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PHASE ANGLE AND FRAILTY ARE IMPORTANT PROGNOSTIC FACTORS
IN CRITICALLY ILL MEDICAL PATIENTS: A PROSPECTIVE COHORT STUDY
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Abstract: Objectives: To investigate whether phase angle (PhA) measured by bioelectrical impedance analysis
(BIA) and frailty are associated with the outcomes of critical illnesses. Design: A single-center prospective
cohort study. Setting: Medical intensive care unit (ICU) in Seoul National University Hospital, Seoul, Republic
of Korea. Participants: 97 patients who were admitted to the medical ICU. Measurements: On admission, PhA
was measured by BIA, and frailty was assessed by the Korean Modified Barthel Index (KMBI) scoring system.
Patients were classified according to PhA and KMBI scores, and their impact on the outcomes of critical illnesses
was evaluated. Results: The patients’ mean age was 62.4 + 16.4 years, and 56 of the patients (57.7%) were men.
Having a high PhA above 3.5 at the time of ICU admission was associated with lower in-hospital mortality
(adjusted OR 042, p = .042), and a shorter duration of ICU stay (5.6 days vs. 9.8 days, p = .016) compared to
those with a low PhA. Other indices measured by BIA were not significantly associated with outcomes of critical
illnesses. Frailty (KMBI > 60) was associated with more mechanical ventilation days (2.3 days vs. 7.1 days; p
= .018). Conclusion: Both PhA and frailty are important prognostic factors predicting the outcomes of critical
illnesses. Low PhA scores were associated with increased mortality and a longer duration of ICU stay, and frailty

was associated with more mechanical ventilation days.
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Introduction

Patients admitted to the intensive care unit (ICU) usually
have many underlying diseases and need critical care for
various reasons. Given the heterogeneity of ICU patients,
outcome prediction is difficult. Although severity scoring
systems combining multiple variables including vital signs,
anthropometric and laboratory data such as Acute Physiology
And Chronic Health Evaluation (APACHE) and Sequential
Organ Failure Assessment (SOFA) have been introduced, their
interpretation of the course and outcomes of critical illnesses
are limited (1-5). Many attempts have been made to find new,
relevant prognostic factors in critically ill patients.

Bioelectrical impedance analysis (BIA) is a method of
measuring body compartments using the electrical properties of
tissues (6). It is a non-invasive test and does not require special
training to use. BIA is frequently used in the general population
to assess body composition, in particular muscle mass and fat.
Recently, its results have been comparable to that of dual X-ray
absortiometry, the gold standard method for assessing body
composition, including muscle mass, fat mass and body cell
mass (7). Unlike dual X-ray absorptiometry, however, BIA can
be easily applied to patients in the ICU.

Phase angle (PhA) as measured by BIA is known to reflect
cell membrane integrity, permeability and fat-free mass, and
higher values of PhA suggest better cell health, gains in cell
function, and better nutritional status (8). With its reliability
and generalizability to healthy populations (9), PhA is being
investigated as a useful index in various diseases and has been
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proven to be an independent prognostic factor for several kind
of cancers, including advanced lung and pancreatic, head and
neck cancer (10-12), and breast cancer (13). A few studies
have investigated the usefulness of PhA in critically ill patients
and have revealed that low values of PhA were associated with
higher mortality of patients in the ICU (8, 14-20) or longer ICU
stay (18, 21). However, studies on critically ill medical patients
in Asia are very rare (16, 19, 20).

Although more elderly patients are being admitted
to the ICU, age alone is an unreliable factor in predicting
the prognosis of critical illnesses (22-24). Frailty is defined
as a multi-dimensional syndrome characterized by the loss
of physical and cognitive reserves, leading to increased
vulnerability to possible stressors (25). Thus, frailty, as
measured by various frailty scoring systems, is considered
to be an important factor influencing the outcomes of critical
illnesses (26, 27). Recent studies have revealed that frailty is
associated with higher mortality (28, 29), extubation failure,
and prolonged ventilation period (30) in critically ill patients.

The aim of this study was to assess the value of PhA and
frailty on predicting the outcome of critically ill medical
patients.

Methods

Study design and participants

This was a prospective cohort study of patients admitted to
the medical ICU (MICU) of a university-affiliated teaching
hospital. All patients aged over 19 years and admitted to the
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Table 1
Baseline characteristics of the patients

All patients (n = 97) Survivors (n = 57) Non-survivors (n = 40) p value
Age (year) 624 +164 63.6+16.8 60.7+159 0.395
Male sex (n, %) 56 (57.7%) 34 (59.6%) 22 (55.0%) 0.648
Body weight (kg) 61.7+13.6 629+153 60.0 +£10.7 0.318
Height (cm) 1634 +89 1648 +£10.0 1614+£6.6 0.065
APACHE 1I score 190+£7.6 184+£84 200+£6.3 0.319
SOFA score 80+39 74+33 8.8+4.6 0.095
Reasons for ICU admission (n)* 128 75 53
Respiratory failure (n, %) 61 (62.9%) 37 (49.3%) 24 (45.3%) 0.651
Renal failure (n, %) 27 (27.8%) 12 (16.0%) 15 (28.3%) 0.161
Cardiovascular cause (n, %) 17 (17.5%) 12 (16.0%) 5 (9.4%) 0.281
Sepsis (n, %) 14 (14.4%) 7(9.3%) 7 (13.2%) 0.489
Neurologic cause (n, %) 2 (2.1%) 1(1.3%) 1 (1.9%) 0.804
Others (n, %) 7 (7.2%) 6 (8.0%) 1 (1.9%) 0.134
BIA values
Body mass index (kg/m?) 23.1+£40 230+43 23.1+35 0.872
Muscle mass (kg) 448 +10.3 46.0+10.8 432 +93 0.200
Fat-free mass (kg) 47.6+109 487+114 46.1+99 0.247
Body fat (%) 228+ 11.5 220+ 11.1 284 +£12.0 0.439
PhA score 3612 38+x12 3313 0.077
Proportion of PhA = 3.5 (%) 46 (47.4%) 32 (56.1%) 14 (35.0%) 0.040
KMBI score 63.7£40.7 625+418 65.5+395 0.727
Proportion of KMBI > 60 (%) 57 (58.8%) 34 (59.6%) 23 (57.5%) 0.832

* Continuous variables values are presented as mean + standard deviation; * APACHE II: The Acute Physiology and Chronic Health Evaluation II, SOFA: sequential organ failure
assessment, BIA: bioelectrical impedance analysis, PhA: phase angle, KMBI: Korean Modified Barthel Index; * Data on reasons for ICU admission were the results of multiple answers

MICU were screened for eligibility from June 2017 to May
2018. Patients who were admitted for planned procedures only
(coronary angiography, bronchoscopy, tracheostomy, etc.), or
for short-term close observation after planned surgery, were not
included.

This study was approved by the institutional review board
of Seoul National University Hospital (H-1704-140-848). All
patients provided written informed consent and the study was
conducted in accordance with the tenets of the Declaration of
Helsinki.

Data collection

After enrollment, anthropometric characteristics including
age, sex, body weight, height were recorded. The reasons
for admission to ICU were also recorded. Severity indices
including APACHE 1II and sequential organ failure assessment
(SOFA) scores were calculated. Patients’ current general health
status was evaluated by various methods. To evaluate frailty,
we used the Modified Barthel Index, which was revised and

validated as the Korean Modified Barthel Index (KMBI) (31).

BIA was measured using a portable BIA device (InBody
S10°R, InBody Corp., Seoul, South Korea) within 24 h after
enrollment. The InBody S10°R was designed to be applicable
to patients in the supine position, so almost all critically ill
patients could be analyzed. Patient information including age,
sex, body weight, and height were entered into the BIA device,
and electrodes were attached on each thumb, third finger,
and ankle. After electrical currents of 1, 5, 50, 250, 500, and
1,000 MHz were applied through the electrodes, whole body
intracellular water, extracellular water, protein, mineral, body
fat mass, and skeletal muscle mass were calculated. Whole
body resistance(R) and reactance (Xc) were measured upon
the electrical current of 50 MHz, and then the phase angle was
calculated by the following formula: PhA (°) = arctan(Xc/R) x
(180/m) (13).

All enrolled patients were followed until they were
discharged. Data on survival status when they were discharged
from the ICU or hospital, the length of stay in the ICU, and the
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number of mechanically ventilated days were recorded.

Statistical analysis

The patient’s age, sex, body mass index (BMI), APACHE
II score, SOFA score, PhA, and KMBI score were analyzed
as independent variables to determine whether they were
associated with in-hospital mortality. For the categorical
analysis, we divided the participants into two groups according
to PhA and KMBI. The cutoff to divide the two groups was
selected, based on the results from previous studies (8, 32).

To determine the independent effect of PhA and KMBI
values on the outcomes of critical illnesses, we conducted a
multiple regression analysis by adjusting for age, sex, BMI,
APACHE 1I score, and SOFA score. We evaluated whether the
duration of ICU care differed according to PhA values through
a Kaplan—Meier curve analysis. Additionally, we evaluated
whether the number of mechanically ventilated days differed
according to the KMBI scores. To determine the relationship
between BIA values and KMBI, we used Pearson correlation
analysis.

Statistical analyses were performed using SPSS software
(version 25.0 for Windows; IBM SPSS Inc., Armonk, NY,
USA) and R (version 4.0.0, https://www .R-project.org/). All
statistical tests were two-sided, and differences were considered
statistically significant at p < 0.05.

Results

Study population

Among the 115 patients enrolled in the cohort, 97 patients
who underwent KMBI and BIA measurements at the time of
admission were included for analysis. Baseline characteristics
of the patients including anthropometric data, hospital route and
reasons for ICU admission, disease severity scores, PhA, and
KMBI are shown in Table 1.

During the ICU stay, 51 patients (52.6%) were mechanically
ventilated, and 33 patients (34.0%) received renal replacement
therapy. Eighteen patients (18.6%) were treated for sepsis. The
ICU mortality of the study population was 25.8%. The mean
duration of the ICU stay among the survivors was 7.7 = 7.5
days, and the mean number of mechanically ventilated days
among intubated ICU survivors was 4.8 + 6.3 days.

Factors associated with all-cause in-hospital mortality

The all-cause in-hospital mortality was 41.2%. After
multiple logistic regression, adjusting for age, sex, BMI,
APACHE II score, SOFA score, and KMBI, the group with
higher PhA values (PhA = 3.5) was independently associated
with decreased in-hospital mortality compared to the group
with lower PhA values (odds ratio 0.42, p = .042). The other
variables, including APACHE II, SOFA score, and KMBI were
not associated with in-hospital mortality (Table 2).

Other variables from the BIA measurement including
intracellular water(ICW), extracellular water(ECW), total body

water(TBW), ECW/TBW, ECW/body weight, protein, mineral,
body fat mass, body fat rate, visceral fat area, muscle mass,
fat-free mass(FFM), TBW/FFM were entered into the multiple
logistic regression analysis, but none were independently
associated with in-hospital mortality (Table 2).

Table 2
Independent predictors of in-hospital mortality by multiple
logistic regression analysis

Independent variables Odds ratio p value
(95% confidence interval)
Age 0.99 (0.96-1.01) 0.391
Sex 1.21 (0.53-2.75) 0.648
APACHE II score 1.03 (0.97-1.09) 0.318
SOFA score 1.09 (0.99-1.22) 0.098
BIA values
Body mass index 101 (091-1.12) 0.871
ICW 0.94 (0.86-1.02) 0.152
ECW 0.95 (0.84-1.06) 0.365
TBW 0.97 (0.92-1.02) 0214
ECW/TBW 1.11 (0.94-1.37) 0.287
ECW/body weight 0.98 (0.88-1.09) 0.705
Protein 0.86 (0.69-1.05) 0.137
Mineral 1.14 (0.72-1.83) 0.572
Body fat mass 1.01 (0.96-1.05) 0.825
Body fat rate 1.01 (0.98-1.05) 0435
Visceral fat area 1.00 (0.99-1.01) 0.488
Muscle mass 0.97 (0.93-1.01) 0.200
FFM 0.98 (0.94-1.02) 0.245
TBW/FFM 0.72 (0.43-1.13) 0.176
PhA =35 0.42 (0.18-0.96) 0.042
KMBI > 60 0.92 (0.40-2.09) 0.832

* APACHE II: The Acute Physiology and Chronic Health Evaluation II, SOFA:
sequential organ failure assessment, BIA: bioelectrical impedance analysis, ICW:
intracellular water, ECW: extracellular water, TBW: total body water, FFM: fat-free
mass, PhA: phase angle, KMBI: Korean Modified Barthel Index

The mean KMBI score of the survivors was not significantly
different from that of the nonsurvivors (62.5 vs. 65.5,p = .727).

Factors associated with duration of ICU stay in ICU
survivors

We analyzed the association between PhA values and the
duration of the ICU stay among the 72 ICU survivors. The
patients with higher PhA values recovered and were discharged
from the ICU earlier compared to those with lower PhA values
(ICU days 5.6 vs. 9.8, p = .016). The Kaplan—Meier analysis
showed the superiority of higher PhA values compared with
lower PhA values (p = .011) (Figure 1). Higher SOFA score
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was also associated with longer duration of ICU stay (p = .004). Table 3
The KMBI score was not associated with duration of ICU stay Association between BIA values and mechanically ventilated
(p=.232). days by multiple regression analysis
Figure 1 BIA val Bet: fficient 1
Kaplan—Meier plot of intensive care unit discharge according to values Ca-coellicien p vaue
PhA group ICW 0.12 0.519
ECW 0.18 0.328
Brsperisn. ool SR e TBW 0.14 0434
of patients
el B g e ECW/TBW 0.14 0456
inICU 06) . | ECW/body weight 0.14 0.449
Protein 0.13 0.494
Mineral 0.11 0.546
50 1
Body fat mass -0.10 0.568
Body fat rate -0.12 0.525
25 4 p=0.011 by Log-rank test )
Visceral fat area -0.05 0.768
™ Muscle mass 0.14 0.444
ol _ I T ' FFM 0.14 0451
0 10 20 20 0k 0 TBW/FFM 0.18 0.324
Time (days)
PhA =35 -0.02 0.898

Factors associated with mechanically ventilated days in * BIA: bioelectrical impedance analysis, ICW: intracellular water, ECW: extracellular
water, TBW: total body water, FFM: fat-free mass, PhA: phase angle

ICU survivors
Among 72 ICU survivors, 32 patients who were intubated
were included in this analysis. The Kaplan—Meier analysis Table 4
showed that less frail patients, that is, those with a higher KMBI Correlation analysis between KMBI and BIA values
score (KMBI > 60) were weaned from mechanical ventilation
earlier compared to more frail patients (2.3 days vs. 7.1 days;  BIA values r value p value
p = .018) (Figure 2). Multiple regression analysis revealed that |~y 0.24 0016
none of the BIA values, including PhA, were associated with
. . ECW 0.12 0.258
the number of mechanically ventilated days (Table 3).
TBW 0.19 0.057
Figure 2 ECW/TBW -0.27 0.009
Kaplan—Meier plot of ventilator weaning according to KMBI ECW/body weight 0.08 0415
group Protein 024 0.019
Mineral 0.23 0.026
Proportion 100 1
of patients . KMBI > 60 Body fat mass -0.18 0.072
remaining - ==~ KMBI < 60 Body fat rate -0.22 0.029
mechanically
ventilated (%) Visceral fat area -0.28 0.005
Muscle mass 0.21 0.044
501 FFM 021 0.040
TBW/FFM -0.22 0.031
25 4 p=0.018 by Log-rank test PhA 0.40 <0.001
"""""" ' * KMBI: Korean Modified Barthel Index, BIA: bioelectrical impedance analysis, ICW:
LREsEeRmg intracellular water, ECW: extracellular water, TBW: total body water, FEM: fat-free
01 mass, PhA: phase angle
0 10 20 30
Tirme: (52yz) Correlation between frailty and BIA values

KMBI was positively or negatively correlated with several
BIA values. Phase angle was most strongly correlated with
KMBI among BIA values (r = 0.40, p < .001). ICW, protein,
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mineral, muscle mass and FFM were positively correlated with
KMBI, and ECW/TBW, body fat rate, visceral fat area, TBW/
FFM were negatively correlated with KMBI (Table 4).

Discussion

Our study revealed that low PhA values, as measured by
BIA, were independently associated with increased all-cause
in-hospital mortality in the patients admitted to a MICU.
Additionally, PhA and frailty were both important indices
related to the prognosis of critically ill patients, each of which
provided different information to clinicians.

The use of BIA is becoming more popular in the medical
field, presenting significant usefulness in evaluating nutritional
and muscle status and also in predicting the prognosis of
chronic diseases and cancers. However, only recently has BIA
been used in the field of critical care. Among the many values
derived using the technique of BIA, PhA is an interesting value,
and it represents cell health and functional status as estimated
by the indices of body composition. By virtue of its usefulness
in assessing overall health status, PhA measurements through
BIA in ICU patients may also help clinicians assess and predict
the prognosis of critically ill patients.

Previous studies on PhA and mortality were mostly not
focused on the critical ill medical patients (8, 14, 15). Only
three studies from Asia are available, but they only included
critically ill surgical patients (20) or retrospectively gathered
a small number of patients with low mortality (16). More than
1/3 of the study population of another study were patients
from acute pancreatitis, which limits the generalizability of
the results (19). Moreover, lower PhA was associated with
prolonged duration of ICU stay as well as all-cause in-hospital
mortality of critically ill patients. This is comparable to other
studies suggesting the association of PhA and duration of ICU
stay (18, 21).

The mean PhA value of our study population was 3.6, which
is much lower than that of the normal population showing the
mean PhA above 5.0 (9). The value of PhA in critically ill
patients is usually low (16—19), indicating severely injured cell
membrane integrity and increased cell membrane permeability
due to critical illness. Although the optimal cutoff of PhA
value associated with increased mortality is not determined,
a large study suggested using a cutoff of PhA 3.49 (8), which
is consistent with our study. A recent study used a cutoff of
5.5 and were not able to show differences in mortality (21). A
lower PhA cutoff of 3.8 revealed increased mortality with lower
PhA in critically ill cancer patients (18). These results suggest
that it may be reasonable to use a cutoff of PhA 3.49-3.8 to
predict the outcomes of critical illnesses.

This study also highlights the importance of frailty in the
context of critical care. Due to the improvements in the health
care system and increased interest in the management of
chronic diseases, aging itself is not an independent prognostic
factor of critical illnesses anymore (22-24). Frailty, however,

leads to vulnerability to adverse outcomes of various diseases,
including critical illnesses (28, 29). KMBI used in this study
to assess a patient’s frailty, evaluates personal hygiene
and bathing, feeding, dressing, stair climbing, bowel and
bladder control, ambulation, and stair climbing. It enables a
multidimensional and extensive approach to assess patients’
functional status in patients with critical illnesses (33).Weaning
from mechanical ventilation requires the cooperative function
of multiple organ systems including respiratory system,
musculoskeletal system, and mental effort (34). Frail patients
with disorganized functioning are challenged when intubated,
and they often find it difficult to spontaneously breathe
without the support of the ventilator. Frail patients in our study
population also had difficulty weaning from the ventilator
which led to more mechanical ventilation days.

An association between frailty and PhA values have been
suggested in the general population and in patients with specific
diseases (35-38), but it has not been studied in the context
of critical illness outcomes. In this study, PhA and KMBI
measured at the admission to ICU showed positive correlation.
KMBI was also correlated positively with BIA values
indicating better health status such as FFM, and negatively with
those indicating poor health status such as ECW/TBW, body fat
rate, and visceral fat area. It is interesting to note that even in
critically ill patients, low PhA which represents poor cell health
is associated with frailty which represents general wellbeing of
a patient.

Our study has several limitations. First, conventional severity
scoring systems such as APACHE II and SOFA were not able
to predict the survival of our study population. Discrimination
by a scoring system can change over time, due to changing
patterns and severity of illnesses at different time points (1), and
due to discrepancies between various scoring systems according
to targeted populations or diseases (2, 3, 5). Second, this was
a single-center study that included patients with a relatively
high number of comorbid conditions with high severity. This
situation reflected the characteristics of a university-affiliated
teaching hospital, and it could influence the generalizability of
our results.

Despite these limitations, our study presents several
strengths. To the best of our knowledge, this is the first study
to investigate the influence of both the PhA and frailty on
the outcomes of critical illnesses in a well-defined medical
ICU population. Our study participants represent the critical
stage of various medical illnesses. We enrolled participants
prospectively, which excluded selection bias and provided high-
quality data.

In conclusion, low PhA values were independently
associated with increased all-cause in-hospital mortality in the
patients with critical illnesses in the MICU. PhA and frailty
were important prognostic factors predicting the outcomes
of critical illnesses, especially mortality and mechanical
ventilation weaning failure, respectively. Assessing PhA and
frailty of critically ill patients at ICU admission might help
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predict the outcomes of critical illnesses in the ICU. Further
studies are necessary to investigate the mechanism of the
association between PhA, frailty and the course of critical
illnesses.
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