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Relationship between nutritional status
and phase angle as a noninvasive method to predict
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ABSTRACT

Phase angle has been suggested as a useful, noninvasive, and objective index to evaluate the nutritional
status of older people. However, there are no studies analyzing the relationship between nutritional status
and phase angle in older patients, according to sex. The aim of this study was to clarify the relationship
between phase angle and malnutrition, and to calculate cut-off points of malnutrition with phase angle in
older inpatients, according to sex. This study was a retrospective cross-sectional study. Participants were
older inpatients of a rehabilitation unit, and data within 1 week of hospitalization were collected from
the medical records. We collected data of demographics, phase angle, and the Geriatric Nutritional Risk
Index. Phase angle was measured with InBody S10. To confirm whether phase angle is an important factor
in predicting malnutrition, we conducted binary logistic regression analysis. In addition, to determine the
cut-off points of malnutrition in older inpatients, we used the receiver operator characteristic (ROC) curve.
Participants included 59 men (mean age 76.5 years) and 101 women (mean age 78.8 years). As a result
of statistical analysis, phase angle was an important factor related to malnutrition in both male and female
inpatients. Our findings showed that cut-off points of 4.03 degrees (sensitivity; 87.0%, specificity; 75.9%)
in male patients and 3.65 degrees (sensitivity; 78.6%, specificity; 60.5%) in female patients could be used
to predict malnutrition. The results of this study suggest that phase angle may be useful as an indicator
to predict the nutritional status of older inpatients.
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INTRODUCTION

Malnutrition in older adults is associated with a decline in activities of daily living! and
quality of life> and an increased mortality rate.* In addition, malnutrition affects the length of
hospitalization of older patients.* Therefore, it is particularly important to evaluate the nutritional
status of older inpatients.

The Geriatric Nutritional Risk Index (GNRI) is a useful objective method to evaluate the nu-
tritional status of older people.” The GNRI is calculated from height, weight, and serum albumin,
and malnutrition is suspected with a value 98 or less. However, blood tests to investigate serum
albumin are invasive, which may place a burden on older patients. In addition, the GNRI is
sometimes difficult to promptly assess unless the facility is equipped with an analyzer. Therefore,
calculation of the GNRI is considered to be less versatile when it is used to investigate daily
changes.

Noninvasive evaluation methods of nutrition status include the Malnutrition Screening Tool,°
Malnutrition Universal Screening Tool,” and Nutritional Risk Screening — 2002.% Although these
tools are more versatile than more invasive evaluation methods, there is a possibility of subjectiv-
ity in patients’ responses; furthermore, it may be difficult for patients with declining cognitive
function to provide quick and accurate responses so as to calculate index values.

As a noninvasive evaluation method and index of objective nutritional status, phase angle (PA)
measured via bioelectrical impedance analysis has recently attracted attention.>!! The PA is the
arctangent value calculated from resistance and reactance obtained in bioelectrical impedance
analysis and represents cellularity, integrity of cell membranes, and cell function.'? Generally,
the larger the PA value, the better the patient’s condition.

PA is associated with muscle strength,'*!> muscle quality,'® functional capacity,'® inflammatory
and oxidative stress biomarkers,!” severity of musculoskeletal and respiratory diseases'® and quality
of life! in older adults. It has also been suggested to be useful in the diagnosis of sarcopenia,®
osteoporosis,?! and prediction of mortality.’**?* Among these, Lukaski et al** reported that PA
is useful for evaluating the nutritional status of older adults.

As a noninvasive and objective method of evaluation, PA is considered a highly versatile and
objective indicator for evaluating the nutritional status of older adults. However, few studies to
date have been conducted to evaluate nutritional status using PA. One study calculated cut-off
points for use of PA as a screening tool for nutritional disorders in older inpatients,'* that study
did not use objective methods, such as the GNRI, to assess malnutrition. In addition, PA has
been suggested to show sex differences,” but no analyses according to sex have been carried
out. Kyle et al’ investigated the relationship between PA and serum albumin and calculated the
cut-off of malnutrition for PA. The PA is reported to be affected by age, but that study was
not limited to older participants. Therefore, the aim of the present study was to clarify the
effectiveness of malnutrition assessed using PA and the GNRI, and to calculate cut-off points
of malnutrition for PA in older inpatients, according to sex.

MATERIALS AND METHODS

Setting, Study Design and Participants

This study was conducted at a 50-bed rehabilitation unit in Kasugai City, Aichi Prefecture,
Japan. This was a retrospective cross-sectional study. Using the medical records, we collected
inpatient data evaluated within 1 week of hospitalization in the rehabilitation unit.

Study participants were inpatients hospitalized between August 2017 and March 2019. Included
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patients were those age 65 years or older who were admitted to the rehabilitation unit and had
no missing data. Because PA is affected by age,” we excluded inpatients over 85 years of
age.” We also excluded inpatients in whom it was impossible to obtain measurements using
bioelectrical impedance analysis.

Measurements

We collected data of demographics, PA, and the GNRI. Demographic data included age, sex,
diagnosis at admission, period from onset to admission, and the motor Functional Independence
Measure score. In addition, we recorded the Skeletal Muscle Index. The Skeletal Muscle Index
was calculated by dividing upper and lower limb muscle mass (obtained with the InBody
S10 [In Body, Koto-ku, Tokyo, Japan]), by the square of height. Based on the resistance and
reactance obtained when measuring muscle mass with the InBody S10, PA was calculated using
the following formula®’:

Reactance

PA (degree) = arctan Resistance

x (180 / n)

PA was calculated from measurement values taken from the right upper limb, right lower
limbs, and trunk. To eliminate the effects of paralysis and surgical operation when measuring PA
in patients with stroke and hip fractures, the PA was calculated using measurement values from
the upper and lower limbs of the unaffected side, and from the trunk. The measurement using
InBody S10 were taken with the patient in the supine position before rehabilitation exercises.
It has been reported that the InBody S10 has high accuracy in measuring the SMI and PA,
according to studies including older adults.”®* In addition, it has been shown that PA obtained
by bioelectrical impedance analysis has low within-day and between-day fluctuation.?”’

The GNRI was calculated using participants’ height, weight, and serum albumin.’ Based on
previous research, in this study, we defined a GNRI of 98 or less as malnutrition.” The GNRI
was calculated using the following formula’:

Ideal weight for men = height (cm) — 100 — [(height (cm) — 150) / 4]

Ideal weight for women = height (cm) — 100 — [(height (cm) — 150) / 2.5]

current weight (kg)
ideal weight (kg)

GRNI = 1.489 x serum albumin (g / 1) + 41.7 x

Statistical Analysis

We performed the analysis based on sex. Participants characteristics are shown using descrip-
tive statistics. To confirm whether PA is an important factor that can predict malnutrition, we
conducted binary logistic regression analysis using a crude model and an adjusted model, in the
presence or absence of malnutrition (as defined by the GNRI) as a dependent variable. Prior
to performing binary logistic regression in the adjustment model, we conducted a correlation
analysis between the collected data and GNRI; variables that had significant correlation with
PA were used in the analysis. The Hosmer-Lemeshow test was performed to assess goodness
of fit in logistic regression analysis, and the model was considered a good fit with p > 0.05.

To determine the PA cut-off points of malnutrition, defined as GNRI 98 or less in older
inpatients, we used the receiver operator characteristic curve and calculated the area under curve.
The cut-off was defined as the point where the sensitivity and specificity were highest. We used
IPM SPSS Statistics Version 24.0 (IBM Japan, Tokyo, Japan) for all analyses. A p-value of <
0.05 was considered statistically significant.
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Ethical Considerations

We began the study after receiving approval of the Research Ethics Committee of the
Tokai Memorial Hospital (Approval number: 30-10) and Seijoh University (Approval number:
2018C0051). Information on the use of medical record information was posted on the Tokai
Memorial Hospital website, and all participants were offered the opportunity to refuse the use
of their information. It was determined that informed consent was not necessary as deidentified
secondary data were used in this study.

RESULTS

During the study period, 259 patients were admitted to the hospital, among which 160 patients
were included in the present analysis (59 male and 101 female patients) (Figure 1). Participants
characteristics are shown in Table 1. The average age of participants was 78.0 + 5.3 years, range
65-84 years (male 76.5 = 5.4 years, range 65-84 years; female 78.8 = 5.2 years, range 65-84
years). The average PA was 3.9 + 0.9 degrees, range 2.0-8.3 (male 4.1 + 1.0, range 2.2-8.3,
female 3.8 = 0.9, range 2.0-7.0), and the average GNRI was 95.4 + 10.2, range 67.2-119.7
(male 95.3 = 10.3, range 76.2-119.0, female 95.5 + 10.1, range 67.2-119.7). The prevalence of
malnutrition was 55.9% for male inpatients and 60.4% for female ones. Among the collected data,
the items that had significant correlation with GNRI were the motor Functional Independence
Measure score (males; r = 0.46, p = 0.001, females; r = 0.29, p = 0.006) and the Skeletal Muscle
Index (males; r = 0.61, p < 0.001, females; r = 0.48, p < 0.001) in both sexes. Therefore, these
variables were used in the adjusted logistic regression analysis model.

No multicollinearity between independent variables was observed for either sex. PA was found
to be an important factor in predicting malnutrition in both male inpatients (crude model: B =
2.42, odds ratio (OR) = 11.20, 95% confidence interval (CI) = 2.99-41.95, p < 0.001, Hosmer-
Lemeshow test p = 0.78; adjusted model: B = 2.51, OR = 12.31, 95% CI = 2.36-64.07, p =
0.003, Hosmer-Lemeshow test p = 0.95) and female inpatients (crude model: B = 1.34, OR =
3.80, 95% CI = 1.79-8.08, p = 0.001, Hosmer-Lemeshow test p = 0.31; adjusted model: B =
1.02, OR = 2.79, 95% CI = 1.23-6.29, p = 0.014, Hosmer-Lemeshow test p = 0.61) (Table 2).

In the ROC analysis, male inpatients showed values of the area under curve = 0.86, 95%
CI = 0.76-0.96, p < 0.001; for female inpatients, these values were the area under curve =
0.74, 95% CI = 0.64-0.85, p < 0.001. The cut-off points for suspected malnutrition using PA
were 4.03 degrees (sensitivity; 87.0%, specificity; 75.9%) for male inpatients and 3.65 degrees
(sensitivity; 78.6%, specificity; 60.5%) for female ones (Figures 2 and 3).
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Potentially eligible participants (n=259)

Analyzed (n=160)

criteria (n=96)

Exclude because the age does not meet the

Amputation (n=2)
Pacemaker (n=1)

Exclude because impossible to measure
with the bioelectrical impedance (n=3)

Fig. 1 Study flow chart

Table 1 Participant characteristics
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All (160) Male (59) Female (101)
78.0 (5.3) 76.5 (5.4) 78.8 (5.2)
Age (years) mean (SD) range 65-84 65-84 65-84
Peri(.)d.from onset to mean (SD) range 33.1 (14.1) 33.9 (14.6) 32.6 (13.8)
admission (days) 2-61 2-61 5-61
o 3.9 (0.9 4.1 (1.0) 3.8 (0.9)
Phase angle (°) mean (SD) range 20-8.3 2983 20270
Geriatric Nutritional Risk mean (SD) range 95.4 (10.2) 95.3 (10.3) 95.5 (10.1)
Index 67.2-119.7 76.2-119.0 67.2-119.7
49.9 (19.7) 474 (21.3) 52.2 (18.1)
mFIM score mean (SD) range 13-87 13-87 1382
5.7 (1.3) 6.5 (1.3) 5.2 (1.0)
SMI (kg/nr’) mean (SD) range 5 10 43-10.2 2278
Admission diagnosis, n (%)
Hemorrhagic stroke 16 (10.0) 12 (20.3) 4 (4.0)
Ischemic stroke 22 (13.8) 13 (22.0) 9 (8.9)
Hip fracture 57 (35.6) 16 (27.1) 41 (40.6)
Vertebral compression fracture 32 (20.0) 8 (13.6) 24 (23.8)
Pelvic fracture 5 (3.1) 1 (1.7) 4 (4.0)
Spinal canal stenosis 6 (3.8) 2 (34) 4 (4.0)
Spinal cord injury 6 (3.8) 3 (5.1) 3 (3.0
Other 16 (10.0) 4 (6.8) 12 (11.9)
Prevalence of malnutrition*, n (%) 94 (58.8) 33 (55.9) 61 (60.4)

mFIM: motor Functional Independence Measure
SD: Standard Deviation
SMI: Skeletal Muscle Index.

* Malnutrition was defined as Geriatric Nutritional Risk Index 98 or less.
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Table 2 Binary logistic regression analysis for malnutrition with phase angle as an independent variable
Male Female

Model B OR (95% CI) p-value B OR (95% CI) p-value

Crude model 242 11.20 (2.99-41.95) <0.001 1.34 3.80 (1.79-8.08) 0.001

Adjusted model ~ 2.51 12.31 (2.36-64.07) 0.003 1.02 2.79 (1.23-6.29) 0.014

Crude model: males: p < 0.001, females: p < 0.001.

Hosmer-Lemeshow test; males: p = 0.783, females: p = 0.315.
Adjusted model: males: p < 0.001, females: p < 0.001.

Hosmer-Lemeshow test; males: p = 0.950, females: p = 0.613.

Adjusted model adjusted for motor Functional Independence Measure score and Skeletal Muscle Index
in both male and female inpatients.
OR: odds ratio
CI: confidence interval
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Fig. 2 Receiver operator characteristic (ROC) curve of phase angle for malnutrition among male inpatients
AUC: Area under the ROC curve
CI: confidence interval.
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Fig. 3 Receiver operator characteristic (ROC) curve of phase angle for malnutrition among female inpatients
AUC: Area under the ROC curve
CI: confidence interval.

DISCUSSION

In this study, PA was found to be an important factor related to malnutrition in both male
and female inpatients. In addition, our results showed cut-off points to predict malnutrition of
4.03 degrees in male inpatients and 3.65 degrees in female ones. Previous studies have reported
that PA can predict nutritional status.”!® However, PA has not previously been targeted for use
in older patients and has not been analyzed according to sex. Therefore, in our study, we first
examined the relationship between PA and nutritional status in older inpatients, according to sex.
We found significant correlation between PA and malnutrition in both male and female inpatients.
Although PA has been reported to show sex differences, the results of our study suggested that
PA is associated with malnutrition in both male and female patients. As PA has been reported
to be useful as an independent indicator for predicting malnutrition,'® even in older patients, PA
may be an important factor that reflects malnutrition in both male and female inpatients. After
confirming the association between PA and nutritional status in older inpatients, we determined the
cut-off of PA to predict malnutrition among older inpatients according to sex. To our knowledge,
this is the first verification of this cut-point.
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Kyle et al’ reported that the cut-off value for malnutrition using PA is 5.0 degrees for male
patients and 4.6 degrees for female ones. Varan et al'® reported a cut-off value of 4.7 degrees. In
this study, the cut-point for malnutrition was 4.03 degrees for male inpatients and 3.65 degrees
for female ones. Our study participants were limited to older inpatients, except for oldest-old
patients, and were analyzed according to sex; these factors may account for our results, which
differed from previously reported results. In addition, PA has been suggested to differ by ethnic-
ity.*® There is a possibility that our results differed from those of previous studies because we
included participants of different ethnicities.

Bioelectrical impedance analysis is a promising evaluation tool that is safe, does not burden
the patient, and does not require specialized skills or experience in the examiner.*’ As malnutrition
affects various health-related outcomes, the results of our study demonstrated a method to easily
assess malnutrition that would be useful to assist in the recovery of older hospitalized patients.
Furthermore, the reliability of our results among older inpatients can be considered to be high
because we compared the PA with the GNRI, which was developed to evaluate malnutrition in
older people. In the future, bioelectrical impedance analysis should be confirmed as a useful
method by longitudinally examining changes in malnutrition and PA.

The present study has several limitations. It has been suggested that PA decreases with severity
of osteoporosis®! and musculoskeletal diseases.'® Many participants in this study were patients with
fractures. Therefore, the study population may have included many patients with decreased bone
density, which may affect the results. In addition, PA is associated with inflammation'’: however,
we had insufficient control regarding the period from onset, which may affect inflammation. It is
recommended that some conditions, such as fasting, be met when conducting measurement using
bioelectrical impedance analysis; in this study, the conditions before measurement could not be
strictly controlled.’> By controlling these factors, malnutrition may be more accurately predicted.

CONCLUSION

The results of this study indicate that PA is an important factor for predicting malnutrition in
older inpatients of both sexes, and that an appropriate cut-off for malnutrition is 4.03 degrees
for male inpatients and 3.65 degrees for female ones.
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