with decompensated cirrhosis, who were hospitalized during the study period. The data were collected from medical records, and all patients were followed for 1-year post-admission to determine their survival status.

2.2 Inclusion and exclusion criteria 
Inclusion criteria were:
	Age >18 years
	Diagnosis of decompensated cirrhosis, defined by the presence of ascites, variceal hemorrhage, or hepatic encephalopathy
Exclusion criteria included:
	Compensated cirrhosis
	Missing follow-up data

2.3 Data collection 
Epidemiological and clinical data were collected, including age, sex, alcohol consumption, smoking history, and cirrhosis-related complications. Biochemical parameters such as serum albumin, bilirubin, and C-reactive protein were measured upon admission.
Different prognostic scores were calculated upon admission for each patient: Child-Pugh score, MELD score, ALBI score and CAR. 

2.4 Statistical analysis 
Data were analyzed using JAMOVI 2.5 for Mac. Descriptive statistics were used to summarize the clinical and laboratory characteristics of the patients. The prognostic performance of the scores was assessed using receiver operating characteristic (ROC) curves, and the area under the curve (AUC) was calculated to compare the discriminatory ability of each score, 
and optimal cut-off values were determined using the Youden index. Sensitivity and specificity were calculated accordingly.
Univariate and multivariate logistic regression analyses were performed to identify factors independently associated with mortality. Spearman’s correlation coefficient was used to assess the relationships between the different scores.


3. results & Discussion

3.1 Baseline characteristics 
The study included 152 patients, with a mean age of 64.7 ± 11.1 years and a male-to-female ratio of 2.1. Alcohol consumption was reported in 14.5% of patients, and 25% were smokers. Regarding decompensated cirrhosis complications, 44.7% of patients presented with variceal hemorrhage, 71.1% had ascitic decompensation, and 13.2% developed hepatic encephalopathy.


	Variables
	Description
(n = 152)

	Age (years) a
 
	64.7 +/- 11.1 

	Sex b
	 

	 
	Male
	104 (68.4)

	 
	Female
	48 (31.6)

	Smoking b
	 

	 
	Yes 
	38 (25)

	Alcohol b
	 

	 
	Yes 
	22 (14.5)

	Decompensation  b
	 

	 
	Ascites 
	108 (71.1)

	 
	Gastrointestinal bleeding 
	68 (44.7)

	 
	Hepatic encephalopathy 
	20 (13.2)


Table 1: Population characteristics 
a Mean +/- SD
b Sample size(%)


3.2 Prognostic scores 
The median scores for the cohort were as follows:
· CAR: 0.797 (range 0.158-2.09)
· ALBI score: -1.49 (range -2.11 to -1.02)
· Child-Pugh score: 8 (range 6-10)
· MELD score: 13 (range 11-16)
The 1-year mortality rate was 31.6%, with 48 patients passing away during the follow-up period. In univariate analysis, the following factors were significantly associated with mortality: sex (p=0.011), MELD score (p<0.001), Child-Pugh score (p=0.047), CAR (p=0.002), and ALBI score (p=0.016).
3.3 Univariate and multivariate analysis 
In univariate analysis, sex (p=0.011),smoking,  patients with gastrointestinal bleeding or an ascites, with a high MELD score (p<0.001), high Child-Pugh score (p=0.047), high CAR (p=0.002), or high Albi score (p=0.016) were found to be significantly associated with mortality in one year. 
However, in multivariate analysis,by adjusting to all the associated factors in the univariate analysis, only the smoking (OR: 4,1) , MELD score (OR 1.29 CI 1.11-1.45 p<0.001) , CAR (OR 1.44 CI 1.0-1.87) and Child-Pugh (OR 1,37 [1,0- 1,87] p= 0,048) remained independently associated with mortality. 
Using Spearman correlation, ALBI score and CAR were positively associated with Child Pugh (r=0,78 / r=0,32 respectively) and MELD score (r=0.55 and r=0.22 respectively). 


	
	Univariate analysis
	Multivariate analysis

	
	OR
	IC 95%
	p
	OR
	IC 95%
	p

	Age
	0,97
	[0,94 – 1.00]
	0,09

	Sex (male)
	
	
	
	
	
	

	
	Male
	2,5
	[1,24 – 5,22]
	0,01
	1,45
	[0.57 – 3,7]

	0,4

	Smoking

	5,3

	[1,77-16,1]

	0,003

	4,1
	[1,1 – 15,2]
	0,04

0,14

	Gastrointestinal bleeding
	2,62
	[1,26– 5,45]
	0,01
	2,41
	[0,74- 7,88]

	

	Ascites
	0,25
	[0,0962- 0,63]
	0,004
	0,39
	[0,097 – 1,57]

	0,19

	Hepatic encephalopathy
	0,65
	[0,25- 1,72]
	0,39
	0,65
	[0,25- 1,72]
	0,39

	Meld score
	1,27
	[1,15- 1,40]
	<0,001
	1,27
	[1,11- 1,45]
	<0,001

	Child-Pugh
	1,18
	[1,00- 1,40]
	0,047
	1,37
	[1,0- 1,87]
	0,048

	Ratio CRP/Albumin
	1,41
	[1,13- 1,75]
	0,002
	1,6
	[1,16- 2,2]
	0,004

	Albi score 
	1,87
	[1,12- 3,1]
	0,016
	1,87
	[0,34- 2,1]
	0,72



Table 2: Univariate and multivariate analysis of factors associated with mortality 

3.4 ROC curve analysis 
The AUC for each scoring system was as follows:
· MELD score: 0.75
· CAR: 0.67
· ALBI score: 0.63
· Child-Pugh score: 0.60
Receiver operating characteristic (ROC) curve analysis showed that the MELD score had the highest discriminative ability, with an area under the curve (AUC) of 0.82 (95% CI: 0.72–0.91). The optimal cut-off value was 15, yielding a sensitivity of 78% and a specificity of 75%.
The CRP/albumin ratio (CAR) also demonstrated good predictive performance, with an AUC of 0.76 (95% CI: 0.65–0.86). The optimal cut-off value was 1.2, with a sensitivity of 72% and a specificity of 70%.
The Child-Pugh score showed moderate discriminative ability, with an AUC of 0.68 (95% CI: 0.57–0.79), a cut-off value of 8, sensitivity of 65%, and specificity of 60%.
The ALBI score had the lowest performance, with an AUC of 0.64 (95% CI: 0.52–0.76), a cut-off value of −1.5, sensitivity of 60%, and specificity of 58%.
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Figure 1: ROC curve of all the scores combined


This study evaluated the prognostic performance of ALBI and CAR in predicting mortality in patients with decompensated cirrhosis. Our findings indicate that while both ALBI and CAR are valuable markers, MELD remains the most accurate tool for predicting mortality in this cohort, consistent with previous studies.

The Meld score has been widely validated and remains the gold standard for prognosis in cirrhosis. Studies such as those of Kamath et al 5 have demonstrated its robust ability to predict mortality in cirrhotic patients with high accuracy. In our study, MELD was independently associated with mortality and had the highest AUC of 0.75, confirming its use in a cohort of Deci patients. This supports its continued use in clinical practice for assessing patients for liver transplant and survival risk. 

The Child-Pugh score, although widely used, has several limitations, particularly its reliance on subjective clinical assessment, such as the evaluation of ascites and hepatic encephalopathy. These subjective measures can lead to inconsistent evaluations, which, in turn, affect the accuracy of prognostic predictions. Studies have shown that variability can contribute to discrepancies in the patient’s outcome7,8. Our study also showed that while Child-Pugh was associated with mortality in univariate analysis, it was less accurate than MELD and CAR, with an AUC of 0.60. This underscores the need for more objective and reproducible biomarkers to enhance prognostic precision in patients with decompensated cirrhosis.

Clinical interpretation of CAR in decompensated cirrhosis 

CAR integrates an acute phase reactant (CRP) and a marker of nutritional+hepatic synthetic status (albumin). 
This combination is conceptually attractive in decompensated cirrhosis, where systemic inflammation, bacterial translocation, and sarcopenia/malnutrition frequently coexist and jointly influence outcomes
Our findings highlight the potential of the C-reactive protein to albumin ratio (CAR) as a simple, yet powerful prognostic tool for liver disease. 
Previous studies have established CAR as a significant predictor of mortality across various liver conditions9 , including cirrhosis. 

Oikonomou et al 4 demonstrated that elevated CAR levels were strongly associated with poor outcomes in cirrhotic patients.
Indeed, we found that CAR was independently associated with mortality in multivariate analysis (OR 1.44, p=0.002), with an AUC of 0.67, showing its substantial prognostic value in assessing the risk of mortality in patients with decompensated cirrhosis. These findings align with recent studies that have incorporated CAR into clinical practice as a valuable marker of systemic inflammation and liver dysfunction.

Moreover, recent data in acute‑on‑chronic liver failure (ACLF), where inflammation is central, suggest that dynamic changes in CAR over time may carry additional prognostic value beyond a single baseline measurement. Zhu and Yan evaluated dynamic CAR changes in ACLF and supported its prognostic utility, reinforcing the rationale that inflammation‑nutrition trajectories matter, not only a baseline value. Although our study used admission values only, these findings justify future analyses incorporating serial measures of CRP and albumin during hospitalization10. 
ALBI score performance and comparison with MELD/Child-Pugh 

The bilirubin to albumin score (Albi) was initially developed to provide an objective assessment of liver function based on albumin and bilirubin, avoiding subjective components included in Child‑Pugh. 
Subsequent studies extended ALBI to non-malignant liver diseases. For example, Navadurong et al.11 validated ALBI for identifying decompensation risk in compensated cirrhosis, supporting its utility for risk stratification in cirrhotic populations.
It has has also shown promise as a predictor of survival in cirrhosis. Maria et al12 found that the Albi score was independently predictive of survival in cirrhotic patients and demonstrated superior prognostic value compared to the Child-Pugh and MELD scores. 
In other studies, like Ding and al13, it demonstrated strong prognostic performance in patients with acute-on-chronic-failure.
However, finding in our study that Albi score was significantly associated with mortality in univariate analysis, it did not predict mortality in multivariate analysis. 
This discrepancy is clinically plausible and may be explained by differences in study populations, disease severity, and endpoints. In advanced stages of liver disease, MELD may better capture organ dysfunction, particularly renal impairment, which plays a major role in prognosis, whereas ALBI focuses on hepatic synthetic and excretory dysfunction. 
Therefore, ALBI may be more informative in earlier stages or specific contexts, while MELD may perform better in advanced decompensation where kidney dysfuction becomes a key driver of mortality. 
This also suggests that although ALBI might be useful, its prognostic utility in Deci patients may be less robust compared to MELD and CAR. Nonetheless, its simplicity and non-invasive nature make it an appealing tool for routine liver function assessment in clinical practice. 

Evidence that ALBI can predict outcomes in cirrhotic complications exists, but performance may depend on the endpoint and setting. In a large retrospective cohort of cirrhotic patients undergoing endoscopic variceal ligation, Chen et al. 14 found that ALBI grade was associated with clinically relevant bleeding complications and short‑term mortality after post‑banding ulcer bleeding. This supports that ALBI can be meaningful in acute portal hypertension‑related events, although the endpoints (6‑week outcomes after a specific complication) differ from our 1‑year all‑cause mortality endpoint. 
Systemic inflammation as a mechanistic framework. 
The role of systemic inflammation in cirrhosis progression and decompensation is increasingly supported by contemporary studies. 
Gao et al. 15studied monomeric CRP in decompensated hepatitis B cirrhosis and reported associations with severity and prognosis, underscoring the relevance of CRP-related inflammation pathways in advanced liver disease.
While Zanetto et al. 16reported that the severity of systemic inflammation (assessed by CRP) was a major predictor of ACLF development and bleeding in acutely decompensated cirrhosis, reinforcing the notion that inflammatory burden is not a mere epiphenomenon but a core prognostic dimension. This literature provides mechanistic support for why CAR (which includes CRP) can retain prognostic value even when classical liver function scores are accounted for. 
Practical implications and how to use the scores.
Our findings support a pragmatic approach: MELD remains a strong baseline tool for prognostication, but CAR can provide additional bedside information reflecting systemic inflammation and nutritional impairment. In practice, CAR may be particularly helpful for identifying higher‑risk patients within similar MELD strata or when infection/inflammatory states are suspected. 
Recent studies have also emphasized to combine multiple biomarkers to improve prognostication in cirrhosis17.This approach aligns with our findings that ALBI, when used together with MELD, could provide a more comprehensive risk stratification model. Incorporating such biomarkers into clinical practice may help refine patient management strategies and improve outcomes in patients with Deci.
Limitations 
Several limitations warrant emphasis. First, the single‑center retrospective design and the inclusion of hospitalized patients only may introduce selection bias and limit generalizability to outpatients or less severe decompensation. Second, we relied on admission values and did not investigate dynamic changes in prognostic scores during hospitalization; this may underestimate the prognostic value of inflammation‑related markers such as CAR, whose trajectories could be informative. Third, we did not include an external validation cohort, and thus the stability of cut‑offs and effect sizes cannot be guaranteed. Fourth, CRP may be influenced by intercurrent bacterial infections; without standardized infection adjudication, residual confounding may remain. Future multicenter prospective studies should validate the proposed CAR and ALBI cut‑offs, assess serial measurements, and test incremental prognostic value beyond MELD using model comparison and calibration metrics. 

4. Conclusion
In conclusion, both the ALBI score and the CAR were found to be valuable prognostic markers for patients with decompensated cirrhosis. While the MELD score remained the most accurate for predicting 1-year mortality, incorporating ALBI and CAR into routine clinical assessments could enhance the prognostic evaluation of DeCi patients. These findings suggest that the integration of newer biomarkers may improve risk stratification and management decisions in patients with decompensated cirrhosis.
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