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Abstract
BACKGROUND
[bookmark: _Hlk51862953]Malnutrition in cirrhotic patients is correlated with mortality and a better response to liver transplantation. However, recovery of the nutritional status in these patients is a challenge due to the difficulty in establishing a reliable nutritional diagnosis. The bioelectrical impedance vector analysis (BIVA) method appears as a feasible tool in clinical practice to define the physiological state of cirrhotic patients by assessing hydration and body cellularity.

AIM
To evaluate body composition in cirrhotic patients using BIVA.

METHODS
This retrospective cross-sectional study was carried out by following cirrhotic outpatients at a hospital in Porto Alegre, Brazil. A tetrapolar bioelectrical impedance analysis device was used to evaluate cellularity and hydration and to perform the BIVA. The BIVA graphic was elaborated by software and for statistical analysis a significance level of 5% (P ≤ 0.05) was considered.

RESULTS
One hundred and ninety patients, 61.1% males, with a mean age of 56.6 ± 11.0 years, were evaluated. Of these, 56.3% had Child-Turcotte-Pugh (CTP) A score, and the prevalent etiology was hepatitis C virus (47.4%). The patients were classified according to cellularity and hydration by the quadrants and ellipses of the BIVA method, quadrant 1 (47.9%); quadrant 2 (18.9%); quadrant 3 (14.2%); and quadrant 4 (18.9%). Those classified in quadrant 1 and 2 had a higher phase angle compared to those in quadrants 3 and 4 (P < 0.001). Quadrant 2 patients had a lower average age than the other groups. The association with CTP score showed that patients in quadrant 2 had a higher proportion of CTP A, and those in quadrant 4 had a higher proportion of CTP C (P < 0.052).

CONCLUSION
The BIVA method allows identification of the cellularity and hydration status of cirrhotic patients, and its association with clinical factors determines the disease severity, age and prognostic index.
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Core Tip: Using the bioelectrical impedance vector analysis method, it is feasible in clinical practice to identify hydration and cellularity status in patients with liver cirrhosis, regardless of their etiology. This tool allows health professionals to establish an effective treatment for these patients with the objectives of clinical improvement, a better quality of life and better response to orthotopic liver transplantation.

INTRODUCTION
One of the main clinical complications of liver cirrhosis is protein-calorie malnutrition, which has a prevalence ranging from 10% to 100%, regardless of the stage and etiology of the disease. It has been observed in different studies that the general prognosis of the disease worsens in the presence of malnutrition, contributing negatively to the quality of life of patients[1-7].
The evaluation of body composition in cirrhotic patients is a challenge, as there is no recognized gold standard. Anthropometric measurements are non-invasive and low-cost methods, but they can be impaired by changes in hydration status (ascites and edema) and have moderate reliability due to interobserver variation[6,8]. Among the most frequently used methods for assessing body composition, electrical bioimpedance (BIA) is capable of providing information on lean mass and fat mass through the parameters of electrical current of tissues, resistance (R) and reactance (Xc), which help to identify the functionality and integrity of cell membranes[9].
Using R and Xc, the phase angle (PA), a marker of the nutritional status independent of the device’s pre-established formulas can be calculated, where the patient’s hydration, for example in cirrhotic patients, could generate estimation errors. In addition, PA values have been shown to be an excellent prognostic index in several clinical conditions[6,10-15]. The BIA can further provide angular vectors of alterations in body fluid levels and cellularity of the patient, and this method is known as bioelectrical impedance vector analysis (BIVA)[16-18].
The PA provides us with a large amount of data that, analyzed in a specific way, with specific statistical programs, allows new analyses of body composition to deepen our knowledge. BIVA uses graphic vectors for the analysis of BIA data, where impedance is plotted as a vector by its components R (X axis) and Xc (Y axis) after standardization by weight[11,12,18].
The electrical properties of the tissues (R and Xc) must be standardized by sex and race, with their tolerance intervals, in relation to a given population. The resulting graph provides ellipses of tolerance, i.e., 50%, 75% and 95% percentiles (confidence intervals) that are divided into quadrants that represent groups of patients with more or less hydration, more or less cellularity. The advantage of this method is that it allows simultaneous information on changes in body hydration or soft tissue mass, regardless of body weight. Thus, BIVA is able to correctly interpret, even if the patient is extremely heavy, the distribution of water volume in different diseases, and assess the general composition of the body[19-21].
To date, no studies have analyzed body composition regarding hydration and cellularity in cirrhotic patients using the BIVA method. Therefore, the main objective of this study was to evaluate the results of BIVA regarding hydration and cellularity, and compare them with the PA and other clinical parameters in cirrhotic patients.

MATERIALS AND METHODS
Population
This was a retrospective cross-sectional study with data collected between May 2007 and December 2015, at the Santa Casa de Misericórdia Hospital Complex in Porto Alegre, RS, Brazil.
A total of 224 patients with cirrhosis undergoing outpatient follow-up were included in the data collection. Of these, 34 were excluded due to incomplete data and 190 patients were included in the final analysis. The etiology of cirrhosis was as follows: Hepatitis C virus (HCV), hepatitis B virus, alcohol, autoimmune, non-alcoholic fatty liver disease, cryptogenic or cholestatic disease, and some patients had two concomitant etiologies.

Clinical evaluation
Data on age, gender, socioeconomic status, social history (smoking and alcohol consumption), and chronic diseases were obtained. In addition to the anamnesis, data on the etiology of cirrhosis, staging of the disease, medications used, complementary examinations, laboratory, imaging or anatomopathological data were obtained.

Body mass and height
Body mass measurement was verified by the Filizola® scale, with a scale of 100 g, previously calibrated. The patients were measured wearing light clothing and barefoot. Height was determined with a fixed stadiometer on the wall, with the patient standing erect and barefoot.

Evaluation by BIA
The BIA evaluation was performed in the outpatient department, without previous specific preparation for fasting. The patients were evaluated in a comfortable dorsal decubitus position and relaxed, without shoes, socks and metallic fittings. According to the procedure, the legs were spread apart, hands open and supported on the stretcher. Skintak® electrodes were used as follows: One electrode was placed at the base of the middle toe on the right foot and another electrode slightly above the line of the ankle joint between the medial and lateral malleoli. Another pair of electrodes was distributed at the base of the middle finger of the right hand, and slightly above the line of the right wrist joint, coinciding with the styloid process.
The device used was Biodynamics®, model 450, with an electric current intensity of 800 µA and frequency of 50 kHz. Nominal voltage was 8.4 V, with a rated capacity of 600 mA/h. The amplitude of R was 200-1500 Ω, with a resolution of 0.1 Ω and accuracy of 0.1%. The amplitude of Xc was 0-300 Ω, the resolution was 0.1 Ω and the precision was 0.2%. The unit also had a 0°-20° PA amplitude, 0.1° resolution and 0°-2° accuracy.

PA
The PA was automatically provided by the equipment from the values of R and Xc. PA was classified according to the cut-off point of 5.4°, based on the reference parameters of the study by Fernandes et al[6] and Selberg et al[22], in which values below this point are considered predictive of a bad prognosis, and the values above are predictive of a good prognosis.

BIVA
In this method, the raw measures of the BIA (R and Xc) are used graphically, standardized by height in meters, and plotted as vector bivariate points, with their confidence and tolerance intervals, which are ellipses in the graphical plane RXc. The method is based on the analysis of the bivariate distribution of vector impedance in a healthy population. Graph RXc can be observed with the tolerance intervals of 50%, 75% and 95% of the impedance value (i.e., the ellipses containing the vector values and the probabilities of 50%, 75% and 95%)[19-21].
The upward or downward displacement of vectors in the direction of the largest axis (h) of the ellipse indicates progressive change in tissue hydration (dehydration towards the upper pole, hyperhydration with apparent edema toward the lower pole). Vectors migrating towards the lower axis (c) above, to the left, indicate more body cell mass and below, to the right, less body cell mass[19].
BIVA measurement points were determined for each quadrant, considering areas between the h and c axes, according to body conditions (hydration and cellularity), being classified as: Quadrant 1 (Q1): More cellularity, more hydration; quadrant 2 (Q2): More cellularity, less hydration; quadrant 3 (Q3): Less cellularity, less hydration; and quadrant 4 (Q4): Less cellularity, more hydration (Figure 1).

Statistical analysis
Quantitative variables were described by the mean ± SD and categorical variables by absolute and relative frequencies. One-way ANOVA was used to compare the means, complemented by the Tukey’s test. In the comparison of proportions, the Chi-square test was applied along with the analysis of the adjusted residuals. For control of confounding factors, the Poisson regression analysis was applied to the factors that presented a P < 0.10 in the bivariate analysis.
The significance level adopted was 5% (P ≤ 0.05) and the analyses were performed using the SPSS program version 21.0.

RESULTS
A total of 190 patients with a mean age of 56.6 ± 11.0 years were evaluated. Sixty-one percent of the patients were male. Of these, 56.3% had Child-Turcotte-Pugh (CTP) A score, and the most prevalent etiology was HCV (47.4%). The characteristics of the studied population are presented in Table 1.
A significant association (P = 0.025) between etiology and CTP score was observed, with CTP A more prevalent in patients with an etiology related to alcohol. Also, patients with HCV + alcohol etiology had a higher prevalence of CTP C (Figure 2).
The patient sample was plotted on the RXc chart and classified by BIVA quadrants, according to hydration and cellularity (Figure 3).
The patients were evaluated by the BIVA method in relation to age, sex, disease staging (CTP score), etiology and PA (Table 2). The Q2 patients had a lower mean age than those in the other quadrants (P < 0.001). Patients classified in Q1 and Q2 had higher PA than those in Q3 and Q4 (P < 0.001).
There was an association between the BIVA quadrants and CTP classification. The patients classified in Q2 had a significantly higher proportion of CTP A than the other quadrants. In addition, Q4 patients had a significantly higher CTP ratio than those in the other quadrants.
The association between staging and the CTP score according to the different BIVA quadrants is plotted on the BIVA graph (Figure 4).
Graphical representation of the BIVA shows the distribution of the patients evaluated according to staging of the disease. According to the CTP score, more severe disease was observed in Q4, using the prognosis by the PA values; the opposite was observed in Q2 (P < 0.002).
The sample showed an association between the BIVA quadrants and prognosis, using the PA values. There was a statistically significant association between the BIVA and PA classifications (P < 0.002), with the values of PA corresponding to a better prognosis in Q1 and Q2 (P < 0.007).
The population was evaluated according to age group in relation to PA, BIVA quadrants, gender, disease staging (CTP score) and etiology (Table 3). It was observed that PA was significantly lower in patients aged 50 years or older when compared to those younger than 40 years. Patients younger than 40 years also showed an association with BIVA Q2, and these same patients had a higher prevalence of other etiologies (Table 3).
When adjusted for age, patients with the etiology related to HCV + alcohol had a significantly higher prevalence of being classified as CTP C [hazard rate (HR) = 2.28, 95%CI: 1.12-4.67, P = 0.024] when compared to patients with HCV only. Also, patients with alcohol-related etiology had a 31% higher prevalence of CTP A when compared to those with HCV (HR = 1.31, 95%CI: 1.01-1.71, P = 0.044). When adjusted for age, CTP C patients had a 17% higher prevalence of being in Q4 by BIVA (HR = 1.17, 95%CI: 1.04-1.33, P = 0.012) when compared to Child A patients. The prevalence of bad prognosis by PA was approximately 5 times higher in patients classified in quadrants 3 (HR = 4.47, 95%CI: 2.70-7.40, P < 0.001) and 4 (HR = 5.64, 95%CI: 3.54-8.97, P < 0.001) when compared to patients in quadrants 1 and 2. When adjusted for age and CTP, the effect measures did not change in quadrants 3 (HR = 4.18, 95%CI: 2.51-6.97, P < 0.001) and 4 (HR = 5.01, 95%CI: 3.10-8.10, P < 0.001).
There was a statistically significant association between the classification of PA and CTP score (P < 0.001). Patients with CTP A were associated with a good prognosis and were classified in quadrants 1 and 2, and patients with CTP C had a bad prognosis and were classified in quadrants 3 and 4 (Table 4).

DISCUSSION
The evaluation of body composition in cirrhotic patients presents some difficulties in measurement due to its peculiarities, and relevant studies suggest that there is no gold standard for diagnosing clinical conditions, such as malnutrition, in these patients.
In the present study of adult cirrhotic patients, a higher proportion of males was observed, which was in accordance with previous studies[23]. With regard to the classification of CTP, there is a stepwise progression of CTP A, B and C, and because these were outpatients, there was a greater number of CTP A and B than CTP C patients. The etiology of cirrhosis in this study was predominantly due to HCV, alcohol, and HCV associated with alcohol, and was a regional peculiarity, and may differ from other geographical locations[6].
According to the BIVA, it was possible to differentiate patients according to the disease stage. Younger patients in the sample (50.3 ± 14.3 years) were less hydrated and had more cellularity (Q2), according to the BIVA, and with a greater number of patients classified as CTP A presenting higher values of PA, reflecting a better prognosis. On the other hand, patients classified as more hydrated (water retention) and with lower cellularity (Q4) were older (61.6 ± 8.9 years), mostly with CTP C and with lower PA, and a possible association between greater severity and bad prognosis.
The BIVA has been studied in several clinical situations in an attempt to understand the human body composition in relation to hydration and cellularity alterations, such as heart failure, compensated cirrhosis, hemodialysis, chronic obstructive pulmonary disease and cancer[12,17,24-26]. Norman et al[9] established that the BIVA method reflects the actual state of hydration and composition of the cell mass, recognizing its importance in the evaluation and monitoring of possible modifications of body composition. This method has become an important tool in the management of cirrhotic patients.
The use of the BIVA method to determine the status of body fluids is well established in the literature and has been gaining prominence in the management of several diseases[26]. A classic example where the BIVA method can be used systematically is in the assessment of body fluids of patients the in intensive care unit (ICU), mainly with the diagnosis of acute kidney injury (AKI), which is associated with increased mortality due to the disturbance in water balance[27]. In the study by Hise et al[28] which evaluated critically ill patients with AKI using the BIVA method, it was observed that the survivors presented vectors of longer and steeper groups, characterized by higher values of R and Xc (P < 0.05).
When the patients were plotted according to the clinical classification of CTP, it was possible to conclude that CTP A patients had higher cellularity and lower hydration, with PA values indicating a good prognosis. It was also possible to identify that patients with CTP C were more prevalent in Q4 and had a bad prognostic value assessed by PA (P < 0.001). These data corroborate with the findings of Fernandes et al[6], in which the PA was associated with staging of the disease via the CTP score.
Guglielmi et al[29] evaluated 810 cirrhotic patients with different etiologies using the BIVA method and compared them with a control group of 208 healthy individuals, and showed differences in hydration between the two groups. Similar findings were observed in the present study, where higher hydration status was associated with patients who had decompensated cirrhosis. On the other hand, the above controlled study did not evaluate the participants’ cellularity.
The mean PA in this sample was 6.06 ± 2.20, similar to the findings of Fernandes et al[6] and Selberg et al[22], where values below 5.4° were characterized as having a poor prognosis. When we analyzed the patients divided into two groups according to the PA cut-off point of 5.4°, differences were observed between the two groups, with younger patients, males and those with CTP A having a good prognosis, which may be indicative of the absence of sarcopenia in this population. Sarcopenia is characterized by progressive loss of skeletal muscle mass and strength, negatively influencing body homeostasis associated with functional limitations and morbidity and mortality[30,31].
Studies have shown that PA is a good prognostic indicator in severe clinical situations[6,10-14]. Gupta et al[10] demonstrated that PA was a more potent indicator of survival than traditional nutritional assessment parameters, such as albumin, prealbumin and transferrin in patients with advanced pancreatic cancer, and showed that the cut-off point for PA was 5.0°. In a similar study of patients with advanced lung cancer, the patients were stratified using a cut-off point for PA of 4.5°[11]. Alves et al[12], in a study of chronic heart failure, identified that the BIVA method associated with PA was capable of identifying significant changes in the hydration state during the acute decompensation phase of the disease.
Stapel et al[32] when assessing 196 patients in the ICU showed that patients with higher PA had a lower 90-day mortality rate than those patients with a low PA (5.0° ± 1.3° vs 4.1° ± 1.2°, P < 0.001). It is important to highlight that BIA was performed within 24 h of the patient’s admission to the ICU, clearly showing that PA reflects the patient’s physiological status (catabolism) and can be classified as a biological marker, as described by Marroni et al [15]
Ruiz-Margáin et al[17], in a pilot study of patients with compensated cirrhosis, the cut-off point for PA of 4.9° was established, indicating this bad prognostic factor is an independent risk factor of mortality. Belarmino et al[33] obtained similar findings in a study of cirrhotic patients using the PA cut-off of ≤ 4.9° established by Ruiz-Margáin et al[17], and observed that PA is an independent prognostic factor associated with mortality, and identified associations with poorer metabolic profiles, nutrition and disease progression. However, these two studies did not evaluate cellularity and body fluid in cirrhotic patients; thus, clinical and nutritional behaviors were not assessed early.
There are some limitations in the present study, such as the use of an Italian population as a reference, and the Piccoli Software[19] to calculate the BIVA, as there are no data available for the Brazilian population. The population in the study region suffered great miscegenation, having a high Italian genetic component and therefore we believe that it does not significantly compromise the results.
BIVA offers advantages over traditional methods in evaluating body composition, due to its non-invasive nature and simplicity. BIVA has a methodological advantage over traditional BIA calculations due to its independence from regression equations. In addition, BIVA can facilitate longitudinal assessment of changes in body composition over time. These properties are useful for assessing nutrition and hydration in cirrhotic patients, who are unable to tolerate more invasive assessment methods. This research demonstrates the potential of using published BIVA data for further analysis, especially in decompensated cirrhotic patients.
The evaluation at different points in the disease trajectory can demonstrate changes in body composition over time. Our data demonstrate that body composition appears to be related to the clinical status of cirrhotic patients.
The main limitation of this study is that nutritional screening tools were not used, which makes it difficult to compare the nutritional basis. Therefore, our ability to assess how BIVA relates to nutritional status is limited.
A small number of studies were evaluated in this analysis, which only included English language studies, and it is possible that studies using BIVA in different cultural contexts have been excluded. There are challenges in using the BIVA method correctly when there is variability in how reference populations are chosen. The BIVA method does not provide quantitative data on body composition variables; therefore, stratification is required, according to clinical variables of BIVA data to determine clinically significant outcomes.
As already mentioned, evaluations of BIA were performed in clinical medical consultations, and not performed with the recommended preparation for the use of BIA. However, as the results of this study do not depend on pre-established formulas of the apparatus, where hydration is a limiting factor, we believe that this did not influence the results.

Implications for clinical and political practice
This study demonstrated the potential of using the BIVA method to perform comparative, multigroup analyses of body composition, to compare differences in cirrhotic patients according to the stage and type of disease. This has the potential to personalize therapeutic, nutritional and hydration interventions according to an individual’s physiology.
More studies are needed to recommend the BIVA method for routine clinical use, due to the limited number of studies using this method.

CONCLUSION
In conclusion, the BIVA method allows identification of the cellularity and hydration status of cirrhotic patients associated with clinical factors to determine the severity of the disease, such as age, staging and PA. The BIVA method is a new tool for evaluating the body composition of cirrhotic patients, especially in patients with asymmetry, allowing an early and specific nutritional assessment in each case, which will help to improve the clinical condition of these patients.

ARTICLE HIGHLIGHTS
Research background
One of the main clinical complications of liver cirrhosis is protein-calorie malnutrition, the prevalence of which can vary from 10% to 100%, regardless of the stage and etiology of the disease, but which negatively interferes with the general prognosis of the disease. Therefore, determining the behavior of body composition (cellularity and hydration) using the bioelectrical impedance vector analysis (BIVA) method, seems to be a promising method for improving the health of patients with liver cirhosis, expanding their life expectancy and quality of life.

Research motivation
There are few studies on the assessment of body composition and functioning in cirrhotic patients, which directly impacts the overall clinical management of these patients. We believe that with the BIVA method we can gain a new tool for analyzing body homeostasis in this population.

Research objectives
The aim of this study was to evaluate the results of the BIVA regarding hydration and cellularity, and compare them with the phase angle and other clinical parameters in cirrhotic patients.

Research methods
This was a retrospective cross-sectional study with data collected between May 2007 and December 2015, at the Santa Casa de Misericórdia Hospital Complex in Porto Alegre, RS, Brazil. The data obtained were related to the protocol for routine pre- and postoperative care at the service’s outpatient clinic. Quantitative variables were described by the mean and standard deviation and the categorical variables by absolute and relative frequencies. One-way ANOVA was used to compare the means, complemented by Tukey’s test. In the comparison of proportions, the Chi-square test was applied along with the analysis of adjusted residuals. For control of confounding factors, the Poisson regression analysis was applied to the factors that presented a P < 0.10 in the bivariate analysis.

Research results
A total of 190 patients with cirrhosis undergoing outpatient follow-up were included for data collection. The BIVA method showed an association with the staging of cirrhosis, showing worsening of cellularity (integrity and functionality) and worsening of the hydroelectrolytic distribution in patients with greater disease severity.

Research conclusions
The BIVA method makes it possible to identify the cellularity and hydration status of cirrhotic patients, being associated with clinical factors that determine the severity of the disease, such as age, staging and PA.

Research perspectives
The BIVA method is a new tool for evaluating body composition in cirrhotic patients, especially in those with asymmetry, allowing an early and specific nutritional assessment in each case, and helps to improve the clinical condition of these patients.
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Figure Legends
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Figure 1 Graphic representation of bioelectrical impedance vector analysis by quadrants and ellipses, according to body conditions.
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Figure 2 Association between etiology and the Child-Turcotte-Pugh score. Others refer to hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic. HCV: Hepatitis C virus.
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Figure 3 Bioelectrical impedance vector analysis - sample distribution.
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[bookmark: _Hlk54604118][bookmark: _Hlk54604145]Figure 4 Classification of bioelectrical impedance vector analysis quadrants associated with Child-Turcotte-Pugh classification. A: Bioelectrical impedance vector analysis (BIVA) - patients plotted in quadrant 1; B: BIVA - patients plotted in quadrant 2 - higher proportion of Child-Turcotte-Pugh A; C: BIVA - patients plotted in quadrant 3; D: BIVA - patients plotted in quadrant 4 - greater proportion of Child-Turcotte-Pugh C (P < 0.002). Z: Score; (R): Resistance; (Xc): Reactance.

Table 1 Characteristics of the patients included
	Variables1
	Total sample (n = 190)

	Age (yr)
	56.6 ± 11.0

	Gender
	

	Male
	116 (61.1)

	Female
	74 (38.9)

	Child-Turcotte-Pugh
	

	A
	107 (56.3)

	B
	48 (25.3)

	C
	35 (18.4)

	Etiology
	

	HCV
	90 (47.4)

	Alcohol
	51 (26.8)

	HCV + alcohol
	21 (11.1)

	Other2
	28 (14.7)

	Phase angle
	6.06 ± 2.20


1Described by mean ± SD or n (%); 2Indicates hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic. HCV: Hepatitis C virus.

Table 2 Characteristics of the patients according to the bioelectrical impedance vector analysis method, related to age, sex, staging (Child-Turcotte-Pugh score), etiology and phase angle
	Variables1
	Total sample (n = 190)
	Classification quadrants - BIVA

	
	
	Q1 (n = 91 47.9%)
	Q2 (n = 36 18.9%)
	Q3 (n = 27 14.2%)
	Q4 (n = 36 18.9%)
	P value

	Age (yr) 
	56.6 ± 11.0
	56.8 ± 9.64
	50.3 ± 14.33
	57.7 ± 9.24
	61.6 ± 8.94
	< 0.001

	Gender 
	
	
	
	
	
	0.642

	Male
	116 (61.1)
	54 (59.3)
	20 (55.6)
	17 (63.0)
	25 (69.4)
	

	Female
	74 (38.9)
	37 (40.7)
	16 (44.4)
	10 (37.0)
	11 (30.6)
	

	Child-Turcotte-Pugh
	
	
	
	
	
	0.052

	A
	107 (56.3)
	52 (57.1)
	27 (75.0)
	13 (48.1)
	15 (41.7)
	

	B
	48 (25.3)
	25 (27.5)
	5 (13.9)
	9 (33.3)
	9 (25.0)
	

	C
	35 (18.4)
	14 (15.4)
	4 (11.1)
	5 (18.5)
	12 (33.3)
	

	Etiology
	
	
	
	
	
	0.380

	HCV
	90 (47.4)
	45 (49.5)
	16 (44.4)
	13 (48.1)
	16 (44.4)
	

	Alcohol
	51 (26.8)
	29 (31.9)
	7 (19.4)
	7 (25.9)
	8 (22.2)
	

	HCV + alcohol
	21 (11.1)
	6 (6.6)
	4 (11.1)
	4 (14.8)
	7 (19.4)
	

	Other2
	28 (14.7)
	11 (12.1)
	9 (25.0)
	3 (11.1)
	5 (13.9)
	

	Phase angle
	6.06 ± 2.20
	6.49 ± 2.444
	7.30 ± 2.124
	5.07 ± 0.673
	4.46 ± 0.703
	< 0.001


1Described by mean ± SD or n (%); 2Indicates hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic; 3Numbers with superscript 3 do not differ statistically at 5% significance by Tukey’s test; 4Numbers with superscript 4 do not differ statistically at 5% significance by Tukey’s test. BIVA: Bioelectrical impedance vector analysis; HCV: Hepatitis C virus; Q1: Quadrant 1; Q2: Quadrant 2; Q3: Quadrant 3; Q4: Quadrant 4.

Table 3 Distribution of the sample by age group related to phase angle classification, bioelectrical impedance vector analysis quadrants, sex, Child-Turcotte-Pugh score and etiology
	Variables1
	Age (yr)

	
	20-39 (n = 11 5.8%)
	40-49 (n = 32 16.8%)
	50-59 (n = 66 34.7%)
	≥ 60 (n = 81 42.6%)
	P value

	PA
	7.67 ± 2.504
	6.68 ± 2.633, 4
	5.79 ± 1.613
	5.83 ± 2.293
	0.014

	PA classification
	
	
	
	
	0.007

	Good prognosis
	11 (100)5
	24 (75.0)
	43 (65.2)
	43 (53.1)
	

	Bad prognosis
	0 (0.0)
	8 (25.0)
	23 (34.8)
	38 (46.9)5
	

	BIVA Quadrant classification 
	
	
	
	
	0.002

	Q1
	4 (36.4)
	15 (46.9)
	36 (54.5)
	36 (44.4)
	

	Q2
	7 (63.6)5
	8 (25.0)
	10 (15.2)
	11 (13.6)
	

	Q3
	0 (0.0)
	6 (18.8)
	5 (7.6)
	16 (19.8)
	

	Q4
	0 (0.0)
	3 (9.4)
	15 (22.7)
	18 (22.2)
	

	Gender
	
	
	
	
	0.162

	Male
	9 (81.8)
	22 (68.8)
	42 (63.6)
	43 (53.1)
	

	Female
	2 (18.2)
	10 (31.3)
	24 (36.4)
	38 (46.9)
	

	Child-Turcotte-Pugh
	
	
	
	
	0.194

	A
	9 (81.8)
	18 (56.3)
	31 (47.0)
	49 (60.5)
	

	B
	2 (18.2)
	8 (25.0)
	17 (25.8)
	21 (25.9)
	

	C
	0 (0.0)
	6 (18.8)
	18 (27.3)
	11 (13.6)
	

	Etiology
	
	
	
	
	0.030

	HCV
	1 (9.1)
	14 (43.8)
	34 (51.5)
	41 (50.6)
	

	Alcohol
	3 (27.3)
	9 (28.1)
	16 (24.2)
	23 (28.4)
	

	HCV + alcohol
	1 (9.1)
	4 (12.5)
	6 (9.1)
	10 (12.3)
	

	Other2
	6 (54.5)5
	5 (15.6)
	10 (15.2)
	7 (8.6)
	


1Described by mean ± SD or n (%); 2Indicates hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic; 3Numbers with superscript 3 do not differ statistically at 5% significance by Tukey’s test; 4Numbers with superscript 4 do not differ statistically at 5% significance by Tukey’s test; 5Indicates statistically significant association by the test of the residuals adjusted to 5% of significance. PA: Phase angle; BIVA: Bioelectrical impedance vector analysis; Q1: Quadrant 1; Q2: Quadrant 2; Q3: Quadrant 3; Q4: Quadrant 4; HCV: Hepatitis C virus.

Table 4 Association of the classification of phase angle prognosis related to age, sex, staging (Child-Turcotte-Pugh) and etiology
	Variables1
	Classification PA – 5.4°
	P value

	
	Good prognosis (> 5.4°; n = 121)
	Bad prognosis (< 5.4°; n = 69)
	

	Age (yr) 
	54.2 ± 11.3
	60.9 ± 9.0
	< 0.001

	Gender
	
	
	0.040

	Male
	81 (66.9)
	35 (50.7)
	

	Female
	40 (33.1)
	34 (49.3)
	

	 Child-Turcotte-Pugh 
	
	
	< 0.001

	A
	81 (66.9)3
	26 (37.7)
	

	B
	26 (21.5)
	22 (31.9)
	

	C
	14 (11.6)
	21 (30.4)3
	

	Etiology
	
	
	0.060

	HCV
	51 (42.1)
	39 (56.5)
	

	Alcohol
	39 (32.2)
	12 (17.4)
	

	HCV + alcohol
	11 (9.1)
	10 (14.5)
	

	Other2
	20 (16.5)
	8 (11.6)
	


1Described by mean ± SD or n (%); 2Indicates hepatitis B virus, autoimmune, cholestatic disease, non-alcoholic fatty liver disease, and cryptogenic; 3Indicates association statistically significant by the test of the residuals adjusted to 5% of significance. PA: Phase angle; HCV: Hepatitis C virus.
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