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Background: Phase angle, which is associated with cellular health, has attracted attention as a
noninvasive and objective method for nutritional assessment. However, the association between
malnutrition and phase angle in older inpatients with hip fractures has not been reported. There-
fore, this study investigated this association in older inpatients (aged =65 years) with hip frac-
tures and determined the cutoff phase angle for determining malnutrition. Methods: This
cross-sectional study retrospectively analyzed the data of 96 inpatients with hip fractures who
were hospitalized in rehabilitation units after surgery (male, 29.4%; mean age, 82.4t6.2 years).
Nutritional status was assessed using the Geriatric Nutritional Risk Index (GNRI), with malnutri-
tion defined as a GNRI 298. Bioelectrical impedance analysis was used to measure phase angles.
Results: The phase angle was associated with malnutrition (B=—1.173; odds ratio=0.310; 95%
confidence interval 0.58-0.83; p=0.015). The area under the receiver operating characteristic
curve was 0.71. The cutoff phase angle for malnutrition was 3.96° (sensitivity=0.85, specifici-
ty=0.63). Conclusion: Phase angle could be an indicator of malnutrition in older inpatients with

hip fractures. Our findings will help formulate rehabilitation strategies for these patients.
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INTRODUCTION

The incidence of hip fractures is increasing worldwide.” Hip frac-
ture is associated with increased hospitalization and rehabilitation
costs, a high societal burden given its association with adverse out-
comes, including depression and cardiovascular diseases.” In Ja-
pan, the cost of treating patients with hip fractures leads to eco-
nomic burdens on society.” Additionally, older adults with hip
fractures have high mortality rates.” Therefore, effective rehabilita-
tion measures are essential for older adults with hip fractures.

Due to insufficient recovery, many older adults with hip frac-
tures require assistance in their daily activities. Specifically, 20%—
60% of older adults with hip fractures require assistance for one

year after treatment, despite having been independent in daily life

before their injury.” Furthermore, >40% of individuals present
with new-onset walking disability six months after a hip fracture,”
indicating the insufficiencies of strategies to promote recovery in
older patients with fractures.

Several factors, including age, sex, and comorbidities, can hinder
recovery in patients with a hip fracture,” with malnutrition being a
crucial modifying factor.”” Malnutrition further increases the risk
of institutionalization and mortality in older inpatients with hip
fractures.” Therefore, the accurate assessment of the nutritional
status of older inpatients with hip fractures and the provision of
appropriate interventions are essential.

However, the subjective nutritional assessments recommended
in inpatient and rehabilitation settings, including the Nutritional
Form for the Elderly and Mini Nutritional Assessment Short Form
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Version 1 ,m) are dependent on changes in weight and food intake.
Therefore, their ability to accurately assess patients with severe
cognitive impairment may be limited. Additionally, these assess-
ments demonstrate interobserver Variability.”) While objective
nutritional assessments, including the Geriatric Nutritional Risk
Index (GNRI),"” are dependent on serum albumin concentration,
which is measured using blood tests, blood tests are invasive and
may not be performed routinely. Therefore, new objective and
routine assessment methods are required.

Phase angle, which can be measured using bioelectrical imped-
ance analysis, is associated with cellular health. The phase angle
has recently received attention as a noninvasive and objective
method for nutritional assessment.'”"” Poor nutritional status
damages cells, thus decreasing the phase angle; hence, the phase
angle can reflect nutritional status. In particular, the phase angle is
useful for nutritional assessment in older inpatients.”*

Bioelectrical impedance analysis is a simple, low-cost, and repro-
ducible tool,'” and the phase angle is a versatile and practical
method that can be used to assess nutrition. Phase angle may be
influenced by certain diseases.”"" For example, postoperative ede-
ma in patients with hip fractures may affect body composition,
which, in turn, influences the phase angle.lg) A previous study
demonstrated a lower phase angle in patients with hip fractures ad-
mitted to rehabilitation units in Japan compared to that of healthy
individuals.”” However, the link between nutritional status and
phase angle in older inpatients with hip fractures has not yet been
investigated.

Nutritional assessment using bioelectrical impedance analysis
may provide useful information for rehabilitation interventions in
patients with hip fractures. Therefore, this study assessed the asso-
ciation between the phase angle measured using bioelectrical im-
pedance analysis and malnutrition in older inpatients with hip
fractures and ascertained the optimal cutoff phase angle for identi-
fying malnutrition.

MATERIALS AND METHODS

Setting, Design, and Participants
This study was conducted at Tokai Memorial Hospital, Kasugai
City, and Saishukan Hospital, Kitanagoya City, both located in Ai-
chi Prefecture, Japan. Both facilities have 50-bed rehabilitation
units used for the rehabilitation of patients who have completed
treatment or surgery. This cross-sectional study retrospectively
collected data from the medical records of hospitalized patients.
We included 103 inpatients with hip fractures aged > 65 years
who were admitted to the rehabilitation unit of Tokai Memorial
Hospital between September 2017 and November 2021 or Saishu-

kan Hospital between December 2019 and November 2021. The
exclusion criteria were the presence of stroke, spinal cord injury, or
other diseases that significantly impaired physical function; an in-
ability to undergo bioelectrical impedance analysis; and missing
values for the data required to calculate the GNRI, including
height, weight, and serum albumin concentration. Finally, the anal-

ysis included 96 participants (Fig. 1).

Procedure

We collected data on age, sex, height, weight, comorbidities, cogni-
tive function, muscle mass, activities of daily living, phase angle,
serum albumin level, date of surgery, and the date on which the
phase angle and serum albumin level were measured from the pa-
tients’ medical records. The body mass index was calculated by di-
viding the weight (kg) by the height (m®).

Comorbidities were assessed using the Charlson Comorbidity
Index (CCI),”” which is positively correlated with mortality risk.
Cognitive function was assessed using the Mini-Mental State Ex-
amination (MMSE), a global cognitive function test used in clini-
cal settings,zz) in which a lower score indicates more severe cogni-
tive impairment. The skeletal muscle index (SMI) was calculated
based on the skeletal muscle mass of the limbs, as measured using
bioelectrical impedance analysis. The SMI was computed by di-
viding the total skeletal muscle mass of the limbs by the patient’s
height (m”). For bioelectrical impedance analysis, both hospitals
used InBody S10 devices (InBody Inc., Tokyo, Japan) and per-
formed the measurements according to the manufacturer’s instruc-
tions. After adequate rest, the InBody S10 was used with each par-
ticipant in the supine position. The electrodes were attached to the
thumb, middle finger, and ankle. All metal objects were removed
from the patients to avoid measurement errors. The motor func-
tional independence measure (mFIM) score was used to evaluate
activities of daily living. The mFIM assesses self-care and mobility,
with higher scores indicating greater independence.

The phase angle was calculated using the resistance and reac-
tance values obtained from the non-fractured limbs and trunk us-

ing bioelectrical impedance analysis at a frequency of 50 kHz."”

| Potentially eligible participants (n=412) |

_| Excluded because age or disease did not meet
the inclusion criteria (n=309)

—>| Excluded based on the exclusion criteria (n=7) |

v
| Included in the analysis (n=96) |

Fig. 1. Study flowchart.
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The phase angle represents cellular health, and the higher the val-
ue, the better the condition. The phase angle is typically between
8°and 15° and decreases with poor health and disease.””

The phase angle was computed using the following equation:
Phase angle (°) = arctan (reactance / resistance) x (180°).

We assessed nutritional status using the GNRI, an objective nu-
trition-related risk index developed for older adults based on the
Nutritional Risk Index. The GNRI is used as a nutritional index
for hospitalized adults' and is an excellent indicator for older in-
patients.”” In this study, we defined malnutrition as a GNRI of
<98, as in previous studies.” The GNRI was calculated using the
following formulas' ?;

GRNI = [14.89 x serum albumin (g/dL)] + 41.7 x [current
weight (kg) / ideal weight (kg)],

where,

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

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

(for women).

Cognitive function assessment, InBody S10 measurement to
calculate muscle mass and phase angle, and assessment of activities
of daily living were performed by physical and occupational thera-
pists at each facility.

Data Analysis

Patient characteristics are described using descriptive statistics. We
analyzed the relationship between malnutrition and other factors
using Spearman rank correlation coefficients. To assess the associ-
ation between the phase angle and malnutrition, we performed a
binomial logistic regression analysis with malnutrition as the de-
pendent variable and variables correlated with malnutrition as in-
dependent variables.

Subsequently, we performed receiver operating characteristic
(ROC) curve analysis to determine the cutoff phase angle for mal-
nutrition and calculated the area under the ROC curve (AUC) as
an indicator of model accuracy, in which a value of > 0.7 indicates
acceptable accuracy.“’zs) The cutoff value was the point on the
ROC curve closest to 1 for “sensitivity” and closest to 0 for “1-
specificity”. The statistical analyses were performed using IBM
SPSS Statistics, version 28.0 (IBM, Tokyo, Japan). Statistical signif-
icance was set at p < 0.0S.
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Ethical Considerations

This study was approved by the Institutional Review Boards of the
Tokai Memorial Hospital (Approval No. 2019-004), Saishukan
Hospital (Approval No. 059), and Seijoh University (Approval
No. 2022C0017). All the study procedures conformed to the prin-
ciples outlined in the Declaration of Helsinki. The results were re-
ported following the Strengthening the Reporting of Observation-
al Studies in Epidemiology statement. Also, this study complied
the ethical guidelines for authorship and publishing in the Annals

. . .. 26
of Geriatric Medicine and Research.”

RESULTS

The mean + standard deviation age of the patients was 82.4+6.2
years, the mean phase angle was 3.96°+0.76° and 76 patients
(79.2%) had malnutrition (GNRI of < 98). The patient character-
istics are listed in Table 1.

Spearman rank correlation coefficient revealed significant cor-
relations between malnutrition and SMI (r=-0.210, p=0.041)
and phase angle (r=- 0.29, p=0.004) but not between malnutri-
tion and the other variables—age (r=0.014, p=0.893), sex (r=
-0.093, p=0.37), CCI (r=0.046, p=0.654), MMSE (r=-0.097,
p=0.366),and mFIM (r=0.051,p=0.619).

Binomial logistic regression confirmed the association of phase
angle with malnutrition—crude model (odds ratio [OR] =0.35,
95% confidence interval [CI] 0.17-0.72) and adjusted model (ad-
justed by age, sex, and SMI; OR=0.31,95% CI 0.12-0.80) (Table
2). The ROC curve analysis revealed an AUC of 0.71 (95% CI

Table 1. Demographic characteristics of the patients (n=96)

Characteristic Value

Age (y) 82.44+6.18
Sex, male 30(29.41)
Height (cm) 151.97 +47.90
Weight (kg) 47.90%9.16
BMI (kg/m’) 20.70+3.29
Charlson Comorbidity Index 1.00 (0.0-2.0)
Mini-Mental State Examination” 2148+5.95
SMI (kg/m”) 5.51+1.01
Motor functional independence measure 50.33+14.96
Phase angle (°) 3.96+0.76
Serum albumin (g/dL) 3451048
Geriatric Nutritional Risk Index 90.07£9.98
Malnutrition (presence)” 76 (79.17)
Days from surgery to bioelectrical impedance analysis 2697 +13.69
Days from surgery blood test 1891+13.60

Values are presented as meantstandard deviation or number (%) or median
(interquartile range).

BMI, body mass index; SMI, skeletal muscle index.

a)Missing rate: 8 (8.3%).

Malnutrition was defined as a Geriatric Nutritional Risk Index of <98.
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Table 2. Results of the binomial logistic regression analysis for malnutrition®

)

Crude model

Adjusted model

B OR (95 CI)

p-value B

OR (95 CI) p-value

Phase angle (°) -1.065 0.345 (0.165-0.720)
SMI R

0.00S

-1.173
-0.772

0.310 (0.120-0.796)
0.462 (0.241-0.887)

0.015
0.020

SMI, skeletal muscle index; OR, odds ratio; CI, confidence interval.

Hosmer-Lemeshow test: crude model (p=0432) and adjusted model (p=0.834).

The model was adjusted for age and sex.
YMalnutrition was defined as a Geriatric Nutritional Risk Index of <98.

0.58-0.83, p=0.001). The cutoff phase angle for malnutrition was
3.96° (sensitivity = 0.8, specificity = 0.63) (Fig. 2).

DISCUSSION

In this study, the cutoft phase angle for identifying malnutrition in
older inpatients with hip fractures was 3.96°. A previous study of
inpatients with various diseases reported a mean phase angle on
admission of 3.9°+ 0.9°, with cutoff phase angles for malnutrition
of 4.03° and 3.65° for men and women, respectively.m This study,
which included only patients with hip fractures, yielded similar re-
sults. Therefore, the cutoff value in this study showed a certain de-
gree of reliability.

Screening for malnutrition is essential to facilitate prompt nutri-
tional intervention in older inpatients with hip fractures.” None-
theless, although subjective scales using questionnaires allow for
convenient nutritional assessment, their reliability remains ques-
tionable."” Although the GNRI is considered a good nutritional
assessment index because it incorporates anthropometric factors
and serum markers,” blood tests are required to calculate the
GNRI and cannot be routinely performed because of the burden
they pose on inpatients. Bioelectrical impedance analysis is safe,
reproducible, and easy for inpatients, and the results are indepen-
dent of the examiner’s level of experience and skill.”” Therefore,
our findings overcome the limitations of conventional nutritional
assessments and allow for prompt and accurate evaluations.

Nutrition-focused strategies are crucial in the rehabilitation of
patients with hip fractures.”” Moreover, routine nutritional assess-
ments and interventions based on these assessments may be bene-
ficial for the recovery of older adults with hip fractures. However,
malnutrition is often not assessed or treated in older adult inpa-
tients."” Therefore, this study, which evaluated a simple method to
screen for malnutrition, will help facilitate the development of
strategies to promote recovery in older inpatients with hip frac-
tures.

The AUC in this study was 0.71, which was sufficient for diag-
nostic accuracy, although it was not ideal.”**” Therefore, the ability
of the phase angle to identify malnutrition is limited. Considering

0.8

0.6

Sensitivity

0.4

0.2

0.0 1

0.0 02 04 056 038 10
1-Specificity

Fig. 2. Receiver operating characteristic curve to estimate the phase

angle cutoff for malnutrition. The phase angle cutoff was 3.96° (sen-

sitivity=0.85, specificity=0.63, area under the curve=0.71, 95% confi-
dence interval 0.58-0.83, p=0.001).

the relatively high sensitivity for discrimination (0.85), it may be
possible to more accurately identify patients with malnutrition by
performing a detailed nutritional assessment of those who fall be-
low the phase angle cutoff for screening.

This study has a few limitations. First, we used only the GNRI to
assess malnutrition; therefore, nutritional assessments should be
performed in conjunction with other assessments. In addition, the
GNRI does not demonstrate high accuracy in assessing hypernu-
trition.”” As such, our findings are specific to malnutrition. Never-
theless, the GNRI is a good nutritional indicator” which can be
used to assess malnutrition in older patients with hip fractures. An-
other consideration is that the phase angle is affected by age and
sex.””* Future studies should consider both age and sex to deter-
mine more accurate cutoff values. Second, while we performed
bioelectrical impedance analysis using the InBody S10 device ac-
cording to the manufacturer’s instructions, we could not confirm
whether the procedures described in these instructions were fol-
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lowed. Third, as all subjects in this study were postsurgical inpa-
tients and serum albumin levels were affected by surgery, surgery
may have influenced the results of this stud)f.33) In addition, the
times between the date of surgery and the bioelectrical impedance
analysis and between the date of surgery and the date of the blood
tests were not consistent. Performing blood tests and bioelectrical
impedance analyses on the same day is likely to yield more accu-
rate results. Nevertheless, the half-life of serum albumin is 20
days,” and the interval between the dates of blood tests and bio-
electrical impedance analysis was approximately 8 days in this
study. Moreover, the results showed a strong association between
the GNRI calculated from serum albumin and the phase angle re-
garding their ability to determine malnutrition, confirming a cer-
tain degree of reliability in the accuracy of the calculated phase an-
gle cutoff; therefore, the results of this study may be applicable to
clinical practice. Finally, selection bias may have resulted from the
exclusion of individuals with missing GNRI values or an inability
to undergo bioelectrical impedance analysis. Nonetheless, this
study proposes a simple and objective malnutrition index for older
inpatients with hip fractures, which has potential for clinical appli-
cations.

In conclusion, this study investigated the utility of the phase an-
gle as an objective nutritional assessment index in older inpatients
with hip fractures. The results suggest that phase angle is a poten-
tially useful screening tool for malnutrition, with a cutoff value of
3.96° in older individuals. Our findings will contribute to the de-
velopment of rehabilitation strategies for older adult patients with
hip fractures. In other words, if the phase angle is indicative of mal-
nutrition, monitoring it during rehabilitation may prevent or re-
duce the occurrence of malnutrition and promote recovery in old-
er patients with fractures.
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