
Nutrición
Hospitalaria

Nutr Hosp. 2016; 33(6):1268-1275 ISSN 0212-1611 - CODEN NUHOEQ S.V.R. 318

Trabajo Original Paciente crítico

Received: 19/02/2016
Accepted: 07/07/2016 Correspondence: 

Lúcia Leite Lais. Departamento de Nutrição. Campus 
Universitario. Lagoa Nova, 59078-900. Natal-RN, 
Brasil
e-mail: ludl10@hotmail.com

Vermeulen KM, Leal LLA, Furtado MCMB, Vale SHL, Lais LL. Phase Angle and Onodera’s Prognostic 
Nutritional Index in critically ill patients. Nutr Hosp 2016;33:1268-1275

DOI: http://dx.doi.org/10.20960/nh.770

Phase Angle and Onodera’s Prognostic Nutritional Index in critically ill patients
Ángulo de fase e índice de Onodera en pacientes críticamente enfermos

Karina Marques Vermeulen1, Leilane Lilian Araújo Leal1, Mariana Câmara Martins Bezerra Furtado2, Sancha Helena de Lima Vale3 and 
Lúcia Leite Lais3

1Multidisciplinary Residency Training Program and 2Section of Nutrition. Onofre Lopes University Hospital. Federal University of Rio Grande do Norte. Natal, Brazil. 
3Department of Nutrition. Federal University of Rio Grande do Norte. Natal, Brazil

Key words: 

Intensive care. Critical 
illness. Nutrition. 
Prognosis. 

Palabras clave: 

Cuidados intensivos. 
Enfermedad crítica. 
Nutrición. Pronóstico.

Resumen
Introducción: en los últimos años se ha valorado la evaluación de la gravedad y del pronóstico nutricional en pacientes críticos, por ser pará-
metros relacionados a la morbimortalidad y porteadores de conductas terapéuticas. 

Objetivo: verifi car el pronóstico nutricional mediante el Ángulo de Fase (AF) y el Índice de Pronóstico Nutricional de Onodera (OPNI) y su relación 
con la gravedad, con el tiempo de internación y con la mortalidad de pacientes críticos.

Métodos: estudio transversal descriptivo, incluyendo pacientes adultos, internados en Unidad de Terapia Intensiva (UTI). Fueron recabados 
datos en la historia clínica de los pacientes para cálculo de los indicadores de gravedad (APACHE II, SOFA y SAPS 3), y verifi cación del tiempo 
de internación y desenlace. Fue realizada la bioimpedancia para cálculo del AF, mediante datos de resistencia y reactancia. 

Resultados: se incluyeron 35 pacientes, con edad promedio de 55,5 ± 16,7 años, siendo 26% del sexo masculino y 74% del femenino. La 
tasa de mortalidad encontrada en el estudio (17%) fue semejante a aquella esperada por los indicadores de gravedad APACHE II y SOFA, pero 
superior a aquella esperada por el SAPS 3. Los valores promedios encontrados para el AF (4,2 ± 1,0) y el OPNI (38,7 ± 8,3) fueron inferiores a 
los valores de referencia adoptados. Aquellos con AF < 5,1 presentaron signifi cativamente menores valores de reactancia y albumina, mayores 
valores del APACHE II y del SOFA, y tuvieron mayor tiempo de internación y mortalidad. El AF se correlacionó inversamente con todos los indica-
dores de gravedad, pero lo contrario fue observado con el OPNI, no habiendo correlación entre estos dos indicadores de pronóstico nutricional. 

Conclusión: el AF es una herramienta confi able para evaluación del pronóstico nutricional en pacientes críticos. Por el contrario, se necesitan 
más estudios utilizando el OPNI con este tipo de pacientes.

Abstract
Introduction: Assessing severity and nutritional prognosis in critical patients has become increasingly important in recent years, since these 
parameters are related to morbidity/mortality and used to guide therapeutic options. 

Objective: Determine nutritional prognosis through the Phase Angle (PA) and Onodera’s Prognostic Nutritional Index (OPNI) and its relationship 
with severity, hospitalization time and mortality of critically ill patients. 

Methods: Descriptive cross-sectional study, involving adult patients hospitalized in an Intensive Care Unit (ICU). Data were collected from the 
patients’ medical records to calculate severity indicators (APACHE II, SOFA and SAPS 3) and determine the length of hospitalization and outcome. 
Bioimpedance was conducted to calculate the PA, using resistance and reactance data. 

Results: A total of 35 patients (26% men and 74% women), with mean age of 55.5 ± 16.7 years, were included. The mortality rate (17%) was 
similar to that expected by APACHE II and SOFA, but higher than that predicted by SAPS 3. The mean values for the PA (4.2 ± 1.0) and OPNI 
(38.7 ± 8.3) were lower than the reference values adopted. Individuals with PA < 5.1 exhibited signifi cantly lower reactance and albumin and 
higher APACHE II and SOFA values, in addition to longer hospitalization time and higher mortality. The PA was inversely correlated with all the 
severity indicators under study (APACHE II, SOFA and SAPS 3), and the length of hospitalization. By contrast, there was no correlation between 
OPNI and these parameters, or between PA and OPNI. 
Conclusion: The PA proved to be a good tool in assessing nutritional prognosis in critically ill patients. By contrast, more studies using the OPNI 
with this type of patients are needed. 
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INTRODUCTION

The Intensive Care Unit (ICU) is an area reserved for critically 
ill patients that require continuous specialized attention, and the 
specific materials and technologies needed for diagnosis, mon-
itoring and treatment (1). Critically ill patients generally suffer from 
catabolic stress resulting from a pre-existing systemic inflam-
matory state, correlated with higher morbidity, mortality, multiple 
organ dysfunction, use of mechanical ventilation and prolonged 
hospitalization (2). 

Recent years have seen an attempt to improve the classification 
of these patients as to severity, since this knowledge helps to 
determine criteria for patient admission, treatment and discharge, 
in addition to enabling assessment of the costs and benefits of 
the ICU (3). Among the tools used to classify severity are Acute 
Physiology and Chronic Health Evaluation II (APACHE II), Sequential 
Organ Failure Assessment (SOFA) and Simplified Acute Physiology 
Score 3 (SAPS 3). These indicators estimate severity and the risk 
of morbidity and mortality, with high values directly related to 
worse outcome (4).

In critically ill patients, the metabolic response to stress pro-
motes intense protein catabolism to repair damaged tissue and 
supply energy, compromising immunological response, interfering 
in organ function, changing body composition, and making nutri-
tional depletion a frequent condition. In this respect, nutritional 
status is also a factor capable of directly influencing a patient’s 
prognosis, morbidity and mortality (5).

Assessment of nutritional status in critically ill patients is hin-
dered by interference from the acute disease and the therapeutic 
measures applied, which changes body composition and affects 
result interpretation (6). In this regard, establishing an early nutri-
tional prognosis is important to monitor the nutritional progress 
of the patient and identify patients at risk of complications who 
may benefit from a specific nutritional intervention (7). Moreover, 
poor nutritional prognosis is associated with greater likelihood of 
morbidity and mortality (6). Among the nutritional prognosis meth-
ods are the Phase Angle (PA) and Onodera’s Prognostic Nutritional 
Index (OPNI). 

The PA, calculated from measures of resistance (R) and react-
ance (Xc) collected during bioimpedance (BIA), is used as an indi-
cator of body cell mass (8). Low PA values are associated with 
morbidity and mortality in critically ill patients (9). OPNI, in turn, 
originally developed to predict prognosis in surgical patients, is a 
simple tool using measures of serum albumin and total lymph-
ocyte Count (TLC) that can be rapidly applied in a large number 
of patients (10). 

Accordingly, the present study aimed to determine nutritional 
prognosis using the PA and OPNI and its relationship with severity, 
length of hospitalization and mortality of critical patients.

METHODOLOGY

This cross-sectional descriptive study was reviewed and 
approved by the Research Ethics Committee of the Onofre Lopes 

University Hospital (HUOL) (CAAE: 40580114.1.0000.5292). All 
participants or legal guardians provided written, informed consent 
before enrollment. 

The convenience sample consisted of patients of both sexes, 
aged 21 years or older and hospitalized at HUOL, in Natal, Brazil, 
between March and November, 2015. Patients with less than 24 
hours in the ICU and those not indicated for BIA (pregnant women, 
amputees and pacemaker users) were excluded.

Sociodemographic (sex and age), clinical (diagnosis, routes of 
feeding and biochemical examinations), length of hospitalization 
and outcome data were collected. Patients were classified as to 
clinical or surgery profile according to the reason for hospitaliza-
tion. All patients were monitored from admission to the ICU until 
discharge or death, with length of hospitalization considered both 
in the ICU and the hospital. The parameters under study were 
collected in the first 24 hours’ stay in the ICU. 

The APACHE II (11), SOFA (12) and SAPS 3 (13) indicators 
were used to analyze patient severity. The data required to make 
the respective calculations were collected from patients’ medical 
records and the results were classified according to the literature 
(11-13). Patients with sepsis were identified according to the third 
international consensus for sepsis (Sepsis-3) (14).

To obtain the PA, BIA was applied using a Quantum II® ana-
lyzer (RJL Systems, Clinton Township, MI, USA), promoting the 
passage of a safe and painless low-frequency, current (50 kHz, 
800 microA), following the method described by Lukaski et al. 
(15). Next, the PA was calculated by the formula: PA = arc-tangent 
(Xc/R) x 180/π. PA cutoff point of 5.1 was adopted in accordance 
with the literature (16). OPNI was calculated from the formula (17) 
where OPNI is equal to 10 x Albumin (g/100 mL) + 0.005 x TLC 
(mm³), with a reference value ≤ 40 (18). 

For statistical analysis, the variables were initially analyzed 
using Microsoft Office Excel 2011® and later by GraphPad Prism 
6.0a (Stata Corp., College Station, TX, USA, 2012). Statistical 
analysis was based on data distribution on a Gaussian curve, 
using the Shapiro-Wilk test. The quantitative variables of normal 
distribution were expressed as means and standard deviations. 
Those with non-normal distribution were presented as median, 
with interquartile range. The difference between groups with 
PA < 5.1 and PA ≥ 5.1 was assessed using the unpaired t-test 
and Mann-Whitney test for variables with and without normal dis-
tribution, respectively. Furthermore, the variables were correlated 
applying Pearson’s and Spearman’s correlations for those with 
and without normal distribution, respectively. The significance level 
was set at p < 0.05.

RESULTS

A total of 35 patients, 26% men and 74% women, mean age 
of 55.5 ± 16.7 years, were included in the study. Most of the 
patients had undergone surgery (60%) and fasted in the first 24 
hours (54%). With respect to nutritional prognosis indices, mean 
PA and OPNI were below the cutoff point. The general character-
istics are shown in table I.
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Analysis of the patients in relation to PA showed that those 
with PA < 5.1 exhibited significantly lower reactance and albu-
min and higher APACHE II and SOFA values (Table I). Moreover, 
the group with low PA exhibited longer ICU stays and greater 
mortality rates. 

The PA was inversely correlated with all the severity indicators 
under study (APACHE II, SOFA and SAPS 3) (Fig. 1), length of 
stay in the ICU and the hospital (Fig. 2). By contrast, there was 
no correlation between OPNI and these parameters (Figs. 1 and 
2), or between PA and OPNI (Fig. 3). In addition, sepsis was 
observed in 46% of patients (Table I) and there was no differ-
ence in PA and OPNI means between patients with or without 
sepsis (Fig. 4). The correlation between prognosis indices and 
severity indicators studied were not influenced by sepsis con-
dition (Tables II and III).

DISCUSSION

In the population under study, there was a wide range of diagnoses, 
divided into clinical and surgical, with a higher prevalence of surgical 
patients. In relation to the route of feeding, most of the patients (54%) 
fasted for the first 24 hours, followed by either an oral diet (37%) or 
enteral nutrition (9%) (Table I). According to recommendations, feeding 
should be initiated within 24 to 48 hours, if the digestive tube is viable 
and the patient is hemodynamically stable (19-21). This early feeding 
contributes to reducing the risk of complications and length of hospital 
stay, in addition to improving the patient’s clinical prognosis (20-22). 
Thus, the patients under study were within the acceptable range, 
without exceeding the recommended fasting time.

Severity indicators quantify acute and chronic physiological chan-
ges during admission, estimating mortality in order to correct errors 

Table I. Characteristics of the study population according to the Phase Angle (PA)

Characteristics
Total number of 

patients
(n = 35)

Patients with
PA < 5.1o

(n = 26)

Patients with
PA ≥ 5.1o

(n = 9)
p-value

Sex, n (%)
  Male
  Female

9 (26)
26 (74)

6 (23)
20 (77)

3 (33)
6 (67)

-
-

Profile, n (%)
  Clinical
  Surgical

14 (40)
21 (60)

11 (42)
15 (58)

3 (33)
6 (67)

-
-

Route of feeding, n (%)
  Fasting
  Oral
  Enteral nutrition

19 (54)
13 (37)
3 (9)

16 (62)
7 (27)
3 (11)

3 (33)
6 (67)
0 (0)

-
-
-

Resistance, (Ω)¹ 475.0 ± 98.9 466.2 ± 104.0 500.6 ± 82.7 0.162

Reactance, (Ω)¹ 34.6 ± 11.1 29.9 ± 7.4 48.2 ± 8.5 < 0.001

Phase angle, (o)¹ 4.2 ± 1.0 3.7 ± 0.7 5.5 ± 0.3 < 0.001

Albumin, (g/dL)¹ 3.1 ± 0.6 3.0 ± 0.6 3.5 ± 0.5 0.027

Total lymphocyte count, (cells/mm3) ² 1300 (878-2024) 1368 (841-1950) 1077 (964-2246) 0.539

Onodera’s Prognostic Nutritional Index¹ 38.7 ± 8.3 37.7 ± 8.3 42.8 ± 7.6 0.131

Severity indicators
  APACHE II²
  SOFA²
  SAPS 3²

10.0 (7.0-17.0)
3.0 (1.0-6.0)
38 (31-53)

13.5 (8.5-19.8)
4.0 (1.8-6.3)
41 (33-59)

8.0 (6.0-9.5)
1.0 (0.0-2.0)
31 (27-41)

0.012
0.005
0.067

Sepsis, n (%)
  With sepsis
  Without sepsis

16 (46)
19 (54)

14 (54)
12 (46)

2 (22)
7 (78)

-
-

Length of ICU stay, (days)² 3 (2-6) 4 (2-8) 2 (1-3) 0.006

Length of hospital stay, (days)² 19 (9-45) 27 (14-50) 9 (6-14) 0.001

Outcome
  Hospital discharge, n (%)
  Death, n (%)

29 (83)
6 (17)

20 (77)
6 (23)

9 (100)
0 (0)

-
-

¹Mean ± SD. ²Median (variation).
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and improve ICU performance (23). High values are proportionally 
associated with greater risk of morbidity, mortality and length of hos-
pitalization (4,16). The mean values found for APACHE II, SOFA and 
SAPS 3 in the present study, when classified according to the liter-
ature (11-13), indicated an expected mortality rate of 15%, 18.6% 
and < 10%, respectively. The mortality observed in our study was 
17% (Table I), similar to values expected by APACHE II and SOFA. 
However, the ICU mortality rate can vary between 25 and 30% (24) 
or be even higher, depending on the characteristics of each sector 
(25). The large number of elective surgeries in the unit studied 
prevented a higher mortality rate (26). This finding corroborated the 

study by Mayr et al. (2006) (27), where the mortality rate in 3700 
critically ill patients was low (9.5%), because nearly half of them had 
undergone elective cardiac surgery with good prognosis.

Identifying prognosis indices for critically ill patients is important 
in the clinical management of their disease. Among these, the PA 
assesses prognosis based on cell membrane integrity, and can 
be used under different clinical conditions (28-30). In our study 
population, the mean PA was lower than the cutoff point (PA = 
5.1) adopted for healthy patients (16) (Table I).

The PA has been used as an indicator of nutritional status and 
survival predictor for a number of diseases, such as acquired 

Figure 1. 

Correlation between nutritional prognosis indices and severity indicators. 

PA: Phase Angle; OPNI: Onodera’s Nutritional Prognostic Index; APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure 
Assessment; SAPS 3: Simplified Acute Physiology Score 3.
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immunodeficiency syndrome, as well as oncological, nephropathic 
and septic disorders (4,16,28). It may also be positively associated 
with a number of serious diseases, suggesting it is an important 
instrument in assessing the muscularity, nutritional prognosis and 
clinical outcome of critically ill patients (4,31-33).

Some studies have found lower PA values among the females 
(4,16) as expected, since PA increases according to the amount 
of muscle mass and body cell mass (34). However, in our study, 
no difference was found in PA between males (4.3 ± 1.0) and 
females (4.1 ± 1.1), (p = 0.659) (data not shown).

In the present study, there was a strong correlation between 
PA and severity indicators (Fig. 2), in line with literature findings 
(15), which also demonstrated an association between low PA 
and mortality. Furthermore, other studies (4,28,29) suggest that 
low PA values in critically ill patients are related to decreased cell 
integrity, decline in lean mass, poor prognosis and higher mortality. 

Silva et al. (16) (2015) found prevalence of sepsis in 47% of 
patients and observed a significant negative correlation between 
PA and APACHE II (r = -0.506; p < 0.001) just in patients without 
sepsis. In our study, sepsis was observed in 46% of patients, 
according to the clinical criteria (Singer et al., 2016). However 
there was no difference in PA (p = 0.179) and OPNI (p = 0.272) 
means between patients with or without sepsis (p = 0.179) 
(Fig. 4), demonstrating that the presence or absence of sepsis 
did not influence the correlation between prognosis indices and 
severity indicators studied (Tables II and III).

As expected, no significant correlation was found between PA 
and SOFA in patients with or without sepsis because SOFA is 
part of clinical criteria to identify patients with sepsis (14). Also, 
there was no correlation between OPNI and the severity indica-

Figure 2. 

Correlation between nutritional prognosis indices and length of stay in the intensive care unit and the hospital.

Figure 3. 

Correlation between Phase Angle (PA) and Onodera’s Prognostic Nutritional Index (OPNI). 

PA: Phase Angle; OPNI: Onodera’s Nutritional Prognostic Index.
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Table II. Correlation between Phase Angle (PA) and severity indicators in patients with or 
without sepsis

PA Correlation
Total number of patients (n = 35)

(100%)
Patients with sepsis  (n = 16)

(46%)
Patients without sepsis (n = 19)

(54%)

Severity indicators

APACHE II
  r
  P

- 0.682
< 0.001

- 0.624
0.009

- 0.612
0.005

SOFA
  r
  P

- 0.478
0.004

- 0.445
0.085

- 0.341
0.153

SAPS 3
  r
  P

- 0.539
< 0.001

- 0.616
0.011

- 0.460
0.048

APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment; SAPS 3: Simplified Acute Physiology Score 3.

Table III. Correlation between Onodera’s Prognostic Nutritional Index (OPNI) and severity 
indicators in patients with or without sepsis

OPNI 
Correlation

Total number of patients (n = 35)
(100%)

Patients with sepsis (n = 16)
(46%)

Patients without sepsis (n = 19)
(54%)

Severity indicators

APACHE II
  r
  P

- 0.191
0.288

- 0.133
0.623

- 0.176
0.481

SOFA
  r
  P

- 0.027
0.880

0.009
0.973

0.068
0.796

SAPS 3
  r
  P

- 0.093
0.606

- 0.199
0.461

0.084
0.749

APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment; SAPS 3: Simplified Acute Physiology Score 3.

Figure 4. 

Phase Angle (PA) and Onodera’s Prognostic Nutritional Index (ONPI) in patients with and without sepsis.
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tors, independent of sepsis condition (Table III). Thus, our results 
demonstrate that PA is a useful prognostic indicator in critically 
ill patients with or without sepsis. Nevertheless, the same cannot 
be assured with the OPNI.

When differences in severity indicators were compared between 
groups with lower and higher PA (Table I), a significant difference 
was found between APACHE II and SOFA, with higher severity 
values for patients with lower PA, indicating poor nutritional prog-
nosis. Interestingly, SAPS 3 values were not significantly different 
between the groups, perhaps due to the small sample size.

In this study, the length of stay in the ICU and the hospital was 
significantly different between the groups with higher and lower 
PA (Table I). Moreover, PA was negatively correlated with length of 
ICU and hospital stay (Fig. 2). Kyle et al. (2013) (35) also found a 
significant association between low PA values and longer hospital 
stays, and mortality. 

The mean OPNI found in the study was lower than the refer-
ence value (18), but not correlated with severity indicators (Fig. 1) 
or length of ICU and hospital stay (Fig. 2). This finding can be 
explained by the fact that this index considers biological levels 
of albumin and TLC in its calculation. TLC measures momentary 
immunological reserves, associated with undernourished individ-
uals. However, it is important to underscore that in critically ill 
patients this parameter can be changed by clinical status or the 
use of medication. Thus, OPNI seems to be better employed in 
patients receiving peritoneal dialysis, and those with terminal liver 
disease and active tuberculosis (10). 

Despite the limitation of albumin as an indicator of nutritional 
status, a number of studies (6,26) have correlated its decline 
with the increased incidence of clinical complications, morbid-
ity and mortality. In the present study, the patients with a lower 
PA exhibited lower serum albumin (Table I). Lima and Silva et 
al. (2015) (26) also obtained low PA in critically ill patients with 
hypoalbuminemia. 

The prognosis indices under study did not correlate between 
each other (Fig. 3). Although both assessed nutritional progno-
sis, they are based on completely different parameters and were 
developed for different groups of patients. While the PA uses tis-
sue resistance to an electric current, OPNI uses biochemical levels 
that may be altered in a critically ill patient. 

Among the limitations found in the study are the small sample 
size, primarily in patients with PA > 5.1, and the lack of studies 
applying OPNI in critically ill patients. 

CONCLUSION

The mean PA of the study population was lower than the ref-
erence value adopted and was inversely correlated with severity 
indicators and length of stay in the ICU and the hospital. Thus, the 
PA was shown to be a good tool in assessing nutritional prognosis 
in critically ill patients, identifying patients at risk of complications 
who could benefit from a more specific nutritional therapy. The 
mean OPNI found was also lower than the cutoff point, but not 
correlated with the other variables, showing the need for more 

studies, involving patients with different clinical profiles, including 
those in critical illness.
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