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(B8] F-MUNETI(&, RIEFEZE—EBEMENN (SMUP) EFFRUCMUNEZEE TS, SEl, FH2HBFUZF-MUNEEEN##T 00
SATHEREULKREFEICDWT, FEIRESKUMPS-MUNEELEE L, SMUPE L TERARIEEMEELZ.  [F5iE] RUADAN10F
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(B8H8%) CBE+FBEE (FBEH) , MPS-MUNEDSMUPZLEE Uz,  [#E5R] REFEOBEENEE - FEBFOLLE (E, RIEFROEE
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MUNE (motor unit number estimation) (FESRAIRFHI/IES)E(T B : F-MUNEBE#T T 00 S ADRIEFEOBEERAEZIRIET D.
;ZA!GE/I;%‘C\, Egkiﬂ)%&'@ﬁﬂﬁ?b?’:Cl\{IAP}E%’&_@_ﬁ:)%-EEﬂEﬂ S KU A CRES LRSS 29 5010
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ABSTRACT

Background and purpose: Stroke-induced dysphagia is a critical complication that can lead to severe secondary
worldwide health issues. This retrospective cohort study investigated the association between phase angle (PhA)
and swallowing function in the acute phase of stroke. We aim to establish whether nutritional and muscular
interventions associated with PhA could enhance swallowing recovery and reduce related risks post-stroke.
Methods: Stroke patients requiring rehabilitation were assessed for the association between low PhA—with cutoff
values for low PhA defined as less than 5.28 for men and 4.32 for women—and swallowing function using a
functional oral intake scale (FOIS) on Day 7 after admission and after the completion of acute stroke treatment.
Results: In this study of 140 acute stroke patients (median age 74[69-81], and 85 men and 55 women), 76
patients with low PhA significantly exhibited older age, lower body mass index, more decline in skeletal muscle
mass index, and lower premorbid modified Rankin Scale scores compared to 64 patients with high PhA.
Multivariate linear regression revealed that low PhA was independently associated with FOIS scores on Day 7
after admission (p=-0.143 and p=0.036) and after the completion of acute stroke treatment (f=-0.513 and
p=0.024), even when adjusting for confounding factors.

Conclusions: Low PhA is associated with swallowing function in patients with acute stroke. Nutritional and

physical interventions improving PhA may lead to a reduction of the risk associated with stroke sequelae.

1. Introduction

Stroke is a leading cause of disability worldwide, leaving survivors
with a range of long-term complications [1]. Swallowing difficulties are
a common consequence of stroke that can lead to severe complications
such as pneumonia and malnutrition [2,3]. The importance of assessing
and managing swallowing functions in stroke treatment cannot be
overstated, as early intervention can significantly reduce the risk of
secondary complications.

Patients who have experienced a stroke and exhibit low muscle mass
or sarcopenia may face challenges in recovering their swallowing ability
during the acute or subacute phase [4-7], placing them at a heightened
risk of undernutrition. These findings indicate that nutritional and
muscle status is linked to the recovery of swallowing function after a
stroke, highlighting the critical need for interventions in nutrition and
physical rehabilitation early in the stroke phase.

Phase angle (PhA) is a non-invasive, low-cost medical indicator that

measures cellular robustness by sending a small electrical current
throughout the body using bioelectrical impedance analysis (BIA), with
an elevated PhA indicating superior physiological efficiency and struc-
tural strength [8,9]. PhA is associated with both nutritional [10] and
skeletal muscle status [11], as well as with sarcopenia following a stroke
[12]. Additionally, there is an association between PhA and swallowing
function in the subacute phase [13]. The relationship between PhA and
swallowing function suggests that improving nutritional and muscle
status is essential in treating dysphagia during acute stroke treatment,
which may lead to a reduction in the risks associated with stroke
sequelae. However, the relationship between PhA and swallowing
function in acute stroke remains unclear.

Here, we present the results of the association between PhA and
swallowing function in the acute stroke phase. This study is significant
because it suggests that improved nutritional and muscle status, as re-
flected by PhA, could enhance swallowing function in patients with
acute stroke.
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2. Materials and methods
2.1. Study and setting

This retrospective cohort study was conducted at the University
Hospital of Occupational and Environmental Health between February
2022 and March 2024. Patients admitted within seven days of acute
ischemic or hemorrhage onset, requiring rehabilitation, were included.
Acute stroke was confirmed using computed tomography or magnetic
resonance imaging. Exclusion criteria included patients discharged
within seven days post-admission; those who were missing data; un-
derwent craniotomy; had lateral medullary syndrome, bilateral hemi-
plegia, comorbidities of neuromuscular disease, or were on
hemodialysis; unable to perform BIA due to conditions such as pace-
maker implantation; died during hospitalization; transferred to another
department because of complications; or exhibited severe dysphagia,
indicated by a premorbid functional oral intake scale (FOIS) score of less
than 5 [14].

2.2. Body composition

PhA calculation was conducted after 10 minutes of rest and at least
2 hours post-prandial; patients were lying positioned for the application
of a 200-pA current at frequencies of 5, 50, and 250 kHz using the
InBody S10 device (InBody Japan, Tokyo, Japan), which measured PhA
and skeletal muscle mass at rehabilitation start. PhA was calculated from
the impedance values of the right half of the body at 50 kHz using the
following equation: arctangent (X/R) x (180/x), where X is the reac-
tance, and R is the resistance [12]. Skeletal muscle mass index (SMI) was
calculated by dividing the measured appendicular skeletal muscle mass
by the squared height in meters. According to the previous report [12],
the cutoff values for low PhA were <5.28 in men and <4.32 in women.
Patients were categorized into high and low PhA groups.

2.3. Swallowing function assessment

Swallowing function was assessed using the modified Water Swal-
lowing Test (MWST) by stroke neurologists, physiatrists, or speech
therapists before starting rehabilitation post-admission. Patients with a
Japan Coma Scale score of 10 or higher [15] skipped the swallowing
evaluation before rehabilitation and started eating based on the swal-
lowing evaluation after they became conscious. The MWST involves
swallowing 3 ml of cold water to evaluate the risk of aspiration [7,16],
with scoring from 1 to 5: 1 for unable to swallow, 2 for swallowing with
respiratory distress, 3 for coughing or wet voice after swallowing, 4 for
no cough after swallowing, and 5 for the ability to swallow twice
consecutively without coughing or wet voice. Swallowing screening
results, pre-stroke dietary habits, and dental status were considered in
determining the appropriate dietary form. The dietary form was evalu-
ated using FOIS [14]. The FOIS is a reliable assessment scale for eval-
uating swallowing function in stroke patients. It includes a seven-point
scale ranging from 1, indicating "nothing by mouth," to 7, indicating
"total oral intake with no restrictions." The scale details are as follows: 1
represents "nothing by mouth"; 2 signifies "tube-dependent with mini-
mal attempts at food or liquids"; 3 denotes "tube-dependent and alter-
native nutrition"; 4 describes "total oral diet of a single consistency"; 5
involves "total oral intake requiring special preparation or compensa-
tion"; 6 refers to "total oral intake with specific food limitations"; and 7
stands for "total oral intake with no restrictions."

2.4. Primary outcomes

The outcomes of this study are FOIS scores at two different time
points: on the seventh day of hospitalization and after the completion of
acute stroke treatment. Upon neurologists completing acute stroke
therapy, patients fit for discharge may return home. At the same time,
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those requiring ongoing rehabilitation due to complications may be
transferred to a rehabilitation unit in the hospital or another convales-
cent hospital. Patients with no expected further improvement in post-
stroke functional disabilities may be admitted to a specialized care
facility.

2.5. Data collection

We collected baseline and outcome information from the medical
charts, including age, sex, body mass index (BMI), National Institutes of
Health Stroke Scale(NIHSS) score, time from onset to admission, pre-
morbid modified Rankin Scale(mRS), subtypes of stroke, paralysis-side,
lesion location, use of tissue plasminogen activator and thrombectomy,
medical conditions, and laboratory values such as hemoglobin, and C-
reactive protein. Data on pneumonia occurrence between Day 1 and 7
and patient destination pre- and post-acute phase were also included. All
data were assessed within five days after admission. Laboratory values
were assessed at admission.

2.6. Rehabilitation

Physiatrists tailored a comprehensive physical, occupational, and
speech therapy regimen for each stroke patient based on their specific
condition, thereby providing holistic rehabilitation. Each therapy ses-
sion lasted between 20 and 40 minutes, adapted to the patient’s unique
needs. Patients with severe paralysis or dysphagia tended to receive
rehabilitation more frequently, whereas speech therapy might not be
administered if dysphagia was not present. In physical and occupational
therapy, patients underwent range of motion exercises, muscle
strengthening, activities of daily living training, gait training, and other
functional mobility exercises. Speech therapy addressed deficits in
voice, speech, and swallowing functions through vocalization exercises,
articulation practice, language comprehension, and expression training,
and feeding and swallowing rehabilitation; feeding and swallowing in-
terventions comprised indirect techniques such as oral-motor exercises,
multiple dry swallows, and coordination of breath-hold with swallow-
ing, as well as direct techniques utilizing liquids or gels. Furthermore,
mealtime observations were conducted to assess safe swallowing and
adequate mastication. The rehabilitation team, including neurologists,
physiatrists, nurses, and registered dietitians, collaborated to adjust the
dietary form appropriate to the patient’s condition.

2.7. Statistical analysis

Quantitative variables are presented as means (standard deviation)
or medians [25th - 75th percentiles], based on the Shapiro-Wilk test for
normality, while categorical variables are reported as frequencies
(percentages). Between high and low PhA groups, an independent t-test
and Mann-Whitney U test were applied to quantitative variables.
Depending on expected frequencies, the chi-square or Fisher’s exact test
was used for categorical variables. A probability value of <0.05 was
considered significant.

Multivariate linear regression analysis of 2 models with FOIS scores
on Day 7 after admission and after the completion of acute stroke
treatment as the dependent variables were performed. Models 1 and 2
incorporated low PhA and confounding variables as independent vari-
ables. Models 3 and 4 included PhA along with the same confounding
variables. These confounding variables include factors related to stroke-
associated dysphagia, such as age, sex, NIHSS scores, premorbid mRS,
type of stroke (ischemic vs intracranial hemorrhage), brainstem lesions,
FOIS at the start of rehabilitation, and SMI [5,17,18]. Given that
multivariate linear regression analysis requires a minimum of 15 cases
per independent variable, this study required at least 135 cases to
accommodate the nine variables in the model. Multicollinearity was
assessed using the variance inflation factor, with a value below three
generally indicating the absence of multicollinearity.
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Table 1

Comparison of patients with high and low phase angle.
High PhA group Low PhA group P value
N=64 N=76

Age, year 70 [63-75] 79 [74-84] <0.001

Male / women 40/ 24 45/ 31 0.731

BMI, kg/m?> 25.1 [21.8 - 21.8 [19.6-25] <0.001

27.7]

PhA, ° 5.8 [5.4 -6.2] 4.15 [3.5 - 4.6] <0.001

SMI, kg/m2 7.11 (1.38) 5.96 (1.22) <0.001

NIHSS, scores 3 [2-7] 4 [2-8] 0.219

Days from onset to admission 0 [0-1] 0[0-1] 0.987

Premorbid mRS 0 [0] 0 [0-3] <0.001

Predestination before onset 0.25
Home 64 (100 % ) 73(96.1 %)

Care facility 0(0%) 3(39%)

Stroke subtypes 0.134
Atherosclerosis 21 (328%) 28 (36.8%)
Cardioembolic 5(7.8%) 14 (18.4%)

Small vessel occlusion 9(141%) 14 (18.4% )
Intracranial hemorrhage 10 (15.6 %) 6(18.4%)
Others 19 (29.7 %) 14 (18.4%)

Location of stroke lesion
Supratentorial 53(82.8%) 65 (85.5%) 0.816
Brainstem 7 (10.9%) 6(7.9%) 0.571
Cerebellar 6(9.4%) 3(39%) 0.301

Paralysis 0.839
Right 21(32.8%) 28 (36.8% )

Left 30 (46.9 % ) 32(421%)
No 13 (20.3 %) 16 (21.1 %)

Use of tissue plasminogen 5(7.8%) 6(79%) 1.0
activator

Thrombectomy 2(31%) 6(7.9%) 0.29

Medical condition
Hypertension 40 (62.5%) 54(71.1%) 0.367
Diabetes mellitus 9(141%) 20 (26.3%) 0.095
Dyslipidemia 23(359%) 29(38.2%) 0.861
Atrial fibrillation 3(47%) 15(19.7 %) 0.010
Previous stroke 17 (26.6 % ) 24 (31.6%) 0.578

Hemoglobin, g/dL 14(1.8) 129(1.9) <0.001

C-reactive protein, mg/dL 0.23 [0.07 - 0.16 [0.09 — 0.706

0.49] 0.76]

Aspiration pneumonia onset 4(6.3%) 13(17.1%) 0.07
until Day 7

Physical therapy days until Day 4 [3,4] 4 [3,4] 0.401
7

Occupational therapy days until 4 [3,4] 4 [3,4] 0.691
Day 7

Speech therapy days until Day 7 3 [0—4] 3 [2-4] 0.678

Days during the acute phase 13 [10-20] 15 [10-21] 0.174

Destination after the completion 0.030
of acute treatment
Home 25 (39.1%) 16 (21.1%)

Convalescent hospital
Rehabilitation units
Care facility

21 (32.8%)
18 (28.1%)
0(0%)

35 (46.1% )
21 (27.6 %)
4(53%)

Divided high and low PhA values based on the cutoff values of <5.28° in men
and <4.62 in women.

PhA, phase angle; BMI, body mass index, NIHSS, National Institutes of Health
Stroke Scale; mRS, modified Rankin Scale; SMI, skeletal muscle mass index.

2.8. Ethics

This study was conducted according to the Declaration of Helsinki
and approved by the Ethics Committee of the University of Occupational
and Environmental Health [CR23-110]. Due to the study’s retrospective
observational nature, written informed consent was not obtained.
However, all patients retained the right to withdraw from the study at
any point.

3. Results

Of 179 consecutive acute stroke patients who were admitted within
seven days after onset and required rehabilitation, we excluded patients
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Table 2
Swallowing results at the start of rehabilitation, on Day 7 after admission, and
after acute stroke treatment.

FOIS High PhA group  Low PhA group P
N=64 N=76 value
At rehabilitation started 6 [2-7] 5 [2-7] 0.393
1 16 16
2 2 4
3 0 0
4 3 7
5 10 18
6 5 7
7 28 24
On Day 7 7 [5-71 5[2-6] 0.001
1 6 13
2 0 7
3 0 1
4 2 2
5 18 25
6 6 9
7 32 19
After the completion of acute 7 [5-71 5 [4-7] 0.002
stroke treatment
1 1 8
2 2 6
3 1 3
4 2 3
5 19 25
6 7 9
7 32 22

Divided high and low PhA values based on the cutoff values of <5.28° in men
and <4.62 in women.
FOIS; functional oral intake scale; PhA, phase angle.

as follows: 6 patients discharged within seven days of admission, 4 with
missing data, 2 patients who underwent craniotomy, 2 patients with
lateral medullary syndrome, 7 patients with bilateral hemiplegia, 1
patient with neuromuscular disease, 8 patients with hemodialysis, 5
patients with a pacemaker, 1 patient who died during hospitalization, 2
patients who transferred to another department because of complica-
tions other than stroke, and 1 patient with severe dysphagia before
stroke onset. Therefore, 140 acute stroke patients (median age 74
[69-81], 85 men and 55 women, and median days between onset and
admission 0 [0,1]) were analyzed in this study.

Table 1 compares 64 patients with high PhA and 76 with low PhA.
Those with low PhA were older, had lower BMI, greater decline in SMI,
lower premorbid mRS scores, and more comorbidities with atrial
fibrillation (p-values <0.001 and 0.01, respectively). Regarding
discharge destinations, a higher percentage of patients in the low PhA
group were transferred to convalescent hospitals or care facilities than
those in the high PhA group (p=0.03).

Table 2 presents the FOIS scores, indicating swallowing outcomes. At
the start of rehabilitation, the median FOIS scores were 5 [2-7] for pa-
tients with low PhA and 6 [2-7] for those with high PhA, showing no
significant difference (p=0.393). However, significant differences
emerged by Day 7 post-admission (median FOIS scores: 7 [5-7] vs 5
[2-6], p=0.001) and after the completion of acute stroke treatment
(median FOIS scores: 7 [5-7] vs 5 [4-6], p=0.002) between patients
with high and low PhA.

Tables 3 and 4 display results from multivariate linear regression
analyses of FOIS scores on Day 7 after admission and after the
completion of acute stroke treatment. The studies revealed that low PhA
was independently associated with lower FOIS scores both on Day 7
after admission (p = —0.143, B = —0.59; 95 % CL: —1.141 to —0.04; p =
0.036) and after the completion of acute stroke treatment (p = —0.513, B
= —0.55; 95 % CI: —1.027 to —0.074; p = 0.024). These models were
adjusted for age, sex, NIHSS points, premorbid mRS, type of stroke
(ischemic or intracranial hemorrhage), brainstem lesion, initial FOIS
scores, and SMI. However, PhA was not significantly associated with
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Table 3

Multivariate linear regression analysis with functional oral intake scale on Day 7 after admission and after the completion of acute stroke treatment with low phase
angle and confounding variables.

Variables Model 1 Model 2

Outcome FOIS on Day 7 after admission Outcome FOIS after the completion of acute stroke treatment

p B (195 %CI ) P value p B (195 %CI ') P value
Age -0.106 -0.02 ( -0.044, 0.012) 0.110 -0.06 -0.01 ( -0.031, 0.012 ) 0.366
Men -0.07 -0.279 ( -0.845, 0.288 ) 0.332 -0.025 -0.09 (-0.581, 0.4 ) 0.715
NIHSS -0.35 -0.107 ( -0.15, —0.063 ) <0.001 -0.322 -0.086 ( -0.123, —0.048 ) <0.001
Premorbid mRS -0.045 -0.058 ( -0.242, 0.126 ) 0.535 -0.119 -0.158 ( -0.318, 0.001 ) 0.051
Ischemic stroke -0.023 -0.097 ( -0.644, 0.451 ) 0.727 -0.053 -0.223 (-0.696, 0.251 ) 0.354
Brainstem lesion -0.03 -0.225 ( -1.009, 0.558 ) 0.571 -0.012 -0.076 ( -0.754, 0.602 ) 0.825
FOIS at rehabilitation started 0.441 0.385 ( 0.258, 0.511) <0.001 0.47 0.356 ( 0.247, 0.466 ) <0.001
SMI 0.088 0.129 (-0.099, 0.357 ) 0.264 0.048 0.062 ( -0.136, 0.259 ) 0.538
Low PhA -0.143 -0.59 (-1.141, —0.04) 0.036 -0.153 -0.55 ( -1.027, —0.074 ) 0.024

Model 1, adjusted R2=0.591, p<0.001

Model 2, adjusted R?=0.599, p<0.001

Low PhA was the cutoff value of <5.28 in men and <4.62 in women.

NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; FOIS, functional oral intake scale; SMI, skeletal muscle mass index; PhA, phase angle.

Table 4
Multivariate linear regression analysis with functional oral intake scale on Day 7 after admission and after the completion of acute stroke treatment with phase angle
and confounding variables.

Variables Model 3 Model 4

Outcome FOIS on Day 7 after admission Outcome FOIS after the completion of acute stroke treatment

B B (95 %CI) P value f B (95 %CI) P value
Age -0.075 -0.024 ( -0.049, 0.001 ) 0.057 -0.130 -0.012 ( -0.033, 0.009 ) 0.267
Men -0.054 -0.4 (-0.959, 0.16 ) 0.16 -0.095 -0.199 ( -0.682, 0.284 ) 0.416
NIHSS -0.311 -0.103 ( -0.147, —0.059 ) <0.001 -0.338 -0.083 (-0.121, —0.044 ) <0.001
Premorbid mRS -0.115 -0.066 ( -0.259, 0.127 ) 0.502 -0.043 -0.153 (-0.32, 0.014 ) 0.071
Ischemic stroke -0.064 -0.149 ( -0.7, 0.402 ) 0.593 -0.031 -0.267 ( -0.743, 0.208 ) 0.268
Brainstem lesion -0.010 -0.211 ( -1.0, 0.582) 0.6 -0.030 -0.06 ( -0.745, 0.625 ) 0.863
FOIS at rehabilitation started 0.481 0.392 ( 0.264, 0.52) <0.001 0.452 0.364 ( 0.254, 0.475) <0.001
SMI 0.045 0.143 (-0.097, 0.383 ) 0.242 0.010 0.057 ( -0.15, 0.264 ) 0.586
PhA 0.126 0.144 ( -0.113, 0.401 ) 0.269 0.087 0.183 ( -0.039, 0.405 ) 0.105

Model 3, adjusted R2=0.591, p<0.001
Model 4, adjusted R?=0.599, p<0.001

NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; FOIS, functional oral intake scale; SMI, skeletal muscle mass index; PhA, phase angle.

FOIS scores either on Day 7 after admission (p = —0.126, B = —0.144;
95 % CI: —0.113-0.401; p = 0.269) or after the completion of acute
stroke treatment (p = —0.087, B = —0.55; 95 % CI: —0.039-0.405; p =
0.105).

4. Discussion

We have shown that low PhA was negatively associated with FOIS on
Day 7 of hospitalization and after acute stroke treatment. As far as we
know, this is the first study to demonstrate a negative relationship be-
tween PhA and swallowing function in patients with acute stroke.

According to the study by Fukuma et al., sarcopenia has been asso-
ciated with the onset of dysphagia in patients with acute stroke. It is
essential to diagnose sarcopenia by measuring grip strength on the non-
paralyzed side and SMI [7,12,19]. However, consciousness disorders
after a stroke may challenge grip strength measurement. Muscle
strength diminishes due to muscle wasting with rest [20,21], and
intravenous therapy-related lower limb edema can make skeletal muscle
mass measurement inaccurate. Sato et al. [12] propose a cutoff value of
PhA for identifying sarcopenia in patients with acute stroke as 5.28 for
men and 4.62 for women, which may be more clinically useful than
diagnosing sarcopenia alone for identifying patients at high risk of
decreased swallowing function.

PhA measurement, which is unaffected by consciousness disorders, is
non-invasive and quick, making it a potential alternative to grip strength
and SMI for sarcopenia diagnosis. PhA reflects cell health, with low
values indicating reduced physiological efficiency at the cellular level

[8,9]. This reduction could affect the functionality of skeletal muscles
involved in swallowing and their coordination post-stroke.

Our study found that patients with low PhA had decreased skeletal
muscle mass. Since low skeletal muscle mass indicates nutritional status
[22,23], the impaired swallowing function in patients with low PhA
suggests malnutrition may impede the recovery of this function.

More patients had low PhA than reported by Sato et al. [12]. Unlike
our patient selection criteria, Sato et al. included patients with mild
illness within seven days of admission and patients with severe distur-
bance of consciousness. This difference suggests that many of the pa-
tients in our study had low PhA.

In our multivariate linear regression analysis, low PhA was inde-
pendently associated with FOIS scores on Day 7 after admission and
after the completion of acute stroke treatment, however, PhA was not
associated. This may indicate that some conditions may be more prone
to the emergence of health risks reflected in the PhA at a certain point in
post-stroke swallowing function. Further studies are needed to deter-
mine whether the PhA cutoff values adopted in this study are appro-
priate for identifying health risk emergence in stroke treatment.

While the beta coefficient for PhA is relatively tiny ($=0.143), its
statistical significance in the regression model indicates a consistent
influence on swallowing function that is not due to chance, suggesting a
meaningful impact despite its modest size. Moreover, previous research
has demonstrated that low PhA, assessed with the same cutoff used in
our study, is associated with a higher likelihood of home discharge
among elderly stroke patients [24]. This finding highlights the broader
clinical significance of phase angle, emphasizing its value in predicting
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patient outcomes and justifying its inclusion in studies assessing re-
covery and rehabilitation in this population.

This study has several limitations. It is a single-center study, which
may limit the generalizability of the findings. The causal relationship
between PhA value and swallowing function cannot be established
because of its observational nature. Details of swallowing function
before hospitalization were not assessed. The upper limit of recovery of
swallowing function in patients with high PhA may have been lower
than for patients without low PhA. The hospitalization was within seven
days of onset, leading to potential variability in PhA measurement.
Future studies should be conducted using a protocol that standardizes
the time from onset to PhA measurement. In conclusion, low PhA is
negatively associated with swallowing function in patients with acute
stroke. Nutritional and physical interventions improving PhA may lead
to a reduction of the risk associated with stroke sequelae.
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Background and aims: Early detection and management of sarcopenia in patients with connective tissue
diseases (CTDs) are essential. However, the relationship between the phase angle and sarcopenia in
patients with CTDs is unknown. This study investigated the association between the phase angle and
sarcopenia in patients with (CTDs) and determined the optimal phase angle cutoff values for the early

Keywords:' detection of sarcopenia.
i;rCOPe“‘? Methods: A retrospective cross-sectional study was conducted in 279 hospitalized patients with CTDs
ase angle

undergoing rehabilitation (median age 73.3 years; 80 men and 199 women). Bioimpedance analysis was

used to measure the phase angle, and sarcopenia was assessed according to the Asian Working Group for

Sarcopenia criteria.

Results: Sarcopenia was identified in 134 patients (36 men and 98 women). Patients with sarcopenia had

a significantly smaller phase angle than those without sarcopenia. Multivariate analysis revealed that

phase angle was significantly associated with sarcopenia after adjusting for confounding factors in each

sex. The optimal phase angle cutoff value for identifying sarcopenia was 4.6° for men and 4.3° for

women, with area under the curve values of 0.795 and 0.754, respectively.

Conclusion: Phase angle is a valuable marker for identifying sarcopenia in patients with CTDs. The

established phase angle cutoff values of 4.6° in men and 4.3° in women can facilitate the early detection

and management of sarcopenia.

© 2024 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

Connective tissue diseases
Bioimpedance analysis

1. Introduction deformities. Steroid treatment reduces muscle strength and mass

and increases the risk of sarcopenia [3,4].

Connective tissue diseases (CTDs) are characterized by systemic
inflammation and tissue destruction through autoimmune mech-
anisms, seriously affecting overall health [1,2]. CTDs include a
diverse group of diseases, such as rheumatoid arthritis (RA), sys-
temic sclerosis (SSc), polymyositis/dermatomyositis (PM/DM), and
systemic lupus erythematosus (SLE), among others. These diseases
can cause chronic systemic inflammation, joint pain, and

Sarcopenia is a skeletal muscle disease characterized by pro-
gressive and generalized loss of muscle mass and strength, result-
ing in significant health risks such as falls and increased mortality
[5,6]. Therefore, early detection and intervention of sarcopenia in
patients with CTDs are essential.

The phase angle is a continuous measure calculated using bio-
impedance analysis (BIA), reflecting cell membranes’ stability and

Abbreviations: AAV, anti-neutrophil cytoplasmic antibody-associated vasculitis; AUC, area under the curve; BIA, bioimpedance analysis; BMI, body mass index; CTDs,
connective tissue diseases; CRP, C-reactive protein; DEXA, Dual X-ray Absorptiometry; ECW/TBW, extracellular water-to-total body water; GCA, giant cell arteritis; HGS,
handgrip strength; MCTD, mixed connective tissue disease; PM/DM, polymyositis/dermatomyositis; RA, rheumatoid arthritis; ROC, receiver operating characteristics; SLE,
systemic lupus erythematosus; SMI, skeletal muscle index; SS, Sjogren's syndrome; SSc, systemic sclerosis; VIF, variance inflation factor.

* Corresponding author. 1-1 Iseigaoka, Yahatanisihi-ku, Kitakyushu 807, Japan.

E-mail address: mori-re-ha2018@med.uoeh-u.ac.jp (T. Moriyama).
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2405-4577/© 2024 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights are reserved, including those for text and data mining, Al
training, and similar technologies.
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water balance in the body [7,8]. It assesses health risks non-
invasively and at a low medical cost. A low phase angle has been
reported to be associated with skeletal muscle status, such as
decreased muscle strength and mass, as well as nutritional status
[9—-12]. Phase angle is negatively associated with sarcopenia in
patients with stroke, heart disease, and cancer [13—17]. While the
impact of sarcopenia on health is based on its presence or absence,
a lower phase angle has been reported to be associated with higher
all-cause mortality [18—20], providing a continuous measure of
impact on health. Phase angle may be a better indicator of health
risk than sarcopenia. However, the relationship between the phase
angle and sarcopenia in patients with CTDs is unknown.

We investigated the association between the phase angle and
sarcopenia in patients with CTDs and calculated cutoff values for
the early detection of sarcopenia.

2. Methods
2.1. Study settings and patients

This retrospective cross-sectional study included admitted pa-
tients with CTDs who underwent rehabilitation between February
2022 and March 2024. The study included patients diagnosed with
CTDs. The diagnosis of CTDs was based on the respective classifi-
cation criteria [21—24] or requirements defined by the Japan
Research Committee on Intractable Diseases of the Ministry of
Health, Labor and Welfare [25]. Rehabilitation was performed to
ameliorate the decline in physical activity during inpatient treat-
ment. Patients with unhealed fractures on the right side, acute
stroke, and missing data were excluded. This study was approved
by the Ethics Committee of the University of Occupational and
Environmental Health [CR23-110] and was conducted in accor-
dance with the Declaration of Helsinki. Due to the retrospective
observational design of the study, written informed consent was
not required. All the patients had the option to withdraw from the
study at any time.

2.2. Phase angle and sarcopenia assessment

At the start of rehabilitation, we used a BIA device (InBody S10,
InBody Japan, Tokyo, Japan) to assess patients lying after resting for
10 min and fasting for at least 2 h. Phase angle was calculated from
the impedance values of the right side at 50 kHz using the equation
arctangent (X/R) x (180/w), where X represents reactance and R
represents resistance. Extracellular water-to-total body water ratio
(ECW|TBW) and appendicular skeletal muscle mass were
measured. The skeletal muscle index (SMI) was the ratio between
appendicular skeletal muscle mass and height. Handgrip strength
(HGS) was measured twice for each hand using a handgrip dyna-
mometer (Grip-D, Takei Scientific Instruments, Niigata, Japan), with
the highest value used for analysis. Sarcopenia was defined as low
HGS and SMI using cutoff values of <28 kg and <7.0 kg/m? for men
and <18 kg and <5.7 kg/m? for women, as per the Asian Working
Group for Sarcopenia 2019 criteria [4].

2.3. Medical record data

Medical charts collected data on body mass index (BMI),
comorbidities, use of disease-modifying antirheumatic drugs, oral
prednisolone dose, and days from admission to rehabilitation. The
CTD types were categorized as RA, SSc, PM/DM, anti-neutrophil
cytoplasmic antibody-associated vasculitis (AAV), Sjogren's syn-
drome (SS), SLE, mixed connective tissue disease (MCTD), giant cell
arteritis (GCA), and others. C-reactive protein (CRP) and hemoglo-
bin levels were assessed upon admission.
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2.4. Statistical analysis

All statistical analyses were conducted using the “EZR” software
for Windows [26]. Statistical significance was set at p < 0.05. Cat-
egorical variables are presented as numbers and percentages.
Ordinal variables were presented as a median and interquartile
range [IQR, 25th-75th percentiles]. Continuous variables were
presented as mean and standard deviation or median and [IQR],
depending on the data distribution normality, which was assessed
using the Shapiro—Wilk test. When comparing patients with and
without sarcopenia, categorical variables were analyzed using chi-
square and Fisher's exact tests. Quantitative variables, including
ordinal and continuous variables, were analyzed using the t-test or
Mann—Whitney U test after normality assessment using the
Shapiro—Wilk test. Pearson and Spearman rank correlation ana-
lyses assessed the correlation coefficients between the phase angle
and sarcopenia-related factors, including age, BMI, HGS, SMI, and
hemoglobin level for each sex. Multivariate linear regression
analysis of the phase angle was performed for each sex. Models 1
and 2 included age, BMI, RA incidence, ECW/TBW, hemoglobin
level, and sarcopenia. Multicollinearity was evaluated using the
variance inflation factor (VIF), with a VIF range of 13 indicating no
multicollinearity. The optimal cutoff values of the phase angle for
distinguishing sarcopenia were determined using receiver oper-
ating characteristic (ROC) curves for both sexes based on the You-
den index.

3. Results

Of the 283 hospitalized patients with CTDs, one with an un-
healed fracture on the right side, one with acute stroke and two
with missing data were excluded. The final analysis included 279
patients (median age 73.3 years; 80 men and 199 women; median
phase angle, 4.3°).

Table 1 shows patient characteristics and comparisons between
patients with and without sarcopenia. The distribution of CTD types
was as follows: RA was the most common (N = 112), followed by
SSc (N = 66), PM/DM (N = 50), AAV (N = 35), SS (N = 23), SLE
(N = 21), MCTD (N = 15), GCA (N = 4), and others (N = 5). Some
patients had multiple CTDs. The “others” category included one
patient with adult Still's disease, one with polyarteritis nodosa,
Takayasu arteritis, and two with Behget's disease. Sarcopenia was
observed in 134 (48 %) patients, including 36 men (45 %) and 98
women (49.2 %). Patients with sarcopenia were older (p < 0.001),
had a lower BMI (p < 0.001), were more likely to have RA
(p < 0.001) and SSc (p = 0.007), were more likely to have osteo-
porosis (p < 0.001), had higher ECW/TBW (p < 0.001) and CRP
(p = 0.019) levels, and had lower hemoglobin levels (p = 0.001).
The phase angle was lower in patients with sarcopenia than those
without (p < 0.001).

As shown in Fig. 1, the prevalence of sarcopenia was 51.5 % and
33.3 % in patients with RA and SSc, respectively. The combined
prevalence of sarcopenia was 44.0 % for PM/DM, 60.0 % for AAV,
37.5 % for SS, 28.6 % for SLE, and 46.7 % for MCTD.

Table 2 presents the results of the Pearson correlation and
Spearman rank correlation analyses between the phase angle and
sarcopenia-related factors in both sexes. In men, the phase angle
correlated with age (r —0.301, p = 0.007), BMI (r = 0.384,
p < 0.001), HGS (r = 0.559, p < 0.001), and hemoglobin level
(r =0.582, p < 0.001). In women, the phase angle correlated with
age (rho = —0.517, p < 0.001), BMI (rho = 0.253, p < 0.001), HGS
(rho = 0.532, p < 0.001), SMI (rho = 0.38, p < 0.001), and hemo-
globin (rho = 0.432, p < 0.001). Table 3 presents the multivariate
linear regression analysis results with the phase angle as the
dependent variable, analyzed separately for men and women.
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Table 1
Comparing patients with and without sarcopenia.
Overall (N = 279) Sarcopenia (+) (N = 134) Sarcopenia (—) (N = 145) P
Age, years 73.3 [66.3—79.1] 75.4 [68.9—80.3] 70.5 [62.7—75.8] <0.001
Men, n (%) 80 (28.7 %) 36 (26.9 %) 44 (30.3 %) 0.596
BMI, kg/m? 21.6 [19.5-24.1] 20.4 (2.6) 234 (3.7) <0.001
CTD types, n (%)
RA 112 (40.1 %) 69 (51.5 %) 43 (29.7 %) <0.001
SSc 66 (23.7 %) 22 (164 %) 44 (30.3 %) 0.007
PM/DM 50 (17.9 %) 22 (164 %) 28 (193 %) 0.537
AAV 35(12.5%) 21 (15.7 %) 14 (9.7 %) 0.15
SS 23 (8.2 %) 13 (9.7 %) 10 (6.9 %) 0.514
SLE 21 (7.5 %) 6 (4.5 %) 15 (10.3 %) 0.072
MCTD 15 (5.4 %) 7 (5.2 %) 8(5.5%) 1
GCA 4(14 %) 2(1.5%) 2(14%) 1
Others 5(1.8%) 2(1.5%) 3(21%) 1
Comorbidities, n (%)
Hypertension 123 (44.1 %) 64 (47.8 %) 59 (40.7 %) 0.277
Diabetes mellitus 61 (21.9 %) 30 (224 %) 21 (214 %) 0.885
Interstitial lung disease 164 (58.8 %) 79 (59 %) 85 (58.6 %) 1
Osteoporosis 124 (44.4 %) 74 (55.2 %) 50 (34.5 %) <0.001
Dementia 7(2.5%) 5(3.8%) 2(14%) 0.265
ECW/TBW 0.4 [0.39-0.41] 0.4 [0.4—0.41] 0.39 [0.39-0.4] <0.001
HGS, kg 16.3 [11-20.9] 13.6 [8.6—16.8] 19.6 [15.4—24.2] <0.001
SMI, kg/m? 5.7 [5.1-64] 5.2 [4.7-5.6] 6.4 [5.8-7.3] <0.001
Phase angle, ° 4.3 (1.08) 3.9[3.4-4.5] 4.7 [4-54] <0.001
CRP, mg/dL, 0.51[0.13—3.47] 1.12 [0.15—-4.73] 04 [0.11-1.71] 0.019
Hemoglobin, g/dL, 11.7 [10.2—-13] 11.3 [9.5-12.5] 12 [10.7-13.2] 0.001
Days from admission to rehabilitation start day 1[1-3] 1[1-3] 1[1-3] 0.417
Daily use of DMARDs, n (%) 60 (21.5 %) 31(23.1 %) 29 (20 %) 0.561
Oral prednisolone dose, mg/day 0[0-2] 0 [0-3] 0 [0-1] 0.313
Preadmission, n (%) 0.18
Home 249 (89.2 %) 116 (86.6 %) 133 (91.7 %)
Another hospital 30(10.8 %) 18 (134 %) 12 (8.3 %)

BMI, body mass index; CTDs, connective tissue diseases; ECW/TBW, extracellular water-to-total body water ratio; RA, rheumatoid arthritis; SSc, systemic sclerosis, PM,
polymyositis; DM, dermatomyositis; AAV, anti-neutrophil cytoplasmic antibody-associated vasculitis; SS, Sjogren's syndrome; SLE, systemic lupus erythematosus; MCTD,
mixed connective tissue disease; GCA, giant cell arteritis; HGS, handgrip strength; SMI, Skeletal muscle index; CRP, C-reactive protein; DMARDs, disease-modifying anti-
rheumatic drugs.
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100%
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Fig. 1. The prevalence of sarcopenia in each connective tissue disease.
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Table 2
Results of the Pearson correlation and Spearman rank correlation analysis between phase angle and sarcopenia-related factors in both sexes.
Men Women

Variable Overall (N = 80) r P value Overall (N = 199) rho P value
Age 72.8 (9.3) —0.301 0.007 72.5[65.3—-78.9] -0.517 <0.001
BMI 22.5(3.1) 0.384 <0.001 21.3[19.3-23.8] 0.253 <0.001
HGS 22.83 (8.6) 0.559 <0.001 15[9.3-18.2] 0.532 <0.001
SMI 6.8 (1.2) 0.097 0.394 5.4 [4.9-6] 0.38 <0.001
Hemoglobin 11.8 (2.2) 0.582 <0.001 11.7 [10.2—12.6] 0.432 <0.001
Phase angle 4.63 (1.14) 414 (1.02)

BMI, body mass index; HGS, handgrip strength; SMI, skeletal muscle index.

Pearson correlation coefficients for all variables in men. Spearman rank correlation for all variables in women.

Table 3

Multivariate linear regression analysis with phase angle in both sexes.

Model 1 Men Model 2 Women

Variable B B 95 % I p B B 95 % CI p
Age 0.077 0.007 (-0.005, 0.019) 0.229 —0.048 —0.004 (-0.011, 0.002) 0.157
BMI 0.13 0.039 (0.001, 0.079) 0.046 0.097 0.029 (0.011, 0.048) 0.002
RA 0.009 0.019 (-0.182, 0.22) 0.85 0.03 0.065 (-0.065, 0.196) 0325
ECW/TBW —-0.887 —66.259 (-74.15, —58.36) <0.001 -0.816 —60.97 (-66.4, —55.54) <0.001
Hemoglobin 0.001 0 (-0.054, 0.055) 0.996 —-0.001 0 (-0.0011, 0.01) 0.97
Sarcopenia -0.126 -0.272 (-0.507, —0.037) 0.024 -0.11 —-0.238 (-0.381, —0.094) 0.013

BMI, body mass index; RA, rheumatoid arthritis; ECW/TBW, extracellular water-to-total body water; Cl, confidence interval.

Adjusted R?: Model 1, 0.867; Model 2, 0.823.

Model 1 revealed that sarcopenia was negatively associated with
phase angle (B -0.126, B —0.272, 95 % confidence
interval —0.507 to —0.037, p = 0.024), adjusted for age, BMI, RA
incidence, ECW/TBW, and hemoglobin level in men. Model 2
revealed that sarcopenia was negatively associated with phase
angle (B = —0.11, B = —0.238, 95 % confidence interval —0.381
to —0.094, p = 0.013) adjusted for age, BMI, RA incidence, ECW/
TBW, and hemoglobin level in women. As shown in Fig. 2, a ROC
curve analysis was conducted to determine the optimal phase angle
cutoff values for discriminating sarcopenia in patients with CTDs.
For men, the optimal phase angle cutoff value for identifying

A Men
1.0 T
08 4
> 4.6 (0.682,0.694)
= |
=
(2]
=
$ os -
AUC 0.795
82 95%ClI 0.705-0.885
00 7
1 1 | I T 1
0.0 0.2 0.4 0.6 08 1.0

1 - Specificity

sarcopenia was 4.6°, with a sensitivity of 0.694, specificity of 0.682,
and area under the curve (AUC) of 0.795. In women, the optimal
phase angle cutoff value was 4.3°, with a sensitivity of 0.776,
specificity of 0.594, and AUC of 0.754.

4. Discussion

We showed that the phase angle was negatively associated with
sarcopenia in hospitalized patients with CTDs and that the optimal
cutoff values of the phase angle for discriminating sarcopenia were
4.6° in men and 4.3° in women. To the best of our knowledge, this is

B Women
1.0 7
0.8
4.3 (0.594, 0.776)
£ o6 -
=
=
72]
=
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Fig. 2. ROC curves to discriminate the optimal phase angle cutoff valued for identifying sarcopenia in men (A) and women (B).
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the first study to demonstrate the relationship between the phase
angle and sarcopenia and the usefulness of the phase angle in
assessing health risks in patients with CTDs in clinical practice.

The phase angle cutoff values for sarcopenia in patients with
stroke, cancer, heart disease, and elderly individuals are 4—5°
[13—17]. These values are higher in males than in females. In
contrast, the phase angle in healthy individuals has been reported
to be 6—7° [27,28]. Matsumoto et al. [29] reported that in patients
with RA, the phase angle cutoff value as a predictor of falls was
5.26° in men and 4.06° in women. The cutoff values for sarcopenia
in this study were 4.6° in men and 4.3° in women, suggesting that
sarcopenia is associated with an increased health risk in patients
with CTDs, as in other diseases.

International criteria for diagnosing sarcopenia recommend
assessing skeletal muscle mass using BIA or Dual X-ray Absorpti-
ometry (DEXA). However, the BIA method can overestimate fluid
overload due to edema, interpreting it as increased skeletal muscle
mass [30]. Additionally, DEXA involves low radiation exposure and
high maintenance costs; patients must also be moved to a dedi-
cated facility and may require assistance for examination. In
contrast, phase angle measurement using the BIA method reflects
the current cell membrane stability and water balance, directly
measuring the overall whole-body health status. It is noninvasive,
portable, inexpensive to maintain, and can be performed at the
bedside by a single evaluator, making it easy to apply in clinical
settings.

The prevalence of sarcopenia in this study was 48 %, with 45 % in
men and 49 % in women, showing little difference between sexes.
Additionally, the prevalence of sarcopenia was 61.6 % and 33.3 % in
patients with RA and SSc, respectively. In previous reports, the
prevalence of sarcopenia was 37.1 % in patients with RA [31] and
22.8 % in patients with SSc [32]; the prevalence in the present study
was higher. Furthermore, the prevalence of sarcopenia exceeded
40 % in patients with PM/DM, ANCA, SS, and MCTD. The higher
prevalence of sarcopenia in the present study may be because all
patients were hospitalized and required treatment. Previous re-
ports [31,32] excluded patients who had difficulty walking.

The B coefficient for ECW/TBW was significantly more promi-
nent compared to other variables because phase angle reflects the
body's water balance, derived from the BIA method, including
extracellular and intracellular water compartments. However, the
strong relationship between ECW/TBW and phase angle does not
obscure the association between sarcopenia and phase angle. The
negative correlation between sarcopenia and the phase angle
remained significant even after adjusting for ECW/TBW. This in-
dicates that, while the phase angle is influenced by fluid balance, it
still independently correlates with muscle mass and strength,
which are critical components of sarcopenia. Therefore, the phase
angle can serve as a reliable marker of sarcopenia, reflecting both
water balance and muscle health.

In this study, the phase angle was positively correlated with the
cutoff value for identifying sarcopenia and its associated factors:
age, BMI, HGS, SMI, and hemoglobin level. This suggests that phase
angle values can detect sarcopenia early and aid in developing
individualized treatment plans, as they reflect the detailed aspects
of a patient's health status.

The following considerations should be made regarding the
phase angle. This value may vary owing to the use of different
measuring instruments [33]. It is sensitive to changes in the body
water content and may vary before and after urination. This is a
value for the right hemibody and mainly reflects the state of the
cells constituting the skeletal muscles of the extremities, rather
than the trunk muscles [34].

This study had several limitations. First, as this was a single-
center study, the generalizability of the results is uncertain.

507

Clinical Nutrition ESPEN 64 (2024) 503—508

Second, the causal relationship between the phase angle and sar-
copenia is unknown because of the retrospective and cross-
sectional nature of the study. Third, factors such as decreased grip
strength due to hand pain and deformity, which may influence the
prevalence of sarcopenia, were not examined. Fourth, there may
have been patients with CTD who did not meet the classification
criteria or were not formally diagnosed at the time of rehabilitation.
Additionally, there are multiple CTDs, and it is unclear whether this
study encompassed all of them. Therefore, it is uncertain whether
the association between the phase angle and sarcopenia can be
established after focusing on specific diseases such as RA and SSc.
Future prospective cohort studies should evaluate whether phase
angle values for each disease are associated with the development
of sarcopenia and other clinical outcomes, including pain.

5. Conclusion

The phase angle is negatively associated with sarcopenia in
hospitalized patients with CTDs. The optimal cutoff values of the
phase angle for discriminating sarcopenia were 4.6° in men and
4.3° in women. Assessing the phase angle can assist in the identi-
fication and management of patients with sarcopenia or those at
risk of developing this condition.
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Probable Respiratory Sarcopenia Decreases Activities of
Daily Living in Older Patients Hospitalized with
Respiratory Diseases: A Cross-sectional Study
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Objectives: Respiratory sarcopenia is characterized by low respiratory muscle mass and re-
spiratory muscle strength, but its impact on activities of daily living (ADL) remains unknown.
We aimed to investigate the association between respiratory sarcopenia and decreased ADL.
Methods: This retrospective cross-sectional study included older inpatients (>65 years old) with
respiratory diseases who underwent rehabilitation. Because the evaluation of respiratory muscle
mass is challenging, probable respiratory sarcopenia was defined according to low appendicular
skeletal muscle index (<7 kg/m? for men, <5.7 kg/m? for women) and peak expiratory flow rate
(<4.4 L/s for men, <3.21 L/s for women). ADL was assessed on the first day of rehabilitation using
the baseline Barthel Index (BI). Results: Of 111 inpatients (median age 75 years; 57 women), 13
(11.7%) had probable respiratory sarcopenia. Forty-five patients (40.5%) had sarcopenia and 12
of these had probable respiratory sarcopenia. Pulmonary functions (Forced Vital Capacity and
expiratory volume in 1 s) were significantly lower in patients with probable respiratory sarcopenia
than those without. Spearman’s rank coefficient analysis showed probable respiratory sarcopenia
did not significantly correlate with age, phase angle, Charlson Comorbidity Index (CCI), or hemo-
globin (Hb). Multivariate linear regression analysis with baseline Bl revealed probable respiratory
sarcopenia ( —0.279 and P=0.004) was the significant factor after adjusting for age, sex, body
mass index, chronic obstructive pulmonary disease, CCI, and Hb. Conclusions: Probable respira-
tory sarcopenia was independently associated with decreased ADL in patients aged 65 years and
older who were hospitalized with respiratory diseases.

Key Words: activities of daily living; respiratory diseases; respiratory sarcopenia; sarcopenia

INTRODUCTION sarcopenia because of the unfavorable impact of low ADL
4,5)

on mortality.

Respiratory sarcopenia is a medical condition character- Sarcopenia is a risk factor for decreased ADL.? The preva-
ized by low respiratory muscle mass and strength."? It lence of sarcopenia in patients with primary lung cancer,
differs from sarcopenia, which is characterized by low interstitial pneumonia, and chronic obstructive pulmonary
appendicular skeletal muscle mass, muscle strength, and disease (COPD) is 45%, 32.1%,” and 21.6%,% respectively.
physical function.”’ Shortness of breath, dyspnea, reduced Low respiratory function, which reflects low respiratory
coughing ability, and aspiration pneumonia caused by respi- muscle strength,” is associated with decreased ADL? and
ratory sarcopenia can result in decreased activities of daily  sarcopenia in older adults.!”? One study found that ADL
living (ADL). Therefore, it is crucial to assess respiratory independence was lower in older adults with sarcopenia and
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low respiratory function than in those with only low respira-
tory function or robust groups.!) These findings suggest that
some older patients with respiratory diseases have decreased
appendicular skeletal muscle mass and low respiratory func-
tion, similar to older patients with sarcopenia. Therefore,
respiratory sarcopenia could likely lead to a decline in ADL
in patients with respiratory diseases, because many patients
may exhibit low respiratory function. In the current study,
we aimed to investigate the association between respiratory
sarcopenia and decreased ADL in older hospitalized patients
with respiratory diseases.

MATERIALS AND METHODS

Patients

This retrospective cross-sectional study included 122
patients (aged >65 years) who were hospitalized with respi-
ratory diseases and underwent pulmonary rehabilitation at
the University of Occupational and Environmental Health
Hospital between February 2022 and January 2023. Typi-
cally, patients received rehabilitation for airway clearance,
improvement of muscle strength, or improvement in ADL
ability. All data were collected from medical records. We
considered only hospitalized patients who underwent a
physical function evaluation a few days after rehabilitation
started and a pulmonary function test within 60 days before
or 7 days after rehabilitation started. All patients under-
went rehabilitation within 2 weeks after hospitalization.
Hospitalized patients with missing data or a history of lung
surgery were excluded. This study followed the Declaration
of Helsinki and was approved by the Ethics Committee of
the University of Occupational and Environmental Health
[UOEHCRB20-155]. The study’s retrospective nature did
not require written consent, but patients were provided with
the option to withdraw from the study at any time.

Spirometry

Physicians in primary departments requested medical
technologists to assess the adequacy of respiratory function
for surgery, disease severity, and treatment efficacy. Medical
technologists conducted the pulmonary function tests using
an electronic spirometer (FUDAC-7, Fukuda Denshi, Tokyo,
Japan) based on the official guidelines of the Japanese Re-
spiratory Society.'? Patients were instructed to firmly hold
the mouthpiece connected to the spirometer with their lips
and clamp their noses to prevent air leakage. After normal
breathing, they were instructed to take a deep inhalation
from the maximal expiratory level to the maximal inspira-

tory level and then forcefully exhale in one continuous
breath back to the maximal expiratory level. Practice trials
preceded the test, and re-measurements were taken as neces-
sary. The use of bronchodilators or inhaled steroids during
the test was documented in the medical records. The forced
vital capacity (FVC), forced expiratory volume in 1 s (FEV)),
and peak expiratory flow rate (PEFR) were assessed. PEFR
represents the peak of the flow-volume curve captured by
the spirometer, reflecting the highest airflow rate achieved
during a forceful exhalation. PEFR is known to decline with
age'd and is related to respiratory muscle strength'¥ and

sarcopenia.’)

Assessment of Physical Function

Physical rehabilitation was prescribed according to the pa-
tient’s condition and was started on the day of the visit to the
Department of Rehabilitation Medicine. Physical function
evaluation included handgrip strength, physical function
(gait speed, short physical performance battery, or five-time
chair stand test), and body composition using a bioimped-
ance device (InBody S10, InBody, Tokyo, Japan) at least 2
h after eating and after 10 min of rest in the supine position.
The InBody S10 enabled the evaluation of the appendicu-
lar skeletal muscle index (SMI) and phase angle (PhA) by
incorporating age, sex, height, and weight. PhA reflects the
resistance and reactance of the whole body and is related to
sarcopenia.'® The Barthel Index (BI)'?) was used to evalu-
ate ADL on the day rehabilitation started (baseline BI). The
BI comprises scores on a scale of 0-100, with higher scores
indicating better ADL functioning. The BI items included
(1) feeding, (2) grooming, (3) dressing, (4) transferring, (5)
bladder management, (6) bowel management, (7) toileting,
(8) bathing, (9) walking, and (10) climbing up and down.

Definition of Probable Respiratory Sarcopenia
and Sarcopenia

Given the paucity of data defining respiratory muscle
mass, a more definitive diagnosis of respiratory sarcope-
nia is needed. However, while it is known that respiratory
muscle mass is associated with trunk muscle mass,'® there
is no clear cutoff value that indicates a reduction in trunk
muscle mass. According to a position paper published by four
Japanese professional organizations (Society for Respiratory
Care and Rehabilitation, Association for Sarcopenia and
Frailty, Society of Respiratory Physical Therapy, and As-
sociation of Rehabilitation Nutrition)," probable respiratory
sarcopenia rather than respiratory sarcopenia can be defined
in cases where the appendicular skeletal muscle mass falls
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Total patients with respiratory disease: 122

Excluded

Missing data: 3
History of lung surgery: 8

Analyzed patients: 111

Fig. 1. Flowchart of patient recruitment.

below cutoff values defined by the Asian-Working Group for
Sarcopenia (AWGS) 2019, which are used as a surrogate for
the decline in respiratory muscle mass. To define probable
respiratory sarcopenia, we adopted the cutoff values of SMI
from AWGS 2019 (SMI <7 kg/m? for men and <5.7 kg/m?
for women)? and cutoff values of low respiratory muscle
strength (PEFR <4.4 L/s for men and <3.21 L/s for women)
according to a previous report.'”>) To define sarcopenia, we
also used the AWGS 2019,” with low appendicular skeletal
muscle mass indicated by SMI less than 7 kg/m? for men
and less than 5.7 kg/m? for women, in combination with low
muscle strength as indicated by at least one of the following:
low handgrip strength (<28 kg for men or <18 kg for women),
low physical performance (gait speed <l m/s), short physi-
cal performance battery (<9 points), or slow five-time chair
stand test (>12 s).

Collecting Other Data

Respiratory disease types were categorized into primary
lung cancer, interstitial pneumonia, COPD, asthma, and
other diseases. We investigated age, sex, body mass index
(BMI), comorbidities, history of stroke, the Charlson Co-
morbidity Index (CCI),'” Brinkman Index,’? serum albu-
min, hemoglobin (Hb), C-reactive protein levels (CRP), and
preadmission orientation. The CCI, serum albumin, Hb, and
CRP were recorded at admission.

Statistical Analysis

Statistical analyses were performed using SPSS Version
27 (IBM SPSS Japan, Tokyo, Japan); the bilateral test set
P<0.05 as statistically significant. Categorical variables were
expressed as number (percentage), whereas quantitative
variables were expressed as median [interquartile range]
or mean (standard deviation) according to the normality of

the Shapiro—Wilk test. Categorical variables were analyzed
using the chi-square test and Fisher’s test to compare older
patients with and without probable respiratory sarcopenia.
Quantitative variables were subjected to the t-test and Mann—
Whitney U test based on the normality of the Shapiro—Wilk
test.

Spearman’s rank correlation coefficient analysis evaluated
the association among probable respiratory sarcopenia, age,
BMI, CCI, PhA, Hb, and baseline BI. Age,” BMI,> CCL?)
PhA,'® and Hb*? have been reported to be associated with
sarcopenia. To investigate the association between ADL and
probable respiratory sarcopenia, we performed multivariate
linear regression analysis of baseline BI with age, sex, BMI,
COPD, CCI, Hb, and probable respiratory sarcopenia. The
Variance Inflation Factor (VIF) among factors in the multi-
variate linear regression model was then calculated. Comor-
bidity is associated with decreased ADL in older adults.?®
BMI?» and Hb*® are also associated with decreased ADL.
Given that multivariate linear regression analysis neces-
sitates a minimum of 15 cases per independent variable, this
study required at least 105 cases to accommodate the seven
variables in the model. Multicollinearity was assessed using
the VIF, where a VIF value between 1 and 3 indicates the
absence of multicollinearity.

RESULTS

A total of 122 hospitalized patients (aged >65 years) with
respiratory diseases were evaluated; 3 patients were excluded
because of missing data and 8 were excluded because of pre-
vious lung surgery (Fig. 1). Therefore, this study included
111 patients with respiratory diseases [median age, 75 years;
57 women (51.4%)]. Respiratory disease types included
primary lung cancer (n=59), interstitial pneumonia (n=52),

Copyright © 2024 The Japanese Association of Rehabilitation Medicine
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COPD (n=10), asthma (n=6), and others (n=9). Others were
metastatic lung tumors (n=5), benign lung tumors (n=2), and
mediastinal tumors (n=2).

Seven patients had primary lung cancer and interstitial
pneumonia, and 9 patients had primary lung cancer and
COPD. Twenty patients regularly used bronchodilators or
inhaled steroids at the time of the pulmonary function test,
but no patients used them during the pulmonary function test
to assess airway reversibility. In total, 68 patients were in the
preoperative stage for surgery. The number of patients with
probable respiratory sarcopenia was 13 (11.7%), and 12 of
them had sarcopenia. Forty-five (40.5%) had sarcopenia, and
27 of them had low PEFR.

Table 1 shows the characteristics and comparisons of pa-
tients with probable respiratory sarcopenia and those without
probable respiratory sarcopenia. Patients with probable respi-
ratory sarcopenia had a higher incidence of COPD (P=0.022),
lower BMI (P=0.004), more regular use of bronchodilators
or inhaled steroids (P=0.002), lower handgrip strength
(P<0.001), lower SMI (P<0.001), more cases of sarcopenia
(P<0.001), and lower scores on the baseline BI (P=0.007)
than patients without probable respiratory sarcopenia. PhA
tended to be lower in patients with probable respiratory sar-
copenia than in patients without (P=0.068). In the pulmonary
function tests, patients with probable respiratory sarcopenia
exhibited lower FVC, FEV,, and PEFR (P<0.013, P<0.001,
and P<0.001, respectively) than patients without probable
respiratory sarcopenia. However, no significant difference
was observed in the FEV/FVC ratio between patients with
and without probable respiratory sarcopenia (P=0.155).

Spearman’s rank correlation coefficient analysis showed
that probable respiratory sarcopenia had a significant cor-
relation with BMI (p —0.274, P=0.004) and baseline BI (p
—0.255, P=0.007) but no significant correlation with sarco-
penia-related factors such as age (p 0.13, P=0.174), CCI (p
122, P=0.205), PhA (p —0.174, P=0.068), and Hb (p —0.066,
P=0.494). A multivariate linear regression analysis with
the baseline BI (adjusted R?=0.173, P<0.001) revealed that
probable respiratory sarcopenia (§ —0.279, P=0.004) was the
significant factor after adjusting for age, sex, BMI, COPD,
CClI, and Hb (Table 2). Multicollinearity was not observed
among them.

DISCUSSION

This study investigated the association between probable
respiratory sarcopenia and ADL in patients aged 65 years or
over who were referred to our Department of Rehabilitation

Medicine for treatment of respiratory diseases. The preva-
lence of probable respiratory sarcopenia in these patients
was 11.7%, based on our operational definition. We found
that probable respiratory sarcopenia was independently
associated with decreased ADL. Based on our definition
of probable respiratory sarcopenia that we adopted from a
position paper by four Japanese health organizations,) we
believe this study to be the first to associate probable respira-
tory sarcopenia with decreased ADL in older inpatients with
respiratory diseases.

The position paper on the diagnosis of respiratory sarco-
penial recommends evaluating respiratory muscle mass by
ultrasonography or computed tomography and respiratory
muscle strength based on the maximal inspiratory and/or ex-
piratory pressure in the pulmonary function test. For cases in
which the assessment of respiratory muscle mass is challeng-
ing, the appendicular skeletal muscle mass can be used to
determine respiratory muscle mass, and probable respiratory
sarcopenia can be diagnosed. PEFR, peak cough flow, and
sniff nasal inspiratory pressure can be used to evaluate re-
spiratory muscle strength. However, low respiratory muscle
strength cutoff values still need to be established. There are
few studies on the association between sarcopenia and low
PEFR”!9 in older adults. Kera et al.'>) set the cutoff values in
the PEFR for respiratory sarcopenia (4.4 L/s for men and 3.21
L/s for women) as the only indicator of respiratory muscle
strength to confirm sarcopenia and long-term care insur-
ance among community-dwelling older adults. Therefore,
following the algorithm definition of four Japanese health
organizations for probable respiratory sarcopenia,) we used
SMI cutoff values for low appendicular skeletal muscle mass
(7 kg/m? for men and 5.7 kg/m? for women) and PEFR cutoff
values for low respiratory function (4.4 L/s for men and 3.21
L/s for women) based on previous reports.>!%)

PEFR is influenced by airway stenosis.?® Our study showed
no difference in the FEV,;/FVC ratio between patients with
and without probable respiratory sarcopenia. Furthermore,
FVC and FEV, were lower in patients with probable respi-
ratory sarcopenia. Therefore, despite the impact of airway
obstruction on PEFR, the findings suggest that respiratory
muscle strength is lower in patients with probable respiratory
sarcopenia than those without it.

The prevalence of sarcopenia among those with probable
respiratory sarcopenia is expected, given that SMI is used
as a surrogate for respiratory muscle mass. However, this
study revealed that probable respiratory sarcopenia did not
significantly correlate with potential factors associated with
sarcopenia, such as age, PhA, or Hb. PhA has been reported
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Table 1. Patient characteristics and comparison between patients with and without probable respiratory sarcopenia

Overall With probable RS Without probable RS P value
(n=111) (n=13) (n=98)

Age, years 75 [71-81] 78 [74.5-81.5] 75 [70.5-81] 0.172
Sex, female 57 (51.4%) 7 (53.8%) 50 (51%) 0.848
BMI, kg/m? 23 [20.6-25.2] 20.1 [19.1-22.3] 23.3 [21-25.4] 0.004
Respiratory disease

Primary lung cancer 59 (53.2%) 9 (69.2%) 50 (51%) 0.23

Interstitial pneumonia 52 (46.8%) 3 (23%) 49 (50%) 0.063

COPD 10 (14.4%) 3 (23%) 7 (7.1%) 0.022

Asthma 6 (5.4%) 2 (11.7%) 4 (3.6%) 0.147

Others 9 (8.1%) 1 (0.9%) 8 (8.1%) 0.712
Comorbidities

Hypertension 52 (46.8%) 6 (46.2%) 46 (46.9%) 1

Diabetes mellitus 27 (24.3%) 2 (15.4%) 25 (25.5%) 0.731

Chronic heart failure 7 (6.3%) 1 (7.7%) 6 (6.1%) 0.593

Atrial fibrillation 8 (7.2%) 1 (7.7%) 7 (7.1%) 1

Kidney failure 12 (10.8%) 2 (15.4%) 10 (10.2%) 0.631

Cancer, other than lung 15 (13.5%) 1 (7.7%) 14 (14.3%) 1

Connective tissue disease 50 (45%) 4 (30.8%) 46 (46.9%) 0.271

History of stroke 9 (8.1%) 3 (23.1%) 6 (6.1%) 0.07
CCI 2 [1-3] 310.5-3.5] 2 [1-3] 0.203
Bronchodilators or inhaled steroids use 20 (18%) 7 (53.8%) 13 (13.3%) 0.002
Brinkman Index 495 [0-992] 660 [367-1240] 400 [0-900] 0.058
Low handgrip strength 69 (62.1%) 12 (17.4%) 57 (82.6%) 0.017
Low SMI 51 (45.9%) 13 (100%) 38 (38.8%) <0.001
Sarcopenia 45 (40.5%) 12 (92.3%) 33 (33.7%) <0.001
PhA, ° 4.5 [3.7-5.1] 4.2 [3.6-4.4] 4.5[3.7-5.2] 0.068
FVC,L 2.34 (0.89) 1.76 (0.57) 2.41 (0.88) 0.013
FEV,, L 1.69 (0.59) 1.09 [0.76—1.37] 1.72 [1.34-2.19] <0.001
FEV,/FVC, % 75.1 (13.6) 79.8 [72.6—-88.6] 71.6 [65.8—-82.6] 0.155
PEFR, L/s 5.24 [3.93-6.82] 2.96 [2.43-3.04] 5.55 [4.28-7.41] <0.001
Low PEFR 40 (36%) 13 (100%) 27 (27.5%) <0.001
Serum albumin, g/dL 3.8 [3.5-4.2] 3.7 [3.4-4.1] 3.9 [3.5-4.2] 0.541
Hb, g/dL 12.3 [11-13.8] 12.3 [10.3-13.6] 12.4 [11.1-13.9] 0.491
CRP, mg/dL 0.24 [0.06—0.88] 0.24 10.13-0.66] 0.24 [0.06—0.94] 0.945
Baseline Barthel Index 95 [85-100] 65 [55-100] 100 [90—-100] 0.007
Preadmission orientation

Home 106 (95.6%) 11 (84.6%) 95 (96.9%) 0.104

Nursing home 3 (2.7%) 1 (7.7%) 2 2%)

Another hospital 2 (1.8%) 1 (7.7%) 1 (1%)

Categorical variables are given as number (percentage); quantitative variables are given as median [interquartile range];
some data for FVC and FEV, given as mean (standard deviation). CCI, serum albumin, Hb, and CRP were assessed at admis-
sion. BMI, handgrip strength, SMI, and PhA were assessed a few days after rehabilitation started. Baseline Bl was assessed
on the first day of rehabilitation.

RS, respiratory sarcopenia.
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Table 2. Multivariate linear regression analysis of probable respiratory sarcopenia with baseline BI

B B 95% confidence interval P value VIF
Probable respiratory sarcopenia ~ —16.118 -0.279 —26.904 to —5.333 0.004 1.155
Age —0.365 —-0.123 —0.889 to 0.158 0.169 1.031
Female —6.732 —-0.179 —=13.502 to 0.037 0.051 1.08
BMI 0.627 0.126 —0.276 to 1.530 0.917 1.091
COPD 6.558 0.101 —5.260 to 18.376 0.274 1.10
CCI —1.174 —-0.095 —3.366 to 1.017 0.290 1.052
Hb 0.342 0.136 —0.099 to 0.784 0.127 1.052

Adjusted R?=0.173, P<0.001. CCI and Hb were recorded at admission. Baseline BI was assessed on the first day of reha-

bilitation.

as a useful indicator of sarcopenia in various studies.'®2”)
In our results, patients with probable respiratory sarcopenia
tended to have lower PhA values than those without, indicat-
ing a potential negative association. However, these trends
did not reach statistical significance. Although PhA is as-
sociated with grip strength and skeletal muscle mass,'®>")
its relationship with respiratory function remains to be
elucidated. Consequently, our findings did not conclusively
determine the relevance of PhA to PEFR. This highlights the
need for further research to clarify the role of PhA in assess-
ing respiratory muscle strength and function.

Patients with respiratory diseases experience a lim-
ited capacity to perform ADL because of respiratory symp-
toms.2829 However, it is difficult to demonstrate a decline in
ADL using comprehensive ADL assessment scales,” such
as the BI. Because of the adverse effects of severe dyspnea
on motor endurance and subsequent decreased ADL, assess-
ment tools that incorporate the degree of dyspnea have been
developed.’*? Given that respiratory function reflects re-
spiratory symptoms, probable respiratory sarcopenia might
indicate respiratory symptoms and help detect a statistically
significant decline in the comprehensive ADL. Although
the adjusted coefficient of determination of the multivariate
regression model in this study did not fit well, the standard-
ized partial regression coefficient for probable respiratory
sarcopenia indicated that it was closely related to decreased
ADL.

“Sarcopenic respiratory disability” defines functional dis-
ability resulting from reduced respiratory function caused by
respiratory sarcopenia.?’ However, our study has not conclu-
sively shown significant impairment caused by respiratory
muscle sarcopenia. More research is needed to understand
its impact on respiratory function and functional disability.

LIMITATIONS

This study has some limitations. First, the diagnosis of
respiratory sarcopenia in this study was probable rather than
definitive. The concept of “probable respiratory sarcopenia”
was operationalized because of the need for established
diagnostic criteria and the paucity of data directly defining
respiratory muscle mass. As a result, our results should be
interpreted with the understanding that they do not provide
a definitive diagnosis of respiratory sarcopenia but rather an
association with ADL limitations based on a probable condi-
tion associated with decreased respiratory muscle mass and
function. Further research is required to refine the diagnostic
criteria for respiratory sarcopenia, allowing for a more defin-
itive respiratory muscle mass and understanding its impact
on ADL. Second, the generalizability of the study is limited
because of its retrospective and single-center design. Third,
the causal association between probable respiratory sarcope-
nia and decreased ADL was not addressed because of the ret-
rospective cross-sectional nature of the study. Fourth, many
of the included patients were in the preoperative stages of
lung cancer. This may have introduced a potential selection
bias because these patients differ from patients with common
respiratory diseases. Fifth, because not all evaluations were
conducted within a few days, each evaluation might have
incurred pathological alterations.

CONCLUSION

The results of this study showed that probable respiratory
sarcopenia was independently associated with decreased
ADL in patients aged 65 years and over who were hospital-
ized with respiratory diseases. Further investigations are
warranted to establish the parameters and threshold values
from pulmonary function tests that can accurately delineate
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low respiratory muscle strength, thereby providing definitive
diagnostic criteria for respiratory sarcopenia.
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Perioperative Rehabilitation in Collaboration with
the Department of Occupational Medicine for Patients
with Cholangiocarcinoma: A Case Report
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ABSTRACT. Introduction: Although the number of cancer survivors has increased, the role of physical ther-
apy in return to work (RTW) for employed patients with cancer remains unclear. Case presentation: The
patient is a 50-year-old man diagnosed with cholangiocarcinoma who worked as a liquefied petroleum gas
station filler. He started perioperative rehabilitation and underwent pancreaticoduodenectomy for cholangio-
carcinoma. He developed a postoperative pancreatic fistula, which improved with conservative treatment over
40 days. Although he achieved independence regarding day-to-day activities, his physical condition and work-
ability worsened, as his skeletal muscle index decreased from 8.7 to 7.7, 6-min walk distance from 518 to 460
m, and work ability index (WAI) from 37 to 20 points. His physical therapist was concerned about his RTW
and recommended that he receive RTW support from the Department of Occupational Medicine (DOM). The
DOM employed a team approach for the RTW strategy, and the primary physician, occupational physician,
and company collaborated to support the patient. After the outpatient treatment protocol and RTW support
plans were formulated, the patient was discharged. The physical therapist reported declining physical perfor-
mance and WAI at the DOM’s multidisciplinary conference. After consulting with multiple professionals, the
team recommended work resumption in stages: part-time for three months and full-time for four months after
surgery while undergoing oral adjuvant chemotherapy. The WAI improved to 35 points after RTW. Conclu-
sion: This case report suggests that physical therapists are vital in providing continuous patient support, from
perioperative rehabilitation to DOM intervention, to build physical strength for return to work.
Key words: Cholangiocarcinoma, Perioperative rehabilitation, Department of Occupational Medicine, Return to
work
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According to the World Health Organization (WHO),
one in five persons will develop cancer in their lifetime". Early
cancer detection and development of treatment techniques
have improved life expectancy and increased the number of
cancer survivors, with approximately half of cancer survivors
estimated to be employed”. For cancer survivors, a wors-
ening employment environment, including layoffs, reduces
their quality of life and leads to socio-economic losses™. In
addition, Japan is an aging society with a declining birthrate,
and by 2040, the proportion of the working-age population
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(15-64 years old) is expected to decrease further”. As a
countermeasure to the anticipated increase in social secu-
rity costs, the Japanese government has implemented certain
measures to help cancer survivors return to work (RTW) as
one of its primary policies”. Therefore, employment support
is crucial for cancer survivors.

Gastrointestinal cancer is highly prevalent, and pan-
creaticoduodenectomy is one of the most challenging sur-
gical procedures for cholangiocarcinoma. Recent advances
in surgical techniques and perioperative management have
reduced the surgery-related mortality rate of pancreati-
coduodenectomy; however, the incidence of postoperative
complications remains extremely high”. Postoperative com-
plications are a disincentive to resume work®.

In a systematic review, perioperative respiratory
physical therapy was reported to be effective in preventing
postoperative complications of thoracoabdominal surgery
and is widely practiced in Japan”. However, the Japanese
medical system does not approve outpatient rehabilitation
for cancer patients, making it difficult for the patients to
obtain rehabilitation support, including RTW assistance,
after discharge.

In Japan, from 2018, it became possible to calculate
medical payments when medical institutions provide employ-
ment support to cancer patients'”. In 2018, the Department
of Occupational Medicine (DOM) was established at our
hospital to provide the patients with health and employment
support'”. The DOM comprises a multidisciplinary team
(physicians, rehabilitation staff, nurses, medical social work-
ers, etc.) of qualified health and employment support coordi-
nators. Nevertheless, the role of physical therapy in RTW for
employed patients with cancer remains unclear.

Herein, we aim to clarify the role of physical therapy in
the process of RTW for cancer patients based on our expe-
rience with a case of perioperative rehabilitation in collabo-
ration with the DOM in a patient with cholangiocarcinoma.

Case Presentation

Patient

The patient is a 50-year-old man (height:172 cm,
weight:74.0 kg, body mass index: 25.0 kg/m®). Two months
ago, he had no symptoms other than jaundice and was diag-
nosed with distal cholangiocarcinoma at another hospital. He
was subsequently admitted to our hospital for surgery. Lab-
oratory tests showed increased aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and total bilirubin
levels (AST: 34 TU/L, ALT: 63 IU/L and total bilirubin 2.4
mg/dL). Computed tomography (CT) revealed dilatation of
the biliary tree and thickening of the common bile duct wall
but no findings suggestive of metastasis. Endoscopic retro-
grade cholangiography (ERC) showed stenosis of the distal
portion of the common bile duct. A biopsy of the distal bile
duct showed adenocarcinoma cells. Based on these results,
we diagnosed the patient with distal cholangiocarcinoma

with clinical stage IIB (cT3NOMO) using the 7th edition
of the Japanese classification of biliary tract cancers. The
patient worked as a liquefied petroleum gas (LPG) station
filler for 30 years. The patient had to return to work follow-
ing surgery. The company has 480 employees, including a
part-time occupational physician, occupational health nurse,
and health supervisor, with eight employees at their branch
office. Two work shifts (8:00—17:00 hours and 11:00-20:00
hours) are used. His work involved holding hoses and con-
nectors and filling LPG vehicles with gas, which has an esti-
mated metabolic equivalent (MET) value of 3.0". During
busy periods, gas-filling work sometimes continued for over
two hours without rest. He commuted for 30 min on foot
and 15 min on the subway. As he was performing his daily
life and work with no difficulties, he did not feel the need
for DOM support and declined assistance during the preop-
erative interview.

Preoperative physical therapy intervention

Upon admission, the patient was prescribed preopera-
tive physical therapy to prepare his physical condition for
surgery. Preoperative training, comprising five 60-min ses-
sions per week for two weeks, was conducted in the rehabil-
itation room. The training consisted of breathing exercises,
strength training, endurance training using a bicycle ergom-
eter, and self-training guidance (Table 1). For preoperative
physical performance assessment, the skeletal muscle index,
knee extension strength, grip strength, 6-min walk distance,
and Barthel index were measured. The skeletal muscle index
was calculated using a body composition meter (InBody
S-10; InBody Japan, Tokyo, Japan). Knee extension and grip
strength were used to assess muscle strength. A handheld
dynamometer (uTas MT-1; ANIMA, Tokyo, Japan) was used
to measure the knee extension muscle strength. A Jamer-type
hydraulic grip dynamometer (SH5001; SAKAI Medical,
Tokyo, Japan) was used to measure grip strength. Details
of the physical performance assessment were described in
previous reports'. The results of the physical performance
assessments are presented in Table 2. The patient’s preop-
erative physical performance was favorable. The work abil-
ity index (WAI) was assessed to determine his work ability
before surgery, which was rated as “good.” (Table 3).

Postoperative course

Fourteen days after admission, the patient underwent
planned pancreaticoduodenectomy with portal vein resec-
tion for cholangiocarcinoma. Postoperative physical therapy
was initiated on the day after surgery. Early mobilization
progressed in stages, starting with wheelchair transfers, then
50 m, 100 m, and 200 m walks in the ward (Table 1).

However, on postoperative day (POD) 5, the patient
developed a pancreatic fistula with fever, and open drain-
age was performed. The patient was forced to rest, and post-
operative physical therapy was performed at the bedside
according to his physical condition. On POD 15, the fever
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Table 1. Physical therapy program

Preoperative periods (two weeks)

Five sessions/week, 60-min/session, in gymnasiums

Breathing exercise Coughing, huffing, abdominal

breathing exercises

Strength training Squats, calf raises (100 repeti-

tions)

Endurance training ~ Moderate intensity cycle ergom-

eter (20-30 min)

Necessity and methods of early
postoperative weaning

Physical activity (at least 10,000
steps per day)

Self-training
guidance

Postoperative periods (POD 1-4)

Five sessions/week, 20-min/session, early mobilization

in the ward

POD 1 Wheelchair transfers
POD 2 50 m walks

POD 3 100 m walks

POD 4 200 m walks

Postoperative complication period (POD 5-14)

Five sessions/week, 20-min/session, at the bedside,

under sustained drainage
Conditioning Stretching, massage

Toilet walk—200 m walk,
depending on physical condition

Mobilization

Sustained drainage periods (POD 15-42)

Five sessions/week, 40-min/session, in gymnasiums,
under sustained drainage

Squats, calf raises (30—100
repetitions)

Resistance training

Endurance training ~ Light-to-moderate intensity
interval cycle ergometer (10-20

min) 200-500 m walks

Physical activity (at least 5,000
steps per day)

Self-training
guidance

Drain removal—discharge period (POD 43)

Self-training guidance  Squats, calf raises (100

repetitions)
Physical activity (at least 10,000
steps per day)

Maintain the activities of daily
life and prepare to resume work

POD, postoperative day

improved, and he started gymnasium rehabilitation with
limb strength and endurance training in a light-load interval
format under sustained drainage. However, residual fatigue
rendered active exercise difficult (Table 1).

As a result, his skeletal mass index decreased from
8.7 to 7.7 kg/m?, the 6-min walking distance declined from
518 to 460 m (predicted reduction of METs from 3.89 to
3.55)"?, and his WAI summary score was reduced from 37 to

Table 2. Changes in physical performance parameters
during hospitalization

Preoperative  Discharge
BW (kg) 74.0 68.7
Skeletal muscle index (kg/m®) 8.7 7.7
Knee extension strength (kgf/BW)  0.51/0.49 0.60/0.47
Grip strength (kg) (Rt./Lt.) 32/32 34/36
6-min walk distance (m) (Rt./Lt.) 518 460
Barthel index (pts) 100 100

BW, body weight; Rt., right; Lt., left; pts, points

20 points) before discharge (Table 2). The patient began to
express intense anxiety due to fatigue and weakness during
physical therapy. The patient said, “I feel that my physical
strength is weakening. I am so exhausted even in my daily
life and worried about returning to work.” His physical ther-
apist reported that his physical condition was sufficient for
day-to-day activities but not for working. Therefore, the
physical therapist recommended a self-training program at
the time of discharge, including 1) muscle strengthening
training with squats and calf raises with 100 repetitions,
2) physical activity (at least 10000 steps per day'”), and
3) maintaining the activities of daily life and preparing to
resume work (Table 1). Furthermore, the physical thera-
pist recommended a DOM intervention for the patient. The
patient accepted the DOM intervention, which was initiated.

DOM intervention

The patient was discharged on POD 43. Since outpa-
tient rehabilitation for cancer patients is not approved by
the medical system in Japan; hence, at discharge, the patient
was instructed to perform the following at home: 1) con-
tinue the resistance training that was performed during hos-
pitalization, 2) carry a pedometer and aim to complete at
least 10000 steps per day'”, and 3) maintain the activities of
daily life and prepare to resume work.

The flow diagram from discharge to RTW is shown
in Figure 1. Before surgery, the patient requested that his
attending physician issue an opinion letter to facilitate
the RTW. Therefore, the attending physician requested
employment information from the workplace, and on POD
21, an employment information sheet was provided by
the employer. The employment information sheet stated
that the RTW requirements were the ability to 1) com-
mute to work independently using public transportation
and 2) communicate and work outdoors using the hands
and feet. On POD 44, the DOM convened a multidisci-
plinary conference. At the meeting, the physical therapist
reported that the patient’s physical performance and work
ability decreased after surgery but that he could resume
work physically, with a reduced workload, given that the
estimated METs value for the job was 3.0. In addition,
the physical therapist requested that DOM team members
check the implementation of the patient’s self-training
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Table 3. Change in work ability index from hospitalization to return to work

S.No.  WAI dimensions Preoperative Discharge After RTW
1 Subjective estimation of present work ability compared with 8 1 7
lifetime best
2 Subjective work ability in relation to both the physical and mental 7 2 6
demands of work
3 Number of diagnosed diseases 4 4 3
4 Subjective estimation of work impairment due to diseases 6 4 7
5 Sickness absenteeism during the past year 2 2 2
6 Own prognosis of work ability after 2 years 7 4 7
7 Enjoying daily tasks; active and alert; full hope for the future 3 3 3
WAI summary score 37 20 35
WAL, work ability index; RTW, return to work
POD Patient PT Workplace
i R t via attendi hysici
Demand: RTW after surgery _l‘ Postoperative PT I: e Employment information sheet ]
Intense anxiety Request by PT proposal > DOM (POD 21)
e due to fatigue and weakness = <
S PT advice
= 1) Feedback on physical decline *
E_ 2) Recommend DOM intervention
5 Self-training program 3) Instruction for self-training Multidisciplinary Conference
p (POD 44)
1) Muscle strengthening training; Squats and calf raises with 100 repetitions
2) Physical activity (at least 10,000 steps per day) f
3) Maintain the activities of daily life and prepare to resume work.
Request for
Discharge (POD 43) | PT direct training ended (POD 43) confirmation
50 | Adjuvant H
chemotherapy : Attend DOM regular conferences
= (POD 66) Opinion about employment Interview with
= . -
g 1) Start with part-time RTW for several weeks M occupational physician (POD 93)
gﬁ 2) Adjust labor burden according to the physical condition ‘
o -
g : Regular follow- >, ( Employment consideration letter
& egular follow-up < . (POD 97)
100
Plan: PT ‘
. : : Part-time RTW started (POD 112)
Do: Patient Self-training | Action: DOM team 3 times
: i 2 weeks
=
= Cheplss DOM physician Full-time RTW started (POD 125)
130 A 4
4 Follow-up completed (POD 136) l
Fig. 1. Flow diagram from discharge to RTW

RTW, return to work; DOM, department of occupational medicine; POD, postoperative day; PT, physical therapy; ADL, activity of

daily living

program during regular visits to the DOM. At the regular
DOM clinic, the patient said “I have been able to continue
the self-training program without any problems.” while
showing his pedometer, and the DOM team shared the
training progress at regular DOM meetings.

The attending physician reported that adjuvant che-
motherapy was scheduled. After consulting with multiple
professionals, it was determined that the patient could per-
form the work from a medical perspective. In addition, the
DOM recommended the following reasonable accommo-
dations for RTW: 1) starting with reduced working hours,
mainly in the morning, for several weeks after RTW, and
2) adjusting labor burden according to the physical condi-
tion. Our decision is reflected in a letter of opinion regard-
ing employment. The patient said, “I am grateful for DOM’s
continuous support. I am anxious about the side effects now

that chemotherapy is starting, but I will do my best in the
self-training program to get back to work.”

Progress after DOM intervention

On POD 66, oral fluoropyrimidines (S-1) was initiated
as adjuvant chemotherapy. After S-1 administration, the
patient did not experience any noticeable side effects. Based
on the letter of opinion regarding employment, the occupa-
tional physician interviewed the patient on POD 93. During
the interview, the following employment considerations
were determined: 1) to start with short morning-only shifts
and transition to full RTW over three weeks and 2) to take a
break indoors every hour during hot weather. On POD 97, an
employment consideration letter was submitted to the work-
place. Three regular medical examinations were conducted
by the DOM until the patient resumed work, and lifestyle and
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exercise habits were reviewed in preparation for his RTW.
The patient said, “My return to work is getting closer, but
I am vaguely worried about whether I will be able to do it.
Anyway, I will not know until I try so that I will do my best.”

On POD 112, the patient resumed the morning shift,
which was expanded to 6 h, one week later. One week after
starting the reduced working hours (POD 125), the patient
completely resumed regular work without overtime. After
confirming that there would be no issues with continuing to
work after his RTW, the patient completed the DOM assess-
ment on POD 136. All WAI items and summary scores that
decreased after surgery improved after RTW (Table 3). The
patient said, “Thanks to DOM's outreach to my workplace
and the occupational physician, I was able to return to work
with peace of mind. Fortunately, my boss and colleagues
also supported me a lot.”

Discussion

In this case, we performed perioperative rehabilitation
in collaboration with the DOM in a patient with cholangio-
carcinoma, and two crucial clinical findings were obtained.
First, perioperative rehabilitation in collaboration with the
DOM may be effective in facilitating a smooth RTW in
patients with reduced exercise capacity and work ability fol-
lowing surgery. Second, physical therapists should actively
promote health and employment support.

In this patient with cancer, who experienced reduced
exercise capacity and work ability after surgery, incorporat-
ing an exercise component into the RTW support may have
facilitated the seamless transition of exercise instruction from
inpatient to outpatient treatment and enabled a smooth RTW.
Pancreaticoduodenectomy has a high risk of postoperative
complications, particularly pancreatic fistulas, which require
long-term drainage”. A previous study reported postoperative
complications as factors preventing RTW in cancer patients”.
This patient also required prolonged drainage for 41 days
and showed decreased weight, skeletal muscle mass, exercise
capacity, and work ability. In addition, because the medical
system does not approve outpatient rehabilitation for patients
with cancer, physical therapy ended after the patient was pro-
vided with the instructions for self-training exercises. It has
been reported that aerobic and resistance training-driven exer-
cise interventions for working patients with cancer provide a
higher RTW effect than usual care, thereby increasing aware-
ness regarding the importance of rehabilitation interventions'”.
However, unlike rehabilitation programs for stroke and other
diseases, outpatient rehabilitation after abdominal surgery is
not well-established in clinical settings'®. Comprehensive
physical, psychological, and occupational interventions are
reportedly effective in aiding RTW in breast cancer survivors'.

The physical therapist plays a crucial role in provid-
ing perioperative rehabilitation and recommending DOM
intervention to the patients, enabling timely DOM interven-
tion. There are few reports on the involvement of physical

therapists in the RTW of cancer patients, and most involve
patients with breast cancer™"”. Our previous study also
revealed that preoperative physical performance is related
to postoperative RTW in patients with lung cancer'”. When
providing DOM support, a patient request is required for
the intervention of the DOM®. However, patients rarely
recognize this need, even when they are in a situation that
requires professional intervention. In our previous research
on perioperative working patients with lung cancer, only
3 of 59 patients (5%) were offered DOM intervention'". It
is crucial for physical therapists, who spend considerable
time in contact with patients during physical therapy, to
determine the need for intervention and promote health and
employment support by specialists based on the patient’s
challenges and physical performance, and to actively rec-
ommend DOM intervention to patients.

A systematic review has reported that perioperative
rehabilitation during abdominal surgery is effective in pre-
venting pulmonary complications™. It has been reported that
patients with sarcopenia before pancreaticoduodenectomy
are at risk of developing postoperative pancreatic fistula and
have a poor prognosis™*”. Although this patient did not have
obvious sarcopenia preoperatively, he was administered
aggressive physical therapy preoperatively, considering the
high risk of postoperative complications due to disease char-
acteristics. As a result, although the patient did not develop
any postoperative pulmonary complications, the fever, and
prolonged drainage due to a pancreatic fistula resulted in a
decline in physical performance at the time of discharge.
Preoperative rehabilitation for patients undergoing pancre-
aticoduodenectomy has been reported to significantly reduce
the incidence of postoperative pancreatic fistula®™. Compre-
hensive perioperative rehabilitation is needed to prevent the
development of postoperative pancreatic fistulas.

In addition to the decline in physical function after sur-
gery, our patient was scheduled to continue chemotherapy
for an extended period after his RTW, and there were con-
cerns about physical effects such as fatigue and decreased
physical performance due to side effects associated with
chemotherapy. Although Japan’s medical system does not
approve outpatient rehabilitation for cancer patients, the
DOM team with the physical therapist surmounted this
challenge by checking the self-training progress when the
patient visited the DOM clinic every fortnight. During out-
patient visits after discharge, the physical therapist attended
DOM meetings regularly and provided continuous support
by sharing the patient’s physical function and self-training
methods from the professional perspective of physical ther-
apy. Based on these meetings, the physician in charge of the
regular DOM follow-up clinic took over exercise instruction.
In this case, the direct and indirect contributions of the phys-
ical therapist enabled the patient to build physical strength
for return to work. Previous studies reported that work did
not necessarily lead to improved health and physical perfor-
mance among cancer survivors and that continuous support
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is required even during work™. In the future, it may be nec-
essary to consider including regular physical performance
assessments and rehabilitation in the employment support
protocol after RTW.

In Japan, very few facilities like our hospital possess a
DOM that specializes in promoting health and employment
support. If there is no intervention from the DOM, health
and employment support is a personal matter between the
attending physician and the workplace. In particular, small
businesses that do not have occupational physicians often
struggle to decide whether to resume work, provide sup-
port methods, and cooperate with medical institutions”. The
Japan Organization of Occupational Health and Safety is
taking the initiative to train coordinators to promote health
and employment support. In the future, many physical ther-
apists will be required to champion the promotion of health
and employment support and adopt the role of Coordinator
of the Promotion of Health and Employment Support.

Conclusion

There are few reports on physical therapy in the pro-
motion of health and employment support, and there are
no established physical therapy programs. In particular, the
Japanese medical system does not approve outpatient reha-
bilitation for cancer patients, making it difficult for them to
obtain rehabilitation support, including RTW assistance,
after discharge. This case report suggests that physical ther-
apists play a crucial role in providing continuous support for
patients, from perioperative rehabilitation to DOM interven-
tion to build physical strength for return to work.

In collaboration with the DOM, perioperative rehabil-
itation may contribute to a smooth RTW in cancer patients
experiencing decreased work ability after surgery. There-
fore, physical therapists should actively promote health and
employment support. In the future, the physical therapist will
be required to acquire professional qualifications as a Coordi-
nator of the Promotion of Health and Employment Support.
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