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Highlights 

 Early clinical prognosis remains a challenge in Advanced Chronic Liver Disease (CLD) 

 Nutritional Prognostic Index (NPI) shows potential for nutritional assessment in ACLD 

 Association between NPI <41 cutoff and mortality were observed in our ACLD population 

 82.1% of the sample below cutoff experienced mortality within 12 months 

 NPI is a simple and effective assessment tool which can aid in ACLD early diagnosis 
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dbstra t 

Introduction: Early clinical prognosis and mortality reduction remains a challenge in Chronic Liver 

Disease (CLD). The full potential of the Nutritional Prognostic Index (NPI) for nutritional assessment 

and management in CLD patients remains unexplored. 

Aim: To establish an NPI cutoff point for identification of nutritional risk in advanced CLD (ACLD) 

patients, and to assess the NPI’s ability to predict ACLD-associated mortality. 

Method: This ethically approved prospective cohort study investigated malnutrition risk using both 

the NPI and the Royal Free Hospital-Nutritional Prioritizing Tool (RFH-NPT) in patients hospitalized for 

ACLD. NPI reference values were determined using Receiver Operating Characteristic curve. 

Associations between nutritional risk identified by RFH-NPT and by NPI were assessed using Fisher's 

exact test, and agreement between tools assessed using the Kappa index. Association between NPI-

defined nutritional risk and 12-month mortality was examined using Pearson Chi-square test. 

Results: The sample population consisted of 120 adults, 84 (70%) male and 57 (50.9%) of alcoholic 

aetiology, presenting Child-Pugh A, B or C at admission. The identified cutoff point for NPI was <41, 

identifying nutritional risk in 82.5% of patients. NPI presented a statistically significant association 

with RFH-NPT, with substantial agreement coefficient of 0.34. Association between NPI <41 cutoff 

and mortality were observed, with 82.1% of the sample below cutoff experiencing mortality within 

12 months. 

Conclusion: NPI is a valuable nutritional marker for identification of nutritional risk in ACLD. The NPI 

is a simple and effective assessment tool which can aid in CLD early diagnosis. Validation however 

remains necessary in other CLD populations of different aetiologies. 

 

Ke wores:  

Nutritional Prognostic Index; Nutritional screening; Nutritional assessment; Nutritional Risk; 

Advanced Chronic Liver Disease. 

 

 

 

 

 

 

 

 

 

 

 

 

                  



nntroeu tion: 

Chronic Liver Disease (CLD) has increased 1.5 to 2 times in the last two decades and is globally 

responsible for approximately 2 million deaths annually [1]. CLD is characterized by progressive liver 

fibrosis, resulting in compromised vascular architecture of the liver alongside hepatic parenchymal 

dysfunction [1]. 

Metabolic manifestations present in advanced CLD (ACLD) negatively affect the individual's 

nutritional status. Altered metabolism, associated with malabsorption of macro and micronutrients, 

leads to reduction in glycogen and branched-chain amino acid (BCAA) stores, alongside abnormalities 

in lipid metabolism [2]. 

Liver dysfunction, infections, encephalopathy, ascites, and other clinical complications associated 

with the progression of ACLD further impact the nutritional status of sufferers. Malnutrition becomes 

more pronounced in the decompensated phase of the disease, with its prevalence varying between 

5% and 92%. Such wide variation in nutritional diagnosis can be partially explained by the utilization 

of different nutritional assessment methods across various studies [2]. 

Despite the wide availability of nutritional screening instruments in clinical practice for hospitalised 

patients, early nutritional therapy in ACLD patients remains a challenge. The European Society for 

Parenteral and Enteral Nutrition (ESPEN) recommends the Royal Free Hospital-Nutritional Prioritizing 

(RFH-NPT) tool for nutritional screening in ACLD. However, some inefficiency in the proposed 

assessment remains due to commonly occurring oedema, which compromises the integrity of 

anthropometric measurements [2, 3]. 

The Nutritional Prognostic Index (NPI), initially proposed for nutritional assessment in the 

perioperative period, utilises albumin serum levels and lymphocyte count to detect nutritional risk 

[4]. The potentially broader applications of the NPI in clinical practice, with the ability to monitor 

nutritional status of patients diagnosed with various chronic illnesses [5, 6, 7], has been proposed. 

However, studies evaluating its performance in relation to recommended tools, such as the RFH-NPT, 

are lacking to date.  

The present study aimed to identify a NPI cutoff reference value accurate enough to detect 

nutritional risk in ACLD patients, alongside its association with 12-month mortality. The utilisation of 

a simple and effective index such as the NPI for early nutritional screening of ACLD patients affords 

the identification of patients at greater risk, allowing for early nutritional interventions which 

improve clinical prognosis and reduce mortality. 

 

Materials ane Methoes 

Stue  Design, Samrle, ane rorulation 

Our study was conducted at the Gastroenterology and Hepatology ward of the University Teaching 

Hospital, Federal University of Bahia, Salvador, Brazil, from April 2018 to November 2020. Ethical 

approval was granted by the Federal University of Bahia Research Ethics Committee (Approvals 

3.380.156 and 5.780.638). All consenting patients signed a consent form, and the research team 

answered all their questions to their full satisfaction prior to signing. All patients were reassured that 

not participating in the study would not interfere with the healthcare provided to them. Patients 

unable to give informed consent were not included in the study. 

                  



Our study utilized a prospective cohort design with a non-probabilistic sample. ACLD patients at 

different stages of the disease (Child-Pugh A, B and C) [8] were included. All ACLD cases were 

diagnosed by a lead Hepatologist consultant, based on information provided by liver biopsy, or a 

combination of laboratory, clinical and imaging data, or clinical signs of liver disease 

decompensation, found in Child-Pugh B and C patients. Patients aged 18 years old or older of both 

sexes were included. Patients with other decompensated chronic diseases, acquired 

immunodeficiency syndrome, tuberculosis, muscular disease, and rheumatological disease, were not 

included in the study. Additionally, inability to undergo anthropometric assessment or lack of 

updated biochemical parameters were non-inclusion criteria [9].  

 

Data Colle tion 

Patients were initially assessed by a registered nutritionist from the research team. The nutritionist 

had received training on the standardised forms and on demographic and clinical data collection 

prior to the beginning of the study. The initial patient assessment occurred within the first 48 hours 

of hospital admission. Consenting patients were followed for 12 months. 

 

Clini al Data 

ACLD aetiology, time of diagnosis, presence of ascites, hepatic encephalopathy, evidence of portal 

hypertension syndrome, and laboratory test results, were collected from medical records. ACLD 

severity was assessed using the Child-Pugh classification and the Model for End-stage Liver Disease 

(MELD). The Child-Pugh classification categorises liver dysfunction as mild (A), moderate (B), and 

severe (C), while the MELD classification indicates that scores ≥ 15 present a higher risk of death 

within three months if not transplanted [10, 11]. 

 

Nutritional Risk dssessment 

Nutritional status screening was conducted at the time of admission using both the Nutritional 

Prognostic Index (NPI) and the Royal Free Hospital-Nutritional Prioritizing Tool (RFH-NPT). The RFH-

NPT is a validated instrument with excellent intra- and inter-observer reproducibility, comprising 

three main steps: a) patients with alcoholic hepatitis or those on tube feeding are immediately 

assessed as high nutritional risk, and do not proceed to the next step; b) patients without alcoholic 

hepatitis or tube feeding are assessed for water overload, assessing its impact on food intake and 

weight loss; c) patients without water overload are assessed using nutritional status indicators such 

as Body Mass Index (BMI), unplanned weight loss, and daily food intake. The RFH-NPT provides a 

score stratifying nutritional risk into low risk (score 0), moderate risk (score 1), and high risk (score 

ranging from 2 to 7) [12]. 

Completing the RFH-NPT requires BMI calculation [13], which was performed in our study using 

height measured with a stadiometer and weight measured with a digital scale. For patients 

presenting ascites and or oedema, dry weight was calculated as recommended by the European 

Association for the Study of the Liver [8]. Weight loss was calculated based on the patient's reported 

usual weight at the time of assessment. NPI calculation involves total lymphocyte count and serum 

albumin concentration using the formula [10 × albumin (g/dL)] + [0.005 × absolute lymphocyte count 

(mm3)] [4]. 

                  



Suraiaal at 12 Months 

Survival information was obtained through medical and consultation records, and integration into 

the hospital's digital information system and the official State Death Registration Records. In cases 

where information could not be found in our databases, the research team contacted patients or 

their families by telephone to assess their clinical condition. 

 

Statisti al dnal sis 

A qualified statistician conducted the power analysis for the study using G*Power version 3.1.9.7. For 

the chi-square test results, the analysis indicated a statistical power (1-β) of 0.90. Additionally, the 

power of the test was 0.96 based on the Receiver operating characteristic (ROC) curve analysis. 

These findings demonstrate that the sample size calculation in our study was sufficiently robust to 

ensure a reliable identification of a significant cutoff point in the ROC curve. 

Data analysis was conducted using SPSS® Statistical Package version 21.0. Data distribution normality 

was assessed through visual analysis of the normal curve and confirmed by the Shapiro-Wilk and 

Kolmogorov-Smirnov tests. For descriptive analysis of the variables of interest, the median and 

interquartile range (25th and 75th percentiles) were used for most variables, along with absolute and 

relative frequencies, depending on the characteristics of the variable analysed. Notably, among the 

continuous quantitative variables, only the NPI met the assumptions of normality, with its results 

presented as mean ± standard deviation. 

The Areas Under the Curve (AUC) of different NPI values were explored using high nutritional risk 

identified by the RFH-NPT (score >2) as reference. Sensitivity and specificity were calculated for 

different NPI scores. The Youden Index (YI) (sensitivity + specificity – 100) was employed to identify 

the optimal discriminative threshold. The cutoff point with the highest accuracy was identified as the 

one with the highest YI and highest AUC. The AUC provided a measure of overall test accuracy, with 

values interpreted as follows: 0.5-0.6 (poor), 0.6-0.7 (fair), 0.7-0.8 (good), 0.8-0.9 (very good), >0.9 

(excellent) [14]. 

Associations of nutritional risk diagnosis according to NPI and RFH-NPT were investigated using the 

Fisher Exact Test. Fisher Exact Test and chi-square test were employed to assess associations 

between nutritional risk classification according to NPI and clinical variables, and mortality. 

Agreement between methods was investigated using the Kappa Index, with the following 

interpretation criteria: 0.0-0.20 (no agreement), 0.21-0.40 (considerable agreement), 0.41-0.60 

(moderate agreement), 0.61-0.80 (substantial agreement), and 0.81-1.0 (perfect agreement). 

Statistical tests were considered significant where p-values < 0.05 [15]. 

 

Results 

One-hundred twenty ACLD patients were included in the present investigation. The majority of 

patients were male (n = 84; 70%), and the median age was 56 years (IQR 50-63). Concerning disease 

severity, 59.2% (n = 71) of patients were classified as Child-Pugh B, and 32.5% (n = 39) as Child-Pugh 

C, while the median MELD score was 14 (IQR: 11-18). Alcohol-related liver disease was the most 

common aetiology in our population (n = 57; 50.9%). Among the most significant ACLD 

complications, ascites (n = 97; 81.5%) and portal hypertension syndrome (n = 100; 87%) were 

identified. Hepatocellular Carcinoma (HCC) was diagnosed in 12.5% (n = 15) of patients (Table 1). 

                  



Nutritional risk assessment using RFH-NPT revealed high risk of malnutrition in 84.2% of patients (n = 

101). The mean NPI was 34.6 ± 6.8 (Table 1). NPI data assessed according to disease severity showed 

that higher scores – an indicative of lower nutritional risk – were observed in patients with better 

clinical condition assessed by Child-Pugh (45.1 vs. 33.75, p<0.001), and in those who survived the 12 

months period (36.52 vs. 33.03, p=0.04). The Meld score assessment showed that the NPI did not 

differ significantly (34.48 vs. 33.4, p=0.17) (figure 1).  

Laboratory data showed total bilirubin median level at 1.8 mg/dL (IQR 1.1-3.9), lymphocyte count at 

1093.6 / mm³ (IQR 725.2-1728.3), C-Reactive protein level at 16.5 mg/dL (IQR 6.3-37.6), International 

Normalised Ratio (INR) at 1.3 (IQR 1.1-1.6), and serum albumin, urea, and creatinine levels at 2.8 

mg/dL (IQR 2.4-3.2), 35 mg/dL (IQR 31.5-48.5), and 0.9 mg/dL (IQR 0.7-1.3), respectively (Table 1).  

A NPI cutoff point of 41 was identified for nutritional risk, with a sensitivity of 88% and specificity of 

47%, utilizing the highest IY value (0.35), which presents the lowest sum of classification error 

proportions, in addition to the highest AUC value (Figure 2). The complete data for sensitivity, 

specificity, YI, and AUC for the NPI reference value analyses are presented in Supplementary Table 1.  

Using the proposed NPI reference value of 41, we noted that 82.5% of patients were diagnosed as 

nutritionally at risk (NPI < 41), while 17.5% were not (NPI ≥ 41). As anticipated, Fisher's exact test 

revealed a significant association between nutritional risk classification determined by NPI and by 

RFH-NPT (X² (1) = 29.51; p < 0.05) (Table 2).  

Within 12 months, 48 patients (40%) did not survive, and 8 underwent liver transplantation. Total 

mortality analysis at 12 months was significantly higher in the group presenting NPI < 41 compared 

to the NPI ≥ 41 group (p = 0.023). Among the patients who did not survive during the evaluated 

period, 91.7% (n = 44) were identified with a NPI < 41 (Table 3). 

 

Dis ussion 

Our study has identified a NPI reference value that was accurate enough to detect nutritional risk in a 

sample population of ACLD patients, using the validated RFH-NPT tool as reference. The NPI 

calculation involves lymphocyte count and serum albumin concentration and does not require BMI, 

which can be challenging to assess when ACLD patients experience oedema and ascites. We have 

also examined 12-month mortality in our sample population and observed that patients with a NPI < 

41 at admission showed a statistically significant association with mortality 12 months later, as 

compared to patients with a NPI ≥ 41. Our results are novel and add to the portfolio of strategies for 

ACLD management. 

Our sample population consisted of predominantly ACLD males at high nutritional risk, and 

complications including ascites and portal hypertension syndrome were common. Alcoholic liver 

disease emerged as the most common aetiology in the sample population. Our study identified a 

high prevalence of the most severe forms of ACLD, including Child-Pugh B (significant functional 

compromise) and Child-Pugh C (decompensated disease). It is well-established that the progression 

of liver dysfunction directly impacts nutritional status, with alcoholic aetiology and the presence of 

complications such as ascites and portal hypertension syndrome closely associated with the 

development of malnutrition in liver disease patients [16, 17]. Alcoholic aetiology, as the 

predominant causative agent of liver disease in our sample population, limits the generalisability of 

our findings to the broader population of CLD patients. Clinical studies show that patients suffering 

with Alcohol-related Liver Disease experience more severe nutritional impairment, with a higher 

                  



prevalence of low body weight, reduced muscle mass, and deficiencies in vitamins and minerals [11, 

18, 19]. 

A high prevalence of patients at nutritional risk was observed in our study, as identified by both the 

NPI and the RFH-NPT. We noted that a NPI < 41 cutoff point exhibited greater accuracy in measuring 

high nutritional risk with good sensitivity, suggesting its effectiveness in nutritional risk screening. 

Furthermore, a NPI < 41 was associated with higher 12-month mortality in our patients. Previous 

studies have utilised the NPI in the context of HCC patients [13, 21, 22], but to the best of our 

knowledge our study is the first to investigate associations between NPI and mortality in ACLD 

patients, specifically.  

The study conducted by García-Rodríguez et al [22] was the only prior investigation that we could 

find to evaluate NPI in liver transplantation scenarios, identifying a score below 40 as nutritional risk, 

very close to what we have identified in our study. García-Rodríguez also noted a high prevalence of 

nutritional risk (87.27%) in their population and found that NPI < 40 was an indicator with good 

sensitivity for nutritional screening of patients with advanced liver disease [23]. 

The NPI was originally validated for the identification of malnutrition risk in surgical cancer patients 

[4], and also used as predictor of clinical outcomes in hospitalised elderly patients [6]. More recently, 

the NPI has emerged as a reliable predictive marker for adverse clinical outcomes in a broader range 

of conditions, including Severe Acute Respiratory Syndrome Coronavirus 2 [5], chronic kidney disease 

[24, 25], and cancer [7, 26].  

Currently, the NPI stands as an important predictor of negative clinical outcomes and can serve as a 

practical tool for guiding therapeutic decisions in clinical practice. Garcia-Rodriguez et al. (2017) 

showed that the NPI had the highest overall agreement with other screening methods, such as the 

Controlling Nutritional Status score, Nutritional Risk Index, Spanish Society of Parenteral and Enteral 

Nutrition criteria, and Subjective Global Assessment, in patients awaiting liver transplantation. 

The NPI is an easy-to-obtain index with good sensitivity for identifying nutritional risk in patients with 

compensated liver disease. However, it may demonstrate higher specificity in the more advanced 

stages of the disease, where nutritional impairment is already evident. This makes early nutritional 

intervention more feasible, ultimately supporting better clinical outcomes. 

Acute or chronic nutritional deficiencies are frequently overlooked, predisposing sufferers to 

infections and hindering wound healing due to compromised immunity and inflammation resolution 

response. Nutritional deficiencies are known to extend hospitalisation and to escalate mortality risk. 

The hospital environment exacerbates malnutrition due to extended periods of fasting for blood 

tests and procedures, and also due to important changes in dietary habits and unappetising diets 

[11, 16]. 

The diagnosis of malnutrition serves as prognostic indicator for negative clinical outcomes, with its 

delayed detection impeding timely implementation of appropriate nutritional therapy. Therefore, all 

ACLD patients or those with decompensated CLD should be assessed for nutritional risk within 48 

hours of hospital admission [2, 16, 17].  

Serum albumin, whilst not a valid index of nutritional status in liver patients, can serve as a useful 

auxiliary biomarker in nutritional assessment when interpreted alongside other biomarkers. Its 

usefulness is particularly evident when interpreted alongside lymphocyte counts [23, 27]. In the 

clinical conditions referred earlier, intense catabolism and acute-phase protein production divert 

                  



amino acids away from albumin synthesis, yet the NPI has still proven reliable as both a prognostic 

and nutritional marker. 

In hospital settings, the challenge lies in selecting the most suitable instrument from the portfolio 

available for nutritional screening of CLD patients. Commonly utilised nutritional screening 

instruments include the Nutritional Risk Screening 2002 (NRS 2002), Nutrition Risk in the Critically Ill 

(NUTRIC Score), Mini Nutritional Assessment Short Form (MNA-SF), and the Malnutrition Universal 

Screening Test (MUST). However, these instruments possess some limitations such as inter-observer 

variability, reproducibility challenges, necessitate technical expertise, and some are either not 

recommended for monitoring or lack validation for CLD patients [28]. 

The challenges of nutritional screening in CLD individuals are particularly daunting, primarily due to 

fluid accumulation in extracellular spaces. For that reason, the RFH-NPT categorises patients into low, 

medium, and high nutritional risk groups taking into account the presence or not of ascites and 

oedema, unintentional weight loss, and alterations in food intake [28, 29, 30]. Alongside the RFH-

NPT, Booi et al [30] proposed a version of MUST tailored for ACLD patients, known as the Liver 

Disease Universal Screening Test (LDUST). Containing 6 questions, LDUST demonstrated good 

sensitivity in identifying nutritional risk among outpatients, but lacks validation for hospitalised 

individuals [31, 32]. 

The NPI index facilitates rapid, straightforward, and effective assessment, aiding in clinical decisions 

[4, 32]. Over the past 5 years, studies have examined NPI’s usefulness and reliability in various health 

conditions, including hepatocellular [22] and gastrointestinal cancer [33,34]. Research on NPI 

extends to cardiology [35] and neurology [36], as well as patients diagnosed with coronavirus disease 

[37]. The aforementioned studies show a correlation between lower NPI scores and worsened 

disease prognosis, along with higher mortality rates [22, 34-37]. Given the scientific evidence 

available to date, we propose the use of NPI to detect nutritional risk in CLD patients, with the RFH-

NPT serving as a reference parameter, if necessary. 

NPI cutoff points have been identified across various health conditions. For instance, in HCC a cutoff 

of 50.25 has been identified [16], while for cerebral venous sinus thrombosis it has been identified as 

44.2 [30], and 33.41 for coronavirus infection [37]. In patients diagnosed with heart failure a NPI 

cutoff of 39.3 was identified, with 50% of the sample population classified as malnourished, and 15% 

suffering from cachexia [35]. Similarly, in a study involving patients with gastrointestinal tract cancer, 

an NPI cutoff of 43.9 was determined in a sample mostly composed of eutrophic patients, based on 

average BMI [34]. 

The NPI can simultaneously assess the inflammatory process and nutritional risk [38]. Chronic 

inflammation induces metabolic stress, thereby facilitating the onset of malnutrition [39]. 

Additionally, the detection of anti-albumin antibodies in CLD patients warrants consideration, with 

the potential role of naturally occurring antibodies in albumin biological clearance [40]. 

Despite the varied applications of NPI in disease progression, its role as indicator of nutritional risk in 

CLD patients specifically remains largely unexplored, alongside the underlying mechanisms governing 

this relationship. Immunological processes in CLD evolution encompass immune response, 

inflammation, and partial or total cellular repair, which may vary depending on the disease's 

aetiology [41, 42]. In the early stages of liver disease progression, the immune response in the liver is 

activated, subsequently triggering immunological elements mediated by immune cells, leading to 

exacerbated inflammation and hepatocyte apoptosis. Chronically, this process leads to cellular 

necrosis and hepatocyte proliferation, potentially culminating in liver fibrosis [42, 43].  

                  



The NPI is calculated using lymphocyte count and serum albumin concentration. Both biomarkers are 

useful in the context of CLD and worth of determination request by the clinician in charge of the 

hospitalised patient. In decompensated CLD, albumin levels are decreased, and structural 

abnormalities can be detected, compromising its antioxidant, immunomodulatory, and endothelium-

protective functions [43]. Hypoalbuminemia in CLD can stem from increased catabolism and from 

reduced hepatic synthesis due to hepatocellular dysfunction, resulting in shorter half-life and greater 

dilution in plasma [44, 45]. Hypoalbuminemia is associated with negative outcomes in a range of 

diseases [45] and is known to detrimentally affect the immune system. Lymphocyte count 

assessment in conjunction with serum albumin can assist in clinical prognosis, offering greater 

prognostic power than either component alone [45]. 

Con lusion 

Our study identifies the Nutritional Prognostic Index as a promising biomarker for identification of 

nutritional risk in ACLD patients. We have found that a NPI value below 41 is significantly associated 

with increased 12-month mortality in our population. Therefore, the application of NPI in ACLD 

enables early and targeted nutritional intervention, mitigating adverse clinical outcomes. Larger scale 

multi-centre studies recruiting a more diverse CLD population are recommended to validate and 

extrapolate our findings. 

 

De laration of  omreting interest 

The authors declare no conflict of interest. 

 

Funeing 

This research was partially funded by the Fundação Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior, Brazil (CAPES Brazil), Finance Code 001.  

 

d knowleegements  

The authors wish to express their gratitude for the patients, posthumously and in life, and their 

families. The authors also express their gratitude to medical and support staff at the University 

Teaching Hospital, Federal University of Bahia, Salvador, Brazil. 

 

CReeiT authorshir  ontribution statement 

Ketsia Meneses Souza Santos: Conceptualization, Investigation, Formal analysis, Visualization, Writing 

- Original Draft, Writing - Review & Editing.  

Ramona Souza da Silva Baqueiro Boulhosa: Conceptualization, Methodology, Investigation, Formal 

analysis, Writing - Review & Editing.  

Laís Spindola Garcêz: Writing - Review & Editing.   

André Castro Lyra: Project administration, Writing - Review & Editing.  

Allain Amador Bueno: Writing - Review & Editing.   

                  



Rosangela Passos de Jesus: Project administration, Supervision, Writing - Review & Editing.  

Lucivalda Magalhães de Oliveira: Project administration, Supervision, Writing - Review & Editing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  



Referen es 

[1] Moon AM, Singal AG, Tapper EB. Contemporary Epidemiology of Chronic Liver Disease and 

Cirrhosis. Clinical Gastroenterology and Hepatology. 2020 Nov;18(12):2650-2666. 

doi:10.1016/j.cgh.2019.07.060 

[2] Traub J, Reiss L, Aliwa B, Stadlbauer V. Malnutrition in Patients with Liver Cirrhosis. Nutrients. 

2021 Feb;13(2):540. doi: 10.3390/nu13020540 

[3] European Association for the Study of the Liver. EASL Clinical Practice Guidelines on nutrition in 

chronic liver disease. Journal of Hepatology. 2019 Jan;70(1):172-193. doi: 

10.1016/j.jhep.2018.06.024 

[4] Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal surgery of 

malnourished cancer patients. Nihon Geka Gakkai Zasshi. 1984 Sep;85(9):1001-1005. doi: 

10.1016/0002-9610(80)90246-9. 

[5] Thomas S, Alexander C, Cassady BA. Nutrition risk prevalence and nutrition care 

recommendations for hospitalized and critically-ill patients with COVID-19. Clinical Nutrition 

ESPEN. 2021 Aug; 44:38-49. doi: 10.1016/j.clnesp.2021.06.002 

[6] Abd Aziz NAS, Teng NIMF, Abdul Hamid MR, Ismail NH. Assessing the nutritional status of 

hospitalized elderly. Clinical Interventions in Aging. 2017 Oct;12:1615-1625. doi: 

10.2147/CIA.S140859 

[7] Cadwell JB, Afonso AM, Shahrokni A. Prognostic nutritional index (PNI), independent of frailty is 

associated with six-month postoperative mortality. Journal of geriatric oncology. 2020 

Jun;11(5):880-884. doi: 10.1016/j.jgo.2020.03.013 

[8] Udell JA, Wang CS, Tinmouth J, FitzGerald JM, Ayas NT, Simel DL, et al. Does This Patient With 

Liver Disease Have Cirrhosis? JAMA. 2012 Feb 22;307(8):832. doi: 10.1001/jama.2012.186 

[9] Boulhosa RSSB, Lourenço RP, Côrtes DM, Oliveira LPM, Lyra AC, de Jesus RP. Comparison 

between criteria for diagnosing malnutrition in patients with advanced chronic liver disease: 

GLIM group proposal versus different nutritional screening tools. J Hum Nutr Diet. 2020 

Dec;33(6):862-868. doi: 10.1111/jhn.12759. Epub 2020 May 7. PMID: 32378264. 

[10] Pugh RN, Murray -Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection of the oesophagus 

for bleeding oesophageal varices. Br J Surg. 1973;60(8):646 -9. doi: 10.1002/bjs.1800600817 

[11] Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P, et al. Model for end-stage liver 

disease (MELD) and allocation of donor livers. Gastroenterology [Internet]. 2003 Jan [cited 2020 

Nov 29];124(1):91–6. doi: 10.1053/gast.2003.50016 

[12] Wu Y, Zhu Y, Feng Y, Wang R, Yao N, Zhang M, et al. Royal Free Hospital-Nutritional Prioritizing 

Tool improves the prediction of malnutrition risk outcomes in liver cirrhosis patients compared 

                  



with Nutritional Risk Screening 2002. British Journal of Nutrition. 2020 Dec ;124(12):1293-1302. 

doi: 10.1017/S0007114520002366 

[13] Smith A, Baumgartner K, Bositis C. Cirrhosis: Diagnosis and Management. American Family 

Physician. 2019 Dec;100(12):759-770. PMID: 31845776. 

[14] Borges LSR. Diagnostic accuracy measures in cardiovascular research. International Journal of 

Cardiovascular Sciences. 2016; 29(3): 218-222. doi: 10.5935/2359-4802.20160030 

[15] Mchugh ML. Interrater reliability: the kappa statistic. Biochemia médica. 2012;22(3): 276-282. 

PMID: 23092060. 

[16] Aller de la Fuente R. Nutrition and Chronic Liver Disease. Clinical Drug Investigation. 2022 Apr 

29;42(S1):55–61. doi: 10.1007/s40261-022-01141-x 

[17] Wang D, Hu X, Xiao L, Long G, Yao L, Wang Z, et al. Prognostic Nutritional Index and Systemic 

Immune-Inflammation Index Predict the Prognosis of Patients with HCC. Journal of 

Gastrointestinal Surgery. 2021 Feb;25(2):421-427. doi: 10.1007/s11605-019-04492-7 

[18] Tadokoro T, Morishita A, Himoto T, Masaki T. Nutritional Support for Alcoholic Liver Disease. 

Nutrients. 2023 Mar 10;15(6):1360. doi: 10.3390/nu15061360. 

[19] Kamran U, Towey J, Khanna A, Chauhan A, Rajoriya N, Holt A. Nutrition in alcohol-related liver 

disease: Physiopathology and management. World J Gastroenterol. 2020 Jun 14;26(22):2916-

2930. doi: 10.3748/wjg.v26.i22.2916. 

[20] Chen W, Zhang M, Chen C, Pang X. Prognostic Nutritional Index and Neutrophil/Lymphocyte 

Ratio Can Serve as Independent Predictors of the Prognosis of Hepatocellular Carcinoma 

Patients Receiving Targeted Therapy. Journal of Oncology [Internet]. 2022 Aug 

11;2022:e1389049. doi: 10.1155/2022/1389049 

[21] Caputo F, Dadduzio V, Tovoli F, Bertolini G, Cabibbo G, Cerma K, et al. The role of PNI to predict 

survival in advanced hepatocellular carcinoma treated with Sorafenib. PloS one [Internet]. 2020 

Jan 1 [cited 2023 Aug 7];15(5):e0232449. Available from: 

https://europepmc.org/article/med/32379785. doi: 10.1371/journal.pone.0232449 

[22] García-Rodríguez MT, López-Calviño B, Piñón-Villar M del C, Otero-Ferreiro A, Suárez-López F, 

Gómez-Gutiérrez M, et al. Concordance among methods of nutritional assessment in patients 

included on the waiting list for liver transplantation. Journal of Epidemiology [Internet]. 

2017;27(10):469–75. doi: 10.1016/j.je.2016.09.011 

[23] Shergill R, Syed W, Rizvi SA, Singh I. Nutritional support in chronic liver disease and cirrhotics. 

World Journal of Hepatology. 2018;10(10):685-694. doi: 10.4254/wjh.v10.i10.685 

[24] Miyasato Y, Hanna RM, Morinaga J, Mukoyama M, Kalantar-Zadeh K. Prognostic Nutritional 

Index as a Predictor of Mortality in 101,616 Patients Undergoing Hemodialysis. Nutrients. 2023; 

                  



15(2):311. doi: 10.3390/nu15020311 

[25] Kurtul BE, Koca S, Yilmaz MO. Prognostic nutritional index as a novel marker for diabetic 

retinopathy in individuals with type 2 diabetes mellitus. Saudi J Ophthalmol. 2022 Oct 

14;36(3):322-326. doi: 10.4103/sjopt.sjopt_63_22 

[26] Ferreira AF, Fernandes T, Carvalho MdC, Loureiro HS. The Prognostic Role of Prognostic 

Nutritional Index and Controlling Nutritional Status in Predicting Survival in Older Adults with 

Oncological Disease: A Systematic Review. Onco. 2024; 4(2):101-115. doi: 10.3390/onco4020009 

[27] Qi Q, Song Q, Cheng Y, Wang N. Prognostic Significance of Preoperative Prognostic Nutritional 

Index for Overall Survival and Postoperative Complications in Esophageal Cancer Patients. 

Cancer Manag Res. 2021 Nov 16;13:8585-8597. doi: 10.2147/CMAR.S333190.  

[28] Serón-Arbeloa C, Labarta-Monzón L, Puzo-Foncillas J, Mallor-Bonet T, Lafita-López A, Bueno-

Vidales N, et al. Malnutrition screening and assessment. Nutrients. 2022 Jun;14(12):2392. doi: 

10.3390/nu14122392 

[29] Reuter B, Shaw J, Hanson J, Tate V, Acharya C, Bajaj JS. Nutritional assessment in inpatients with 

cirrhosis can be improved after training and is associated with lower readmissions. Liver 

Transplantation. 2019 Jul;25(12):1790-1799. doi: 10.1002/lt.25602 

[30] Booi AN, Menendez J, Norton HJ, Anderson WE, Ellis AC. Validation of a Screening Tool to 

Identify Undernutrition in Ambulatory Patients With Liver Cirrhosis. Nutrition in Clinical Practice. 

2015 May 29;30(5):683–9. doi: 10.1177/0884533615587537 

[31] McFarlane M, Hammond C, Roper T, Mukarati J, Ford R, Burrell J, et al. Comparing assessment 

tools for detecting undernutrition in patients with liver cirrhosis. Clinical nutrition ESPEN 

[Internet]. 2018 Feb 1;23:156–61. doi: 10.1016/j.clnesp.2017.10.009 

[32] Tandon P, Raman M, Mourtzakis M, Merli M. A practical approach to nutritional screening and 

assessment in cirrhosis. Hepatology. 2017 Dec;65(3):1044-1057. doi: 10.1002/hep.29003 

[33] Buzby, GP, Mullen, JL, Matthews, DC, Hobbs, CL, Rosato, EF. Prognostic nutritional index in 

gastrointestinal surgery. The American Journal of Surgery. 1980 Jan;139(1): 160-167. doi: 

10.1016/0002-9610(80)90246-9 

[34] Shi WK, Zhang XH, Zhang J, Yu M, Yuan YJ, Xiong W, et al. Predictive ability of prognostic 

nutritional index in surgically resected gastrointestinal stromal tumors: a propensity score 

matching analysis. Japanese Journal of Clinical Oncology. 2019 Sep 1;49(9):823-831. doi: 

10.1093/jjco/hyz078 

[35] Cheng YL, Sung SH, Cheng HM, Hsu PF, Guo CY, Yu WC, et al. Prognostic Nutritional Index and 

the Risk of Mortality in Patients With Acute Heart Failure. J Am Heart Assoc. 2017 Jun;6(6):1-9. 

doi: 10.1161/JAHA.116.004876. 

                  



[36] Zhao J, Liu K, Li S, Gao Y, Zhao L, Liu H, et al. Prognostic nutritional index predicts clinical 

outcomes in patients with cerebral venous sinus thrombosis. BMC neurology. 2021 

Oct;21(1):404. doi: 10.1186/s12883-021-02436-w 

[37] Wei W, Wu X, Jin C, Mu T, Gu G, Min M, et al.  Predictive Significance of the Prognostic 

Nutritional Index (PNI) in Patients with Severe COVID-19. Journal of Immunology Research. 2021 

Jul;2021:1-11. doi: 10.1155/2021/9917302 

[38] Wang Z, Wang Y, Zhang X, Zhang T. Pretreatment prognostic nutritional index as a prognostic 

factor in lung cancer: Review and meta-analysis. Clinica chimica acta. 2018 Nov;486:303-310. 

doi: 10.1016/j.cca.2018.08.030 

[39] Lai JC, Tandon P, Bernal W, Tapper EB, Ekong U, Dasarathy S, et al. Malnutrition, frailty, and 

sarcopenia in patients with cirrhosis: 2021 practice guidance by the American Association for the 

Study of Liver Diseases. Hepatology. 2021 Sep;74(3):1611-1644. doi: 10.1002/hep.32049 

[40] Yoshiji H, Nagoshi S, Akahane T, Asaoka Y, Ueno Y, Ogawa K, et al. Evidence-based clinical 

practice guidelines for liver cirrhosis 2020. Journal of gastroenterology. 2021 Jul;56(7):593-619. 

doi: 10.1007/s00535-021-01788-x 

[41] Wang H, Mehal W, Nagy LE, Rotman Y. Immunological mechanisms and therapeutic targets of 

fatty liver diseases. Cellular & Molecular Immunology. 2020 Dec;18(1):73-91. doi: 

10.1038/s41423-020-00579-3 

[42] Shojaie L, Iorga A, Dara, L. Cell death in liver diseases: a review. International Journal of 

Molecular Sciences. 2020 Dec;21(24), 9682. doi: 10.3390/ijms21249682 

[43] Bernardi M, Angeli P, Claria J, Moreau R, Gines P, Jalan R, et al. Albumin in decompensated 

cirrhosis: new concepts and perspectives. Gut. 2020 Jun; 69(6), 1127-1138. doi: 10.1136/gutjnl-

2019-318843 

[44] Baldassarre M, Naldi M, Zaccherini G, Bartoletti M, Antognoli A, Laggetta M, et al. Determination 

of effective albumin in patients with decompensated cirrhosis: Clinical and prognostic 

implications. Hepatology. 2021 Oct; 74(4), 2058-2073. doi: 10.1002/hep.31798 

[45] Eckart A, Struja T, Kutz A, Baumgartner A, Baumgartner T, Zurfluh S, et al. Relationship of 

Nutritional Status, Inflammation, and Serum Albumin Levels During Acute Illness: A Prospective 

Study. The American Journal of Medicine. 2020 Jun;133(6):713-722. doi: 

10.1016/j.amjmed.2019.10.031 

 

  

                  



Figure 1: Distribution of Nutritional Prognostic Index (NPI) scores in patients with advanced Chronic 

Liver Disease (ACLD), according to (a) Child-Pugh classification, (b) Meld score, and (c) survival at 12 

months. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Receiver operating characteristic (ROC) area under the curve (AUC) for the assessment of 

nutritional risk utilising the Nutritional Prognostic Index (NPI) in the patients with advanced chronic 

liver disease (ACLD) included in the present investigation, considering the Royal Free Hospital-

Nutritional Prioritizing (RFH-NPT) as reference. 
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Table 1: Demographic and clinical characterization of patients with advanced chronic liver 

disease (ACLD) included in the present investigation. 

Variable  Total (n= 120) 

Age (years) (median/IQR)* 56 (50-63) 

Male sex (n/%) 84 (70) 

Child-Pugh A (n/%) 10 (8.3) 

Child-Pugh B & C (n/%) 110 (91.7) 

Child-Pugh score (median/IQR)* 9 (7-10) 

Model for End-stage Liver Disease 

(median/IQR)* 14 (11-18) 

< 15 (n/%) 65 (57.02) 

≥ 15 (n/%) 49 (42.98) 

Aetiology (n/%)  

Alcoholic  57 (50.9) 

Viral  22 (19.6) 

Other  33 (29.5) 

Complications (n/%)  

Portal Hypertension Syndrome   100 (87) 

Ascites  97 (81.5) 

Hepatic Encephalopathy 27 (22.5) 

Hepatocellular Carcinoma 15 (12.5) 

RFH-NPT Classification (n/%)  

High nutritional risk  101 (84.2) 

Moderate nutritional risk  10 (8.3) 

Low nutritional risk  9 (7.5) 

Nutritional Prognostic Index (mean ± SD)** 34.6 ± 6.8 

Total Bilirubin (mg/dL)* 1.8 (1.1-3.9) 

Lymphocyte (mm³)* 1093.6 (725.2-1728.3) 

Albumin (mg/dL) (median/IQR)* 2.8 (2.4-3.2) 

C-Reactive Protein (mg/dL)* 16.5 (6.3-37.6) 

International Normalized Ratio (INR)* 1.3 (1.1-1.6) 

Urea (mg/dL)* 35 (31.5-48.5) 

Creatinine (mg/dL)* 0.9 (0.7-1.3) 

 

*median and interquartile range (IQR P25th-P75th); **mean ± standard deviation of the 

mean. Other data were expressed in absolute (n) and relative (%) numbers. Abbreviations: 

RFH-NPT - Royal Free Hospital Nutrition Prioritizing Tool; NPI - Nutritional Prognostic 

Index. 
  

                  



Table 2: Agreement analysis of nutritional risk classification between the Nutritional 

Prognostic Index (NPI) and the Royal Free Hospital-Nutritional Prioritizing Tool (RFH-NPT) 

in the patients with advanced chronic liver disease (ACLD included in the present 

investigation. 

 

NPI RFH-NPT    

 Low and medium 

risk 

High risk Total Kappa 

(K)* 

p-

value** 

< 41 10 (8.3%) 89 (74.2%) 99 (82.5%)   

0.000 ≥ 41 9 (7.5%) 12 (10.0%) 21 (17.5%) 0.34 

Total 19 101 120   

* Cohen's Kappa Index; ** Kappa significance test. NPI: Nutritional Prognostic Index; RFH-

NPT: Royal Free Hospital Nutrition Prioritizing Tool. 

 

Table 3: Association between the Nutritional Prognostic Index (NPI) and 12-month mortality 

in the patients with advanced chronic liver disease (ACLD) included in the present 

investigation. 

 

NPI Mortality   

 Yes  No Total* p-

value** 

< 41 44 (91.7%) 48 (75%) 92 (82.1%)  

0.023 ≥ 41 4 (8.3%) 16 (25%) 20 (17.5%) 

Total 48 64 112  

NPI- Nutritional Prognostic Index; *excludes transplanted individuals (n=8); **chi-square 

test. 
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