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はじめに
わが国の高齢化の進行は著しく，65 歳以上の人

口の割合（高齢化率）は年々上昇し，2022 年には

29.0％に達している1)．2022 年に厚生労働省から

発表された平均寿命は，男性 81.05 歳，女性 87.09

歳であり，今後も増加する見込みである．死因は

割合の多いものから，がん（24.6％），心疾患

（14.8％），老衰（11.4％），脳血管疾患（6.8％），肺

炎（4.7％），誤嚥性肺炎（3.6％）であり2)，医療を

必要とする高齢者は増え，これらの疾患の予防や

治療を行うことはリハビリテーション医学の重要な

課題である．

また，高齢化に伴い要介護者も年々増加してお

り，2021 年度末で要介護・要支援の認定者数は

690 万人を超えている3)．2022 年に厚生労働省が

実施した国民健康基礎調査では，介護が必要と

なった原因で多いものから認知症（16.6％），脳血

管疾患（16.1％），骨折・転倒（13.9％）であり，要

支援者の原因に限れば，多いものから関節疾患

（19.3％），高齢による衰弱（17.4％），骨折・転倒

（16.1％）となっている4)．平均寿命の延伸とともに

健康上の問題で日常生活が制限されることなく生

活できる期間である健康寿命を延伸することが健

康づくりの課題となっている．健康寿命を延伸す

るためには要介護・要支援の状態を予防・改善す

ることが必要であり，リハビリテーション医学の果

たす役割は大きい．

リハビリテーション医学で対象となる疾患・障

害・病態はさまざまであるが，その多くが加齢に関

係している5)（図 1）．特に近年注目されているサ

ルコペニア，フレイル，ロコモティブシンドローム

（ロコモ）は加齢に関係した病態であり，その対策

が重要である．

また，高齢化や社会状況の変化とともに人々の

生き方も変化している．人生 100 年時代といわれ，

定年まで 1 つの職場で働く価値観は変化し，ライ

フステージの変遷や働き方改革なども相まって，多

様な生き方，働き方が求められている．職場では

高年齢労働者が増え，それに伴い高年齢労働者の

労働災害防止が重要な課題となっている．

加齢による身体機能の変化
加齢は人が生まれてから発達し成熟し老化し死

に至るまでの年を重ねる全過程を指すことが多く，

その中で老化は成熟した後に衰える過程を指すこ
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とがあるが，両者を区別することは難しく，同様の

意味で使われることもある．ここでは，加齢と老化

をいずれも身体機能が衰える過程とみなして述べ

させていただきたい．

加齢による身体機能の変化は，分子・細胞レベ

ルから臓器レベル，個体レベルとすべての階層で

起こっている．呼吸，循環，消化器，血液，内分

泌，腎機能などの臓器の機能低下はそれぞれの内

部疾患の原因となる．神経や骨関節の機能低下は

運動器疾患や歩行能力低下の原因となる．また，

視覚の機能低下として，老眼，白内障などがあり，

聴覚の機能低下として老人性難聴がある．視覚や

聴覚の機能低下は転倒と関連があり6)，リハビリ

テーション治療における転倒予防対策として十分

配慮する必要がある．また，難聴は認知症発症の

リスク因子としても寄与率が非常に高く，その対策

が重要である7, 8)．

加齢に伴う筋力・体力の変化
一般的に筋力は，20～30 歳代をピークとして以

後加齢とともに減少し，70～80 歳代ではピーク時

より 20～40％低下する9)．体力テストの結果は，

筋力や筋持久力の指標である上体起こし，柔軟性

の指標である長座体前屈，敏捷性の指標である反

復横跳び，全身持久力の指標である20mシャトル

ラン，最大酸素摂取量はいずれも 20 歳の手前に

ピークがあり，以後加齢とともに低下する10-12)．

また，歩行速度や歩幅も加齢によって低下する13)．

図 1 リハビリテーション医学の対象となる疾患，病態，障害（文献 5より引用）
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加齢とともに体力は低下するが，最近の高齢者で

は筋力，筋持久力，柔軟性，バランス能力，歩行能

力など全般的に体力が向上していることも明らか

になっている10)．

加齢に伴う筋肉の変化
骨格筋の筋線維にはミトコンドリアを多く含む

type 1 線維とミトコンドリアが少なく解糖系酵素

を多く含む type 2 線維の 2種類があり，type 2 線

維はさらに type 2A と type 2B に分けられる．

type 1 線維が slow-twitch oxidative（SO）型，

type 2A 線維が fast-twitch oxidative glycolytic

（FOG）型，type 2B 線維が fast-twitch glycolytic

（FG）型に対応している．加齢に伴う筋肉量減少

では，type 2 線維，特に速筋の特徴が強い type 2B

線維が選択的に萎縮し，廃用に伴う筋萎縮では抗

重力筋に多い type 1 線維が優位に萎縮する14)．

加齢に伴う筋力低下の原因は筋肉量の減少だけ

でなく，運動ニューロン，神経筋接合部，筋線維を

含む神経筋システム全体の変化が影響している15)

（図 2）．運動ニューロンでは運動単位数が減少し，

伝導速度の低下や運動単位の放電率の低下が起こ

る．神経筋接合部では，シナプス前小胞やシナプ

ス後受容体が減少し，アセチルコリンの漏出が増

えて，機能が不安定となる．筋線維では，筋線維

の大きさの減少だけでなく，筋線維数の減少や筋

線維の再生に働く衛星細胞の減少が起こる15)．こ

れらの神経筋システム全体の変化の結果として，

筋収縮速度の低下や筋出力の低下が起こり，速い

動的運動での疲労が起こりやすくなる．

図 2 加齢による神経筋システムの変化（文献 15 より改変引用，和訳）
↓は減少，↑は増加を表す．MHC：myosin heavy chain
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老化の原因
分子・細胞レベルの老化の原因として，12 個の

原因が挙げられている16)（表 1）．すなわち，ゲノ

ム不安定性，テロメア短縮，エピジェネティックな

変化，タンパク質恒常性の喪失，マクロオートファ

ジーの無効化，細胞老化，ミトコンドリアの機能不

全，栄養感知の制御不全，腸内細菌叢の異常，慢

性炎症，細胞間コミュニケーションの変化，幹細胞

の枯渇である．細胞老化では，老化した細胞から

炎症性サイトカインや細胞外マトリックス分解酵

素などのさまざまな生理活性物質の分泌が亢進し

ている現象である細胞老化関連分泌現象（senes-

cence-associated secretory phenotype：SASP）が

関係している17)．分子・細胞レベルの老化のメカ

ニズムを解明することや抗加齢医学との連携もリ

ハビリテーション医学の大きな課題と思われる．

サルコペニア，フレイル，
ロコモティブシンドローム
加齢に伴う筋肉量減少であるサルコペニア，心

身の虚弱を表すフレイル，運動器の障害のために

移動機能の低下をきたした状態であるロコモは，

加齢に伴う身体機能低下に関連した病態であり，

リハビリテーション医学で重要な課題である．こ

れらの病態はさまざまな疾患で入院による治療の

予後にも影響を与えることが知られている．

サルコペニアは加齢に伴う筋肉量減少であり，

1989 年に Rosenberg が提唱した用語である18)．

本来の意味である加齢が原因の筋肉量減少を一次

性サルコペニア，低栄養，低活動，疾病が原因の筋

肉量減少を二次性サルコペニアと分類される．原

因やメカニズムは異なるが両者を区別することは

難しく，二次性サルコペニアも含めて対策が行わ

れる．サルコペニアの診断としては，Asian Work-

ing Group for Sarcopenia（AWGS）の 2019 年の

診断基準が広く用いられている19)．ここでは筋肉

量の低下に加えて，筋力の低下あるいは身体機能

の低下があればサルコペニアと診断し，筋肉量の

低下，筋力の低下，身体機能の低下のすべてを満

たせば重度のサルコペニアと診断する．筋肉量の

低下の診断には，下腿周囲径がスクリーニングと

して用いられ，機器による測定が可能な施設にお

いては，dual-energy X-ray absorptiometry（DXA）

法やバイオインピーダンス（BIA）法を用いて四肢

の除脂肪体重または骨格筋量を測定し，骨格筋量

低下の有無を判定する．筋力としては握力が用い

られ，男性 28 kg 未満，女性 18 kg 未満を筋力低

下とみなす．身体機能の評価として，6 m 歩行速

度，5 回椅子立ち上がりテスト，Short Physical

Performance Battery（SPPB）のいずれかを用い，

歩行速度は 1 m/秒未満を身体機能低下とみなす．

5回椅子立ち上がりテストは，腕を組んだ状態で椅

子から5回立ち上がるのにかかった時間を測定し，

12 秒以上を身体機能低下と判定する．SPPBはバ

ランステスト，立ち上がりテスト，歩行テストの 3

項目からなる合計 12 点の評価方法であり，9点以

下を身体機能低下とみなす．

フレイルは英語の frailty の日本語訳として，

2014 年に日本老年医学会が提唱した用語であ

る20)．身体的フレイル，精神心理的フレイル，社

表 1 分子・細胞レベルの老化の原因（文献 16 より作
成，和訳）

・ゲノム不安定性
・テロメア短縮
・エピジェネティックな変化
・タンパク質恒常性の喪失
・マクロオートファジーの無効化
・細胞老化
・ミトコンドリアの機能不全
・栄養感知の制御不全
・腸内細菌叢の異常
・慢性炎症
・細胞間コミュニケーションの変化
・幹細胞の枯渇
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会的フレイルに分けられ，筋力の低下により転倒し

やすくなるような身体的問題のみならず，認知機能

障害やうつなどの精神・心理的問題，独居や経済

的困窮などの社会的問題を含む状態である20)．

ロコモは，2007 年に日本整形外科学会が提唱し

た概念で，運動器の障害のために立ったり歩いた

りするための身体能力（移動機能）が低下した状

態である．原因となる運動器疾患には変形性関節

症，変形性脊椎症，骨粗鬆症，骨折，関節リウマチ

などが含まれる．ロコモの評価法としては，座った

状態から片脚あるいは両脚で立ち上がることがで

きるかを調べる立ち上がりテスト，2ステップの長

さ（最大 2歩幅）を測定する2ステップテスト，質

問紙票であるロコモ 25 がある．3 つのテストの結

果をもとにロコモであるか否かを判定し，また，ロ

コモの段階を，移動機能の低下が始まっている状

態であるロコモ度 1，移動機能の低下が進行してい

る状態であるロコモ度 2，移動機能の低下が進行し

社会参加に支障をきたしている状態であるロコモ

度 3のいずれの段階に該当するか判定し，ロコモ

度 3は身体的フレイルとみなされる21)．

サルコペニア，フレイル，ロコモの予防としては，

タンパク質の摂取を含む栄養管理と筋力強化訓練

を中心とした運動が重要である．ロコモに対する

運動としては，ロコモーショントレーニング（ロコ

トレ）としてバランス能力をつける片脚立ちと下肢

の筋力をつけるスクワットが推奨されている22)．

ポストポリオ症候群
（post-polio syndrome：PPS）
ポリオはポリオウイルスの感染によって起こる感

染症であり，わが国では 1950 年代に大流行して，

その後ワクチン接種の効果によって新規患者がい

なくなった．ポリオ罹患者が安定した状態が数十

年続いた後に新たに筋力低下や筋萎縮，疲労感な

どを生じるポストポリオ症候群（post-polio syn-

drome：PPS）が問題となり，リハビリテーション

医学でも重要な疾患である．

PPSで起こる筋力低下は，脱神経が代償的な神

経再支配よりも超えて起こることによると考えられ

ている．加齢もPPSの原因の 1つであり，その他

には過用や免疫学的因子，慢性炎症などが関与し

ていることが報告されている23)．加齢によって運

動単位数は減少するが，ポリオ罹患者では健常者

よりも運動単位数は減少しており，運動単位数が

麻痺の重症度と関係していることがわかってい

る24)．また，ポリオ罹患者では潜時や振幅，波形

が同一な反復 F 波がみられることが特徴的であ

り，F波の測定や針筋電図による活動性脱神経電

位の確認は PPS の診断に有用である25)．PPS の

マネジメントとしては，不活動や過用を避ける生活

指導，軽度～中等度の筋力強化訓練，適切な補装

具の使用などが勧められる23, 26)．

産業医科大学では 2001 年から年に 1 回ポリオ

検診を実施し，ポリオ罹患者の身体機能の変化を

経時的に調査している．参加者の平均年齢は初回

の 2001 年には 52.8 歳であったが，2023 年には

71.5 歳と高齢化が進んでおり，PPS だけでなく腰

痛や転倒，骨折など高齢化に伴う課題が増えてい

る．ポリオ罹患者の筋力の変化は経年的に低下し

ているが，等運動性筋力測定機器で測定した筋力

は，5 年経過すると有意に低下している27, 28)（図

3）．また，1 年間あたりの筋力の低下率は膝伸展

筋力のほうが膝屈曲筋力よりも有意に低下してい

る27, 28)．

高年齢労働者への対応
60 歳以上の雇用者数は過去 10 年で 1.5 倍に増

加し，2022 年には労働災害の休業 4日以上の死傷

者の 28.7％が 60 歳以上である29)．高年齢労働者

では，視力，聴力，バランス能力，筋力などが低下

していることが問題となり，高年齢労働者の安全と
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健康の確保は労働衛生の現場で重要な課題となっ

ている．2020 年 3 月に厚生労働省は，高年齢労働

者の安全と健康確保のためのガイドライン（エイジ

フレンドリーガイドライン）を策定した30)．この中

で高年齢労働者に配慮した職場環境の改善例とし

て，段差をなくすことや照明を明るくするなどの転

倒予防のための環境改善や，腰痛予防のために介

護現場でリフターやトランスファーボードを使用す

ることなどが推奨されている．また，ガイドライン

では，高年齢労働者に対する体力チェックの実施

や高年齢労働者の身体機能の維持向上のためにフ

レイルやロコモの予防に取り組むことも推奨されて

いる．このように転倒予防や腰痛予防，フレイルや

ロコモ対策など，高年齢労働者への対応には，リハ

ビリテーション医学の知識や経験を生かすことが

できる．

おわりに
加齢による身体機能の変化は，分子・細胞レベ

ルから起こっており，そのメカニズムの解明や筋

力低下や運動機能低下に対する基礎研究は重要で

ある．サルコペニア，フレイル，ロコモを適切に診

断し改善することはリハビリテーション医学の重

要な課題であり，高年齢労働者への対策の中でも

リハビリテーション医学が果たす役割は大きいと

考える．

本論文発表内容に関して申告すべきCOIはなし．
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s u m m a r y

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
detection of sarcopenia.
Methods: A retrospective cross-sectional study was conducted in 279 hospitalized patients with CTDs
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, AI training, and similar technologies.

1. Introduction

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

deformities. Steroid treatment reduces muscle strength and mass
and increases the risk of sarcopenia [3,4].

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, Sj€ogren'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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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
[9e12]. Phase angle is negatively associated with sarcopenia in
patients with stroke, heart disease, and cancer [13e17]. 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 [18e20], 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 [21e24] 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) � (180/p), 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/m2 for men
and <18 kg and <5.7 kg/m2 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), Sj€ogren'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.

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 ShapiroeWilk 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
ManneWhitney U test after normality assessment using the
ShapiroeWilk 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 1e3 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 andwithout sarcopenia. The distribution of CTD types
was as follows: RA was the most common (N ¼ 112), followed by
SSc (N ¼ 66), PM/DM (N ¼ 50), AAV (N ¼ 35), SS (N ¼ 23), SLE
(N ¼ 21), MCTD (N ¼ 15), GCA (N ¼ 4), and others (N ¼ 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 Behçet'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 ¼ 0.007), were more likely to have osteo-
porosis (p < 0.001), had higher ECW/TBW (p < 0.001) and CRP
(p ¼ 0.019) levels, and had lower hemoglobin levels (p ¼ 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 ¼ �0.301, p ¼ 0.007), BMI (r ¼ 0.384,
p < 0.001), HGS (r ¼ 0.559, p < 0.001), and hemoglobin level
(r ¼ 0.582, p < 0.001). In women, the phase angle correlated with
age (rho ¼ �0.517, p < 0.001), BMI (rho ¼ 0.253, p < 0.001), HGS
(rho ¼ 0.532, p < 0.001), SMI (rho ¼ 0.38, p < 0.001), and hemo-
globin (rho ¼ 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 ¼ 279) Sarcopenia (þ) (N ¼ 134) Sarcopenia (�) (N ¼ 145) P

Age, years 73.3 [66.3e79.1] 75.4 [68.9e80.3] 70.5 [62.7e75.8] <0.001
Men, n (%) 80 (28.7 %) 36 (26.9 %) 44 (30.3 %) 0.596
BMI, kg/m2 21.6 [19.5e24.1] 20.4 (2.6) 23.4 (3.7) <0.001
CTD types, n (%)
RA 112 (40.1 %) 69 (51.5 %) 43 (29.7 %) <0.001
SSc 66 (23.7 %) 22 (16.4 %) 44 (30.3 %) 0.007
PM/DM 50 (17.9 %) 22 (16.4 %) 28 (19.3 %) 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 (1.4 %) 2 (1.5 %) 2 (1.4 %) 1
Others 5 (1.8 %) 2 (1.5 %) 3 (2.1 %) 1

Comorbidities, n (%)
Hypertension 123 (44.1 %) 64 (47.8 %) 59 (40.7 %) 0.277
Diabetes mellitus 61 (21.9 %) 30 (22.4 %) 21 (21.4 %) 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 (1.4 %) 0.265

ECW/TBW 0.4 [0.39e0.41] 0.4 [0.4e0.41] 0.39 [0.39e0.4] <0.001
HGS, kg 16.3 [11e20.9] 13.6 [8.6e16.8] 19.6 [15.4e24.2] <0.001
SMI, kg/m2 5.7 [5.1e6.4] 5.2 [4.7e5.6] 6.4 [5.8e7.3] <0.001
Phase angle, � 4.3 (1.08) 3.9 [3.4e4.5] 4.7 [4e5.4] <0.001
CRP, mg/dL, 0.51 [0.13e3.47] 1.12 [0.15e4.73] 0.4 [0.11e1.71] 0.019
Hemoglobin, g/dL, 11.7 [10.2e13] 11.3 [9.5e12.5] 12 [10.7e13.2] 0.001
Days from admission to rehabilitation start day 1 [1e3] 1 [1e3] 1 [1e3] 0.417
Daily use of DMARDs, n (%) 60 (21.5 %) 31 (23.1 %) 29 (20 %) 0.561
Oral prednisolone dose, mg/day 0 [0e2] 0 [0e3] 0 [0e1] 0.313
Preadmission, n (%) 0.18
Home 249 (89.2 %) 116 (86.6 %) 133 (91.7 %)
Another hospital 30 (10.8 %) 18 (13.4 %) 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, Sj€ogren'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.

Fig. 1. The prevalence of sarcopenia in each connective tissue disease.
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Model 1 revealed that sarcopenia was negatively associated with
phase angle (b ¼ �0.126, B ¼ �0.272, 95 % confidence
interval �0.507 to �0.037, p ¼ 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 ¼ �0.11, B ¼ �0.238, 95 % confidence interval �0.381
to �0.094, p ¼ 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

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� inwomen. To the best of our knowledge, this is

Table 2
Results of the Pearson correlation and Spearman rank correlation analysis between phase angle and sarcopenia-related factors in both sexes.

Variable
Men Women

Overall (N ¼ 80) r P value Overall (N ¼ 199) rho P value

Age 72.8 (9.3) �0.301 0.007 72.5 [65.3e78.9] �0.517 <0.001
BMI 22.5 (3.1) 0.384 <0.001 21.3 [19.3e23.8] 0.253 <0.001
HGS 22.8 (8.6) 0.559 <0.001 15 [9.3e18.2] 0.532 <0.001
SMI 6.8 (1.2) 0.097 0.394 5.4 [4.9e6] 0.38 <0.001
Hemoglobin 11.8 (2.2) 0.582 <0.001 11.7 [10.2e12.6] 0.432 <0.001
Phase angle 4.63 (1.14) 4.14 (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.

Variable
Model 1 Men Model 2 Women

b B 95 % CI 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) 0.325
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; CI, confidence interval.
Adjusted R2: Model 1, 0.867; Model 2, 0.823.

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 4e5�

[13e17]. These values are higher in males than in females. In
contrast, the phase angle in healthy individuals has been reported
to be 6e7� [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.

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

INTRODUCTION

Respiratory sarcopenia is a medical condition character-
ized by low respiratory muscle mass and strength.1,2) It 

appendicular skeletal muscle mass, muscle strength, and 
physical function.3) Shortness of breath, dyspnea, reduced 
coughing ability, and aspiration pneumonia caused by respi-
ratory sarcopenia can result in decreased activities of daily 
living (ADL). Therefore, it is crucial to assess respiratory 

sarcopenia because of the unfavorable impact of low ADL 
on mortality.4,5)

Sarcopenia is a risk factor for decreased ADL.3) The preva-
lence of sarcopenia in patients with primary lung cancer, 
interstitial pneumonia, and chronic obstructive pulmonary 
disease (COPD) is 45%,6) 32.1%,7) and 21.6%,8) respectively. 

muscle strength,1) is associated with decreased ADL9) and 
sarcopenia in older adults.10) One study found that ADL 
independence was lower in older adults with sarcopenia and 
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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:
respiratory diseases who underwent rehabilitation. Because the evaluation of respiratory muscle 

skeletal muscle index (<7 kg/m2 for men, <5.7 kg/m2

the baseline Barthel Index (BI). Results: Of 111 inpatients (median age 75 years; 57 women), 13 

of these had probable respiratory sarcopenia. Pulmonary functions (Forced Vital Capacity and 

-
globin (Hb). Multivariate linear regression analysis with baseline BI revealed probable respiratory 

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.
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low respiratory function than in those with only low respira-
tory function or robust groups.11)

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 

-
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 

technologists conducted the pulmonary function tests using 
an electronic spirometer (FUDAC-7, Fukuda Denshi, Tokyo, 

-
spiratory Society.12)

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 (FEV1), 

during a forceful exhalation. PEFR is known to decline with 
age13) and is related to respiratory muscle strength14) and 
sarcopenia.15)

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 

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 

resistance and reactance of the whole body and is related to 
sarcopenia.16) The Barthel Index (BI)17) 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.

and Sarcopenia

-
nia is needed. However, while it is known that respiratory 
muscle mass is associated with trunk muscle mass,18) there 

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),1) probable respiratory 

in cases where the appendicular skeletal muscle mass falls 
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Sarcopenia (AWGS) 2019, which are used as a surrogate for 

from AWGS 2019 (SMI <7 kg/m2 for men and <5.7 kg/m2 
for women)3)

strength (PEFR <4.4 L/s for men and <3.21 L/s for women) 
according to a previous report.15)

also used the AWGS 2019,3) with low appendicular skeletal 
muscle mass indicated by SMI less than 7 kg/m2 for men 
and less than 5.7 kg/m2 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 <1 m/s), short physi-

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),19) Brinkman Index,20) 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 

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.

the association among probable respiratory sarcopenia, age, 
BMI, CCI, PhA, Hb, and baseline BI. Age,3) BMI,3) CCI,21) 
PhA,16) and Hb22) 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 

-
variate linear regression model was then calculated. Comor-
bidity is associated with decreased ADL in older adults.23) 
BMI24) and Hb25) 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

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 

Prog. Rehabil. Med. 2024; Vol.9, 20240014 3

Fig. 1. Flowchart of patient recruitment.
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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 

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-

(P<0.001), lower SMI (P<0.001), more cases of sarcopenia 

than patients without probable respiratory sarcopenia. PhA 
tended to be lower in patients with probable respiratory sar-

function tests, patients with probable respiratory sarcopenia 
exhibited lower FVC, FEV1, and PEFR (P<0.013, P<0.001, 
and P<0.001, respectively) than patients without probable 

was observed in the FEV1/FVC ratio between patients with 

-

-

the baseline BI (adjusted R2

CCI, 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 

that probable respiratory sarcopenia was independently 

of probable respiratory sarcopenia that we adopted from a 
position paper by four Japanese health organizations,1) we 

-
tory sarcopenia with decreased ADL in older inpatients with 
respiratory diseases.

The position paper on the diagnosis of respiratory sarco-
penia1) 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 

-
spiratory muscle strength. However, low respiratory muscle 

few studies on the association between sarcopenia and low 
PEFR9,15) in older adults. Kera et al.15)

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 

-
ance among community-dwelling older adults. Therefore, 

organizations for probable respiratory sarcopenia,1) we used 

(7 kg/m2 for men and 5.7 kg/m2

values for low respiratory function (4.4 L/s for men and 3.21 
L/s for women) based on previous reports.3,15)

26) Our study showed 
1/FVC ratio between patients with 

and without probable respiratory sarcopenia. Furthermore, 
FVC and FEV1 were lower in patients with probable respi-
ratory sarcopenia. Therefore, despite the impact of airway 

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 

sarcopenia, such as age, PhA, or Hb. PhA has been reported 
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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

(Phys Ther Res 00: 00–00, 0000)

Introduction

According to the World Health Organization (WHO), 
one in five persons will develop cancer in their lifetime1). 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 employed2). For cancer survivors, a wors-
ening employment environment, including layoffs, reduces 
their quality of life and leads to socio-economic losses3,4). 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 further5). 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 policies6). 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 high7). Postoperative com-
plications are a disincentive to resume work8).

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 Japan9). 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 patients10). In 2018, the Department 
of Occupational Medicine (DOM) was established at our 
hospital to provide the patients with health and employment 
support11). 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/m2). 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 IU/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 (cT3N0M0) 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 3.012). 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 (μTas 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 reports13,14). 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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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/m2, the 6-min walking distance declined from 
518 to 460 m (predicted reduction of METs from 3.89 to 
3.55)15), and his WAI summary score was reduced from 37 to 

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 day16)), 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 day16), 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 

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)

 Self-training 
guidance

Necessity and methods of early 
postoperative weaning

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

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

Mobilization Toilet walk—200 m walk, 
 depending on physical condition

Sustained drainage periods (POD 15–42)

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

Resistance training Squats, calf raises (30–100 
repetitions)

Endurance training Light-to-moderate intensity 
interval cycle ergometer (10–20 
min) 200–500 m walks

Self-training 
guidance

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

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

Table 2.  Changes in physical performance parameters 
during hospitalization

Preoperative Discharge

BW (kg) 74.0 68.7

Skeletal muscle index (kg/m2)  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
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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 

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 
lifetime best

8 1 7

2 Subjective work ability in relation to both the physical and mental 
demands of work

7 2 6

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

WAI, work ability index; RTW, return to work

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
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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 drainage2). A previous study reported postoperative 
complications as factors preventing RTW in cancer patients8). 
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 interventions17). 
However, unlike rehabilitation programs for stroke and other 
diseases, outpatient rehabilitation after abdominal surgery is 
not well-established in clinical settings18). Comprehensive 
physical, psychological, and occupational interventions are 
reportedly effective in aiding RTW in breast cancer survivors19).

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 cancer20,21). Our previous study also 
revealed that preoperative physical performance is related 
to postoperative RTW in patients with lung cancer11). When 
providing DOM support, a patient request is required for 
the intervention of the DOM6). 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 intervention11). 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 complications22). It has been reported that 
patients with sarcopenia before pancreaticoduodenectomy 
are at risk of developing postoperative pancreatic fistula and 
have a poor prognosis23,24). 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 fistula25). 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 work26). 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 institutions6). 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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