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B & B RBERE & D BEE- Stk s X OVE
PRI D3 AT I BE SR I I F -
EPRESE AT 146- 152, 2020) ~41.7 %

(Endo T, et al: Height loss but not body
composition is related to low back pain

in community-dwelling elderlies:
Shimane CoHRE study. BMC

Musculoskelet Disord 20: 207, 2019 doi:
10. 1186/ s12891- 019- 2580- 6.) (%1%
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Abstract

Background Dynapenia, defined as age-related skeletal muscle strength decline, has been reported as a poor prognostic
factor in patients with cardiovascular disease. Decline in skeletal muscle strength (DS), the main symptom of dynapenia,
may be an important clinical indicator in patients undergoing cardiac surgery. However, the relationship between DS and
postoperative pulmonary complication occurrence is unclear. Herein, we investigated the relationship between preoperative
DS and postoperative pulmonary complication occurrence in patients undergoing cardiac surgery.

Methods We enrolled 125 patients who underwent cardiac surgery. DS was determined by low grip strength and quadriceps
isometric strength. The patients were divided into DS and non-DS groups. The relationship between the clinical character-
istics and preoperative physical function was compared, and factors associated with postoperative pulmonary complication
occurrence were investigated using multivariate logistic regression analysis.

Results There were 42 (33.6%) patients in the DS group and 83 (66.4%) patients in the non-DS group. Compared with the
non-DS group, the DS group was significantly older and had a higher body mass index and Japan SCORE (operative mortality
rate and major complication rate). The DS group also had a lower estimated glomerular filtration rate and preoperative Barthel
index than the non-DS group. Furthermore the DS group had a significantly higher incidence of postoperative pulmonary
complications and length of intensive care unit stay, and their postoperative rehabilitation was prolonged compared to the
non-DS group. Multivariate logistic regression analysis revealed that DS was a determinant of postoperative pulmonary
complications (odds ratio 4.26, 95% confidence interval 1.63—11.14).

Conclusions We showed that preoperative DS was an independent risk factor for postoperative pulmonary complications in
patients undergoing cardiac surgery. Skeletal muscle strength before cardiac surgery may be an important clinical indicator
for predicting the prognosis of patients from post-surgery to discharge and for planning postoperative rehabilitation programs.

Keywords Cardiac rehabilitation - Cardiac surgery - Postoperative pulmonary complications - Skeletal muscle strength
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Introduction

Cardiac rehabilitation after cardiovascular surgery is cru-
cial to preventing various perioperative complications and
enabling the patient to rapidly regain their preoperative
physical function and activities of daily living. A delay in
the progression of rehabilitation after cardiac surgery is
caused by invasive surgery and postoperative complica-
tions. Among these causes, postoperative pulmonary com-
plications, such as pneumonia and delayed withdrawal of
mechanical ventilation, are highly relevant, as they have
been reported to increase postoperative mortality and the
length of hospital stay [1, 2]. Although it is now clear that
postoperative respiratory complications can be reduced by
early rehabilitation [3], the continued aging of Japanese
cardiovascular surgery patients and the increasing number
of those with multiple comorbidities [4] necessitates new
strategies to identify patients at high risk of postoperative
respiratory complications.

Recently, there has been increasing interest in sarcope-
nia, which is defined as an age-associated loss of skeletal
muscle mass and function [5]. Preoperative sarcopenia is
a risk factor associated with the occurrence of complica-
tions after cardiac surgery [6, 7]. However, skeletal muscle
mass may be overestimated in patients with age-related
decline in skeletal muscle strength without skeletal mus-
cle loss, and those with cardiac disease, who are prone
to fluid retention [8]. Therefore, an assessment approach
based exclusively on sarcopenia may miss non-sarcopenic
patients with muscle weakness, who are at high risk of
postoperative complications. From the above, it is neces-
sary to clarify the difference between age-related changes
in muscle mass and changes in muscle strength. Dynapenia
is a recently proposed concept, defined as an age-related
decline in skeletal muscle strength. This decline has also

been reported to be a poor prognostic factor in patients
with cardiac disease [9, 10]. Such a decline may also be
an important clinical indicator in patients undergoing car-
diac surgery; however, an association between a preopera-
tive decline in skeletal muscle strength and postoperative
pulmonary complication occurrence has not been hitherto
elucidated. Thus, we aimed to investigate the relationship
between a decline in preoperative skeletal muscle strength
and postoperative pulmonary complication occurrence in
patients undergoing cardiac surgery.

Materials and methods
Study design and participants

We retrospectively enrolled 222 patients who underwent car-
diac surgery at the University of Occupational and Environ-
mental Health Hospital in Japan from April 2016 to March
2020. We excluded patients who underwent emergency sur-
gery or in whom preoperative skeletal muscle strength could
not be evaluated. Seven patients underwent emergency sur-
gery and 90 patients could not undergo preoperative assess-
ments. Thus, 125 patients were finally included in this study
(Fig. 1). The requirement for obtaining patient informed
consent was waived because this study was retrospective.
This study was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki and the Act on
the Protection of Personal Information and was approved by
the Ethics Committee of the University of Occupational and
Environmental Health (No. UOEHCRB 20-155).

Clinical characteristics and measurements

The following clinical characteristics were used as preop-
erative variables: age, sex, body mass index (BMI), serum

Fig. 1 Process of enrolling
participants in this study

222 patients who underwent cardiac surgery
from April 2016 to March 2020

Exclusion criteria (n=97)
~emergent surgery (n=7)

- preoperative skeletal muscle strength (n=90)
could not be evaluated for whatever reason

125 patients were included in this study

O

DS group
(n=42)
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Non-DS group
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albumin level, estimated glomerular filtration rate (¢GFR),
left atrial dimension, left ventricular ejection fraction, New
York Heart Association classification, coronary risk factors
(hypertension, dyslipidemia, diabetes mellitus, and smoking
history), dialysis status, chronic obstructive pulmonary dis-
ease, and Japan SCORE (operative mortality rate and major
complication rate) [11]. The preoperative physical function
assessment included grip strength, quadriceps isometric
strength (QIS), and Barthel index (BI). The grip strength
was measured with a Jamar hand dynamometer (Baseline®
Hydraulic Hand Dynamometer, White Plains, NY, USA).
The upper limb was placed in a sitting position with the
elbows in 90° flexion and the forearms in the intermedi-
ate position. The grip strength was measured twice on both
sides, and the average of maximum values was considered
to be the measured value (kg). The QIS was measured using
a hand-held dynamometer (uTas MT-1; ANIMA, Tokyo,
Japan). The patient sat on an elevated bed with arms folded
and knee flexed at 90°. The lower end of the dynamometer
force pad was secured with a belt over the ankle joint. The
QIS was measured 3 times on both sides under maximum
effort. The maximum values were averaged and divided by
the body weight (QIS; N/kg).

Assessment of the decline in skeletal muscle
strength

Decline in skeletal muscle strength was determined accord-
ing to the algorithm of Manini et al. and Uchida et al. [8, 10],
which uses low grip strength and low QIS as positive indi-
cators of skeletal muscle weakness. Low grip strength was
defined as <28 kg in men and < 18 kg in women, according
to the criteria of the Asian Working Group for Sarcopenia
[12]. A low QIS was defined according to the predictive
values of QIS for low grip strength, as described below.

Evaluation of outcomes

We obtained perioperative information, including the type
of operation, operation time, cardiopulmonary bypass
time, mechanical ventilation time, postoperative com-
plications, length of intensive care unit (ICU) stay, and
postoperative progression of rehabilitation. Postoperative
complications were defined according to the Society of
Thoracic Surgeons General Thoracic Surgery Database
guidelines [13]. Pulmonary complications were defined
as the presence of any of the following postoperative con-
ditions within 30 days post-surgery: initial ventilatory
support for >48 h, reintubation for respiratory failure,
pneumonia, or atelectasis. Postoperative cardiovascular
events were defined as events requiring direct current
cardioversion, catheter ablation, percutaneous coronary
intervention, intra-aortic balloon pumping, percutaneous

cardiopulmonary support due to postoperative circula-
tory collapse, and catecholamine restart or dose increase,
as well as events, such as cardiac tamponade with peri-
cardiocentesis. Infectious complications were defined as
the presence of wound infection, abscess, sepsis, or other
infections requiring antibiotic use within 30 days after sur-
gery. Postoperative delirium was defined using the Japa-
nese version of the Confusion Assessment Method for the
ICU [14]. The indicators of postoperative progression of
rehabilitation were the 1st day of sitting on the edge of the
bed, 1st day of standing, and 1st day of walking.

Progression of postoperative rehabilitation

All patients were provided rehabilitation exercises by physi-
cal therapists, based on the physician’s order, preoperatively
to discharge. The rehabilitation program was conducted
according to the Japanese Circulation Society guidelines for
the rehabilitation of patients with cardiovascular diseases
[15]. The early postoperative rehabilitation program started
in the ICU and included getting out of bed, standing at the
bedside, stepping at the bedside, and walking. Moreover,
postoperative rehabilitation was performed with individual-
ized program planning and modification according to each
patient’s physical function status, and a program was con-
ducted to increase the exercise intensity in stages.

Statistical analysis

The normality of the variables was assessed using the
Shapiro—Wilk test. Continuous variables are expressed
as mean + standard deviation. Categorical variables are
expressed as numbers and percentages. First, the predic-
tive value of QIS for low grip strength was analyzed using
receiver operating characteristic (ROC) curves, and the cut-
off value for low QIS was defined according to the Youden
index for men and women. Next, the patients were divided
into a group with (DS group) and without (non-DS group)
DS, and the relationships among clinical characteristics,
preoperative physical function, intraoperative findings, and
postoperative outcomes were compared. The clinical char-
acteristics between the two groups were compared using the
Mann—Whitney U test, Fisher’s exact tests, and unpaired
Student’s #-test. Univariate logistic regression analyses
were performed to evaluate the association between various
prognostic factors and postoperative pulmonary complica-
tion occurrence [16, 17]. The factors in univariate analysis
showing P <0.10 were entered into a multivariate logistic
regression model. Statistical significance was set at P <0.05.
All analyses were performed using SPSS software (IBM
SPSS Statistics 25, IBM Japan, Tokyo, Japan).
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Results

The predictive value of QIS for low grip strength was
analyzed based on ROC curves (Fig. 2A, B). The area
under the curve was 0.793 (95% confidence interval [CI],
0.692-0.894) in men and 0.728 (95% CI 0.572-0.884) in
women. The predictive values of QIS for low grip strength
were 5.35 N/kg in men and 4.40 N/kg in women. There-
fore, the cutoff values of low QIS used in the assessment of

(a) Males

10

08

06

QIS 5.35 N/kg
Sensitivity 71%

Specificity 72%

Highest J value 0.43

AUC=0.793 (95% CI: 0.692 — 0.894)

Sensitivity

04

02

00
00 02 04 06 08 10

1 - Specificity

skeletal muscle strength were 5.35 and 4.40 N/kg in men
and women, respectively.

The flow diagram of skeletal muscle strength assessment
using the criteria of Manini et al. [8, 10] is shown in Fig. 3.
In the total study population, 58 (46.4%) patients had low
grip strength; 42 (33.6% of all the patients) of these had
low QIS.

The clinical characteristics of the patients in the DS and
non-DS groups are shown in Table 1. Of the 125 patients, 42

(b) Females

10

08

> 08
s QIS 4.40 N/kg
= Sensitivity 64%

a Specificity 65%

» i Highest J value 0.29

AUC=0.728 (95% CI: 0.572 — 0.884)

02

00
00 02 04 06 08 10

1 - Specificity

Fig.2 Receiver operating characteristic curve of the predictive value of quadriceps isometric strength for low grip strength. a Males; b Females

Total sample(n=125)

Males(n=85), Females(n=40) > Cutoff values: Males 28kg, Females 18kg

Measure Grip Strength(n=125)

Low Grip Strength

Preserved Grip Strength

(n=58, 46.4%)

(n=67, 53.6%)

Measure Quadriceps Isometric Strength(n=58) Non-DS
Cutoff values: Males 5.35N/kg , Females 4.40N/kg

Low Quadriceps Isometric Strength Preserved Quadriceps Isometric Strength

(n=42, 33.6%)

(n=16, 12.8%)

DS

Non-DS

Fig.3 Flow diagram of patients divided into the decline in skeletal muscle strength (DS) and non-decline in skeletal muscle strength (non-DS)

groups
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Table 1 Patient clinical

o Variables Overall DS group Non-DS group p value
characteristics
(n=125) (n=42) (n=83)
Age (years) 68.7+10.8 77.1£5.1 66+10.8 <0.01
Female (n, %) 40 (32) 18 (43) 22 (27) 0.06
BMI 21.8+3.3 23.5+3.6 21.3+3.1 <0.05
Smoking status (former or current, n, %) 72 (58) 21 (50) 51 (61) <0.05
Hypertension (n, %) 76 (61) 32 (76) 44 (53) <0.05
Diabetes mellitus (n, %) 45 (36) 16 (38) 29 (35) 0.66
Dyslipidemia (n, %) 57 (46) 19 (45) 38 (46) 0.95
Dialysis (n, %) 14 (11) 8 (19) 6 (7) <0.05
COPD (n, %) 18 (14) 7(17) 11 (13) 0.61
eGFR (ml/min/1.73 m?) 55.8+23 46.9+24.9 58.7+21.7 <0.01
Serum albumin (g/dl) 4+04 3.8+0.2 4+0.5 <0.05
NYHA class I/II/III/IV 24/61/27/9 9/17/12/3 15/44/15/6 0.61
LVEF (%) 50.2+9.6 529+8.1 49.3+10 0.60
LAD (mm) 41.7+8.2 41.6+5.8 41.7+89 0.68
Japan SCORE (%)
Operative mortality 27+2.8 3.7+23 24+29 <0.01
Major complications 13.2+8.1 16.4+6.6 12.1+8.3 <0.01
Grip strength (kg) 27.4+104 17.4+6.2 30.7+£9.3 <0.01
Quadriceps isometric strength (N/kg) 52+1.7 33+1.1 6+1.4 <0.01
Barthel index 94.5+13.7 91.5+13.8 95.5+13.7 <0.01

Continuous variables are presented as mean =+ standard deviation. Categorical variables are presented as

numbers (%)

BMI body mass index, COPD chronic obstructive pulmonary disease, DS decline in skeletal muscle
strength, eGFR estimated glomerular filtration rate, LAD left atrial dimension, LVEF left ventricular elec-
tion fraction, NYHA New York Heart Association

(33.6%) and 83 (66.4%) were in the DS and non-DS groups,
respectively. Patients in the DS group were significantly older,
had higher rates of hypertension and dialysis, and higher BMI
and Japan SCORE than those in the non-DS group. Patients
in the DS group also had a lower eGFR and preoperative BI
than those in the non-DS group. Furthermore, patients in the
DS group had significantly higher mechanical ventilation time,
length of ICU stay, and postoperative pulmonary complica-
tion rates. The postoperative progression of rehabilitation was
longer in the DS group than in the non-DS group (Table 2).
Table 3 shows the results of the univariate and multivariate
logistic regression analyses for the risk factors of postoperative
pulmonary complications. Multicollinearity was not observed
in this analysis because the correlation coefficients of all the
variables were < 0.6. Logistic regression analysis adjusted for
age, eGFR, Japan SCORE, operation time, and cardiopul-
monary bypass time revealed that DS was a determinant of

postoperative pulmonary complication occurrence (odds ratio
4.26,95% CI 1.63—11.14, P<0.01).

Discussion

In the present study, we have clarified the relationship
between preoperative DS, the main symptom of dynap-
enia, and postoperative pulmonary complication occur-
rence. To the best of our knowledge, no previous study has
investigated the relationship in patients undergoing cardiac
surgery. Our results suggest that preoperative DS is an
independent risk factor for the development of pulmonary
complications after cardiac surgery.

There are several mechanisms underlying the asso-
ciation between preoperative DS and postoperative pul-
monary complication occurrence in patients undergoing
cardiac surgery. Various factors may be involved, such as
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Table 2 Operative variables and

Variables Overall DS group Non-DS group p value
early outcomes
(n=125) (n=42) (n=83)
Type of operation (1, %)
Isolated CABG 56 (45) 19 (45) 37 (45) 0.631
Isolated valve replacement or valvuloplasty 53 (42) 16 (38) 36 (44) 0.631
Complex surgery 16 (13) 7(17) 9(11) 0.631
Operation time (min) 398.5+95.4 382.2+100.4 403.8+93.8 0.705
Cardiopulmonary bypass time (min) 188.6+86.4 175.8+104.8 192.8+79.9 0.472
Mechanical ventilation time (/) 289+32.3 38.3+33.7 25.8+31.5 <0.01
Postoperative complication (1, %)
Pulmonary 46 (37) 26 (62) 20 (24) <0.01
Cardiovascular 29 (23) 19 (45) 10 (12) <0.01
Infections 20 (16) 14 (33) 6 (7) <0.01
Delirium 24 (19) 20 (48) 44 <0.01
Length of ICU stay (days) 3.6+19 39+1.6 3.6+2.1 <0.01
Ist day of sitting on the edge of the bed (days)  3.8+1.9 44+1.7 37+19 <0.05
Ist day of standing (days) 42+138 46+1.7 42+19 0.114
Ist day of walking (days) 53+23 5.8+2.4 52+24 <0.01

CABG coronary artery bypass graft, DS decline in skeletal muscle strength, /CU intensive care unit, non-
DS non-decline in skeletal muscle strength

Table 3 Logistic regression

” - Variable Univariate model Multivariate model *

analysis of postoperative

pulmonary complications OR (95% CI) pvalue  OR (95% CI) p value
Age 1.04 (1.00—1.08) 0.047 1.02 (0.97—1.08) 0.42
Sex 1.67 (0.77—3.60) 0.194
Smoking® 0.66 (0.38—1.15) 0.146
COPD 1.45 (0.53—-3.99) 0.469
eGFR 0.98 (0.96—0.99) <0.01  0.99 (0.97—-1.01) 0.219
Japan SCORE (operative mortality) 1.22 (1.09—1.37) <0.01 1.29 (0.99—1.68) 0.058
Japan SCORE (major complications) 1.06 (1.02—1.10) <0.01 0.94 (0.85—1.03) 0.167
Operation time 1.01 (1.00—1.01) <0.01 1.01 (1.00—-1.01) 0.051
Cardiopulmonary bypass time 1.00 (1.00—1.01) 0.056  1.00 (0.99—1.08) 0.307
Decline in skeletal muscle strength 5.12 (2.23—11.40) <0.01 4.26 (1.63—11.14) <0.01

CI confidence interval, COPD chronic obstructive pulmonary disease, eGFR estimated glomerular filtra-

tion rate, OR odds ratio

2Adjusted for age, eGFR, operative mortality, major complications, operation time, cardiopulmonar
i) g P Y. Y p P P y

bypass time

mo. in . Tormer or current versus never
®Smoking: f t

the decline in physical function induced by skeletal mus-
cle weakness, comorbidities that are associated with the
development of postoperative pulmonary complications,
and malnutrition. DS is a well-known risk factor for exer-
cise intolerance and decreased physical function. Low
preoperative physical function induced by skeletal muscle
weakness, in turn, is reportedly a risk factor of postopera-
tive pulmonary complications, such as pneumonia and a
delayed withdrawal of mechanical ventilation [17]. Addi-
tionally, patients with cardiovascular disease often present

@ Springer

with preoperative malnutrition, which is associated with
DS and with the development of postoperative compli-
cations [18]. Frailty and sarcopenia, which are the main
symptoms of skeletal muscle weakness, have also been
shown to be associated with postoperative complications
after surgery for other diseases [6, 7, 19].

From the above, it is clearly necessary to stratify
patients with DS before cardiac surgery and establish an
appropriate cardiac rehabilitation program according to
their individual physical function and risk profile, taking
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into consideration the risk of postoperative pulmonary
complications, which may prolong the rehabilitation
period.

In this study, 42 (33.6%) patients had DS before cardiac
surgery. DS is reportedly present in 24.0%-31.3% of com-
munity-dwelling elderly persons [20, 21]. Additionally, in a
study of 4,192 patients with cardiovascular disease, Uchida
et al. found that 33.6% had DS [10]. Patients with cardiovas-
cular disease are more likely to develop DS than community-
dwelling older individuals [22]. These findings are similar to
our results in patients with cardiovascular disease.

In this study, we assessed preoperative DS by evaluating
the grip strength and QIS in patients undergoing cardiac
surgery. These parameters are highly useful in clinical set-
tings because they can be measured easily with relatively
inexpensive equipment. Recently, dynapenia has been recog-
nized as a disease concept that refers to age-related skeletal
muscle weakness. Dynapenia also encompasses sarcopenia.
Both conditions are associated with a decreased quality of
skeletal muscles, decreased physical function, and short-
ened survival rate; moreover, both conditions reportedly
have similar effects on various outcomes [23]. Nevertheless,
dynapenia (with normal skeletal muscle mass and skeletal
muscle strength decline) is more closely related to a decline
in activities of daily living and mortality than sarcopenia
(with loss of skeletal muscle mass and skeletal muscle weak-
ness) [24]. However, patients with cardiovascular diseases
who are prone to fluid retention may be high-risk patients
postoperatively who are difficult to identify based on the
sarcopenia criteria. In our study, patients in the DS group
had a significantly higher BMI and a higher rate of postop-
erative pulmonary complications than those in the non-DS
group. Therefore, it may not be possible to predict the risk
of postoperative pulmonary complications using sarcope-
nia criteria alone. Care should be taken with patients who
demonstrate DS in whom sarcopenia cannot be identified.
In such patients, cardiac rehabilitation should be performed
after predicting postoperative progress and risk.

A preoperative assessment of DS could be used to iden-
tify patients with a high risk of postoperative pulmonary
complications, which is an important factor in prolonged
postoperative rehabilitation. These results suggest the
importance of a preoperative assessment of skeletal muscle
strength in patients with cardiovascular disease scheduled
for cardiac surgery; this assessment may help promote a
comprehensive approach to patients at risk of postoperative
pulmonary complications, indicate the need for preoperative
intervention, and allow for the prediction of postoperative
prognosis.

This study had several limitations. First, this was a retro-
spective study conducted at a single center with a small sam-
ple size, which may not reflect the general population of car-
diovascular surgery patients. The possibility of measurement

bias must also be considered, since the measurer and patient
were not blinded. Second, we excluded 97 patients in whom
preoperative evaluation was difficult, which may have led to
selection bias. However, there was no difference in patient
characteristics between the included and excluded patients;
thus, their exclusion did not have a significant impact on
the results of this study. Third, due to the small sample size,
other confounding factors could not be adjusted because
of the possibility of overfitting. Fourth, compared to the
expected progress described in Japanese guidelines, the
patients in this study exhibited a tendency toward prolonged
rehabilitation [25]. However, our cohort had a particularly
large number of dialysis patients, and high rates of coexist-
ent chronic obstructive pulmonary disease. In addition to
the long operation time at our institution, these factors may
have contributed to the large number of cases in which it
was difficult to operate. Lastly, preoperative skeletal muscle
mass assessment was not performed; hence, patients with
a decline in skeletal muscle strength in the present study
may have had an overlap with sarcopenia. Further studies
considering the abovementioned limitations are needed in
the future. Moreover, it is necessary to create a perioperative
rehabilitation protocol that considers preoperative skeletal
muscle strength, and to evaluate whether the predicted pul-
monary complications can be prevented for perioperative
rehabilitation.

In conclusion, preoperative DS was an independent risk
factor for postoperative pulmonary complications in patients
with cardiovascular disease. Preoperative skeletal muscle
strength may be an important clinical indicator for predicting
the prognosis of patients from post-surgery to discharge and
for planning postoperative rehabilitation programs.
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Characteristics of feasibility study physical therapist

Overall ‘

n 8 V
Age (mean (SD)) 29 (3.12) x

Female (0 FE7 > EAE1Ezoomic & BERIA L 51 L IEEE T £.

Education (%)

3-year vocational school 2 (25)
4-year vocational school 2 (25) > @ﬂﬂ%‘@’lﬁﬁﬁﬂﬁbﬁfﬂﬁﬂ'617ﬂ‘ﬂ“f1’2 EHE L/t:o
College 2(25)
Graduate school 229 > zoomBAS DEEFEE (LINE, EX—N 4 E) #ERAL.
Regular employee (%) 8 (100)

TEFAMNR—ATERFHICEATZI7 KN1R21T2 7,

Working experience as an employee (mean (SD))  6.88 (2.8)

Type of work affiliation
University hospital 8 (100) =
Non university hospital 0 (0)
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Characteristics of feasibility study participants

R

Overall

n 8
Age (mean (SD)) 38.25 (8.36)
Female (%) 7(87.5)
Married(%) 7(87.5)
Education (%)

Junior high school 2(25)

High school 2(25)

Vocational school 2(25)

Junior college 1(12.5)

College 1(12.5)

Graduate school 0(0)
Regular employee (%) 6(75)
Working experience as an employee (mean (SD)) 12.25 (8.94)
Injured body part

Low back 4(50)

Knee 2(25)

Neck 2(50)

Hip 1(12.5)

Ankle 1(12.5)
Experience of work-related accidents or injuries within the prior year 0 (0)
Average hours of overtime per week (mean (SD)) 2.62 (7.03)
ODI (mean (SD)) 15.54 (17.2)

ODI Oswestry Disability Index
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measure pre-intervention post-intervention  Difference (95% CI)  p-value

ODI results in pre and post-intervention

ODI score 15.54 (17.2) 9.18 (10.61)  6.36 (-23.52-10.79)  0.41

ODI Oswestry Disability Index
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ABSTRACT

Introduction According to the 2017 data, occupational
accidents are more common in social welfare facilities
compared with other industries; in particular, the number
of occupational accidents resulting in four or more days
of absence from work due to low back pain (LBP) or falls
has increased and is considered problematic. Although
physical therapy has been demonstrated to be effective
in preventing LBP and falls in older adults living in the
community, no randomised controlled trials have examined
whether individual online physical therapy can prevent LBP
and falls in nursing care workers (NCW).

Methods and analysis A total of 120 NCW aged 20
years or older will be randomly assigned to an online
individualised therapy group (ITG) or usual group (UG)
after obtaining informed consent. We defined an NCW as
a person who assists disabled and elderly persons with
eating, bathing and toileting activities in social welfare
facilities. We will follow-up the participants 12 months
after the start of the intervention and compare the results
at 3, 6 and 12 months. The primary endpoint will be

the Oswestry Disability Index (ODI); ITG participants will
receive professional advice on LBP and musculoskeletal
problems from a physical therapist via online interview
and email as often as they wish over a 6-month period;
UG participants will only have access to brochures and
video feeds related to LBP and fall prevention. Owing

to the nature of the study, blinding the participants and
interventionists is not possible; however, the outcomes
will be assessed via a web-based questionnaire to prevent
detection bias. The null hypothesis is that there is no
clinically important difference in the primary outcome
between the two treatment groups and that a decrease in
the ODI score of at least 20% is clinically meaningful.
Ethics and dissemination The Ethics Committee of the
Japanese Society of Occupational Medicine approved

the protocol of this study. The results of this study will

be disseminated through peer-reviewed journals and
conference presentations.

Trial registration number jRCT1070210128.

INTRODUCTION

Japan’s population is ageing owing to the
decline in the birth rate and increase in
life expectancy; it is estimated that by 2025,

12 Kouhei Funatsu,? Keishi Nawata

2 Satoshi Kuhara,?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Recruitment of the participants from multiple sites.

= Difficulty in introducing researcher bias in the eval-
uation of the outcomes.

= Only cooperative participants will be included, which
reduces generalisability.

= Lack of blinding of the participants and interveners,
which does not exclude the possibility of bias.

those aged 65 and over will account for 30%
of Japan’s total population, and the work-
ing-age population will decrease by 10 million
people by 2040." As of 2016, there will be a
shortage of 0.55million nursing care workers
working (NCW) in social welfare facilities’;
thus, securing the NCW workforce is an
urgent issue.' © Data from 2017 show that
social welfare facilities in Japan have more
occupational accidents than other industries,
and the percentage of occupational acci-
dents requiring four or more days of absence
from work among all industries is increasing
every year. This has become a major problem
resulting in a shortage of human resources
for NCW.” Back injuries and falls are partic-
ularly common in occupational accidents,
accounting for nearly half of the cases and
mostly occurring in social welfare facilities.”
Low back pain (LBP) and falls have gener-
ally been shown to be events that increase
in frequency with age; the same trend has
been observed in the NCWs." Particularly
among workers in their 40s and older, occu-
pational accidents have occurred owing to
the physically burdensome assistance unique
to NCWs and work in areas with poor foot-
holds.* This situation may lead to a decrease
in the workforce of NCWs at social welfare
facilities, which could reduce productivity
and the quality of care, thereby warranting
countermeasures.
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Several studies have reported on the factors associated
with LBP and falls among workers. A study examining
the causes of LBP among NCW in social welfare facili-
ties in Japan found that human lifting movements and
improper posture during bathing were some of the prob-
lems.” Inappropriate posture generally includes excessive
forward bending and twisting movements of the lower
back.® Studies focusing on the factors that cause workers
to fall on the job have found that in addition to being
female and over the age of 45, poor balance and lower
extremity muscle strength are risk factors for falls.”™
The internal factors that contribute to falls and LBP
are familiar territory for physical therapists, and system-
atic reviews of community-dwelling elderly patients have
shown that exercise therapy by physical therapists can
prevent falls and LBP."" "' In recent years, individualised
exercise instruction by physical therapists to workers has
been shown to improve physical function."” however, it
is not clear whether physical therapist interventions for
workers ultimately contribute to work-related outcomes
and work-related injury prevention. Therefore, this
study aimed to examine whether individual instruction
by physical therapists to NCW in social welfare facilities
has an impact on the outcomes related to occupational
accidents.

METHODS AND ANALYSIS

Checklist

The protocol for this study was drafted as per the check-
list from the Standard Protocol Items for Clinical Trials."”

Patient and public involvement
There was no involvement of the general public or
patients in the development of this study.

Study setting

This is a multicentre, randomised, controlled trial
comparing a study group that received only pamphlet
distribution and video delivery on LBP and falls with a
control group that received individualised management
by a physical therapist online. Participating facilities and
candidates were recruited through the website of the
Department of Rehabilitation Medicine and Develop-
ment of Rehabilitation Medicine, School of Occupational
and Environmental Medicine. In addition, flyers were
distributed to social welfare facilities in Kitakyushu City,
Fukuoka Prefecture, through interested parties.

Eligibility criteria

Members of the study group will assess the eligibility of
the institutions and candidates (20 years of age or older)
for participation in the study. Eligibility and exclusion
criteria are presented in box 1. Eligibility for participation
in the study is defined as NCW working in a social welfare
facility and who provide assistance with eating, bathing
and toileting activities for disabled and elderly persons.
All the participants who meet the eligibility criteria would

Box 1 Inclusion and exclusion criteria used in the

randomised controlled trial

Inclusion criteria

1. Age: 20 years and older, but less than 60 years of age at the start
of the study.

2. Sex:Any sex possible.

Exclusion criteria

1. Persons with severe visual impairment (disability levels 1-6) or
hearing impairment (grade 2—6 disability level, *those with a normal
hearing level on one side are included in this category).

2. Those who have a history of spinal disease (surgery).

3. Those who have already received rehabilitation treatment and guid-
ance by physical therapists, etc.

4. Those who wish to retire within 1year at the start of the study, or
those who are likely to retire during the intervention period or are
likely to reach.

5. Those who have been advised against participating in the study by
their physicians due to medical reasons.

6. Those who did not provide consent to participate in the study.

Discontinuation criteria

1. Criteria for discontinuation: Those who wish to discontinue partici-
pation in the study and request to opt out.

2. Those who have health reasons that make it difficult to participate
in the LBP and fall prevention Programme

LBP, low back pain.

be provided with detailed information regarding the
study, and consent will be obtained via a signed informed
consent form.

Interventions

Individual therapy groups (ITG): Online training by
physical therapists on LBP and fall prevention would be
provided on the study start date. Training sessions will be
prerecorded and distributed to participants via chat or
email on the study start date, 3 months and 6 months, and
viewing completion will be verified by the facility manager.
The training session will last approximately 1hour and
will be related to the prevention of physical fitness, falls,
LBP, lifestyle-related diseases and depression. After the
course, pamphlets on falls and LBP prevention would be
distributed. The content of the pamphlet consists mainly
of the muscle strengthening and stretching exercises for
the trunk and lower extremities. Based on the results of
the baseline (T1) assessment, the physical therapist will
provide individualised online instruction according to
the exercise guidelines. During the intervention period,
the participant will be required to perform the exercises
and stretches following the instructions of an online phys-
ical therapist at least once a week. The type and frequency
of exercises and stretches will be tailored to each partic-
ipant owing to the highly individualised nature of the
programme. Participants will have unrestricted access
to their assigned physical therapist via online meetings,
video streaming or chat and email for 6 months after
attending the online seminar.

2
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Usual group (UG): An online seminar on LBP and fall
prevention will be provided by a physical therapist. The
delivery method and content will be the same as for the
ITG. The pamphlet distributed after the workshop will
also be the same as the one distributed at the ITG. A phys-
ical therapist not involved in the study would select 3-5
exercises and stretches related to LBP and fall preven-
tion once a week and simultaneously allocate them to
the participants via chat and email. This process would
continue for up to 6 months after attending the online
seminar; however, the participants would not receive
advice from the physical therapist.

Outcomes

We chose patient subjectreported outcomes other than
absenteeism because we believe that there would be no
assessment bias by the physical therapy interventionists
and that appropriate effectiveness determinations can
be assessed in a short period of time and with a realistic
sample size. The effectiveness of the interventions will be
assessed at 3, 6 and 12 months. Absenteeism will be eval-
uated at similar time points and reported by the facility
administrator or the individual, along with a physician’s
diagnosis.

Baseline data

After registration of the study participants, data such as
sex, educational background, employment status, work
experience as an employee, type of facility, overtime
hours per week, workplace accidentrelated injury or
experience in the previous year, and site of injury will be
collected through questionnaires.

Primary outcome

The primary outcome measure of this study is the
Oswestry Disability Index (ODI). The primary time point
is at 6 months.

Oswestry Disability Index

The ODI is used to measure the outcomes of occupation-
related disabilities. The Japanese version of ODI has been
validated and is the most widely used LBP assessment
method in the world. It is characterised by the inclusion
of items related to social life."* ' Primary outcomes will
be assessed at baseline (T1), 3 months postintervention
(T2), 6 months postintervention (T3) and l-year postin-
tervention (T4).

Secondary outcome

Secondary outcomes are measured by the participants
self-administered subjective ratings and self-reports.
The list of measures of secondary outcomes is shown in
box 2. Participants will be asked to fill out questionnaires
concerning the fear of falling and decreased productivity.
They will also be asked to self-report the number of days
of absence from work due to LBP and falls, along with a
physician’s note. These assessments will be tabulated at
each follow-up visit.

Box2 Outcome measures

9 [euonednodQ Jo AYsIeAIuN 18 €202 ‘G Atenige4 uo /wod (wg uadofd//:dpy woly papeojumoq "ZZ0z J8dolo0 LE Uo $08190-zz0z-uadolwa/geL L0l se paysiignd jsiy :uado ring

Measurements are recorded at 3, 6 and 12 months

Primary outcome measure
1. ODI* at 6 months.

Secondary outcome measures
1. FES-1.*

2. HPQ.*

3. Absenteeism.

*See text definition
FES-I, International Falls Evaluation Scale; HPQ; WHO Health and Work
Performance Questionnaire; ODI, Oswestry Disability Index.

International Falls Evaluation Scale

The International Falls Evaluation Scale (FES-I) will
be used as an outcome measure for occupation-related
disability, and a Japanese version of the FES-I has been
developed to verify its reliability and validity.'® The ques-
tionnaire consists of two items: fear of falling and falls
self-efficacy. Those who have a fear of falling tend to be
more eligible for hospitalisation attributed to falls than
those who are not, which is consistent with the purpose
of this study."”

WHO Health and Work Performance Questionnaire

The WHO Health and Work Performance Questionnaire
(HPQ) will be used to investigate the impact of the inter-
vention on the presenteeism of the workers; the reliability
and validity of the Japanese version of the HPQ have been
validated."® "

Absenteeism

In this study, absenteeism due to falls was defined as the
frequency of absenteeism of 4 or more days attributed to
falls. In addition, absenteeism due to LBP was defined as
absenteeism of 4 or more days attributed to LBP. In addi-
tion, the frequency of occurrence and the total number
of 4 or more days will be recorded as occupation-related
injuries, including falls and LBP, and will be monitored
during the follow-up period from the start point of the
intervention.*

Participant timeline

The timelines for enrolment, assessment and interven-
tion of this study are shown in table 1. A flow diagram of
the study is shown in figure 1.

Sample size

The sample size was calculated using G*Power V.3.1.
In this study, the primary endpoint was the ODI after 6
months of intervention, with alpha and beta levels set
at 0.05 and 0.2, respectively. Based on previous studies
examining the effects of individual physical therapy on
workers in manufacturing industries,'” the effect size of
individual physical therapy on physical function was esti-
mated to be approximately 0.5. ODI has been found to
be associated with items included in the Short Physical
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Table 1 Schedule of the enrolment, interventions and assessments

Study period
Enrolment Allocation Postallocation
Time point 3 months 6 months 12 months
Enrolment:
Eligibility screen X
Informed consent X
Allocation X
Interventions:
(Individual therapy group) * *
(Usual group) * * *
Assessments:
Baseline data X
ODlI, FES-I, HPQ X X X X
Absenteeism X X X

*See text definition of absenteeism in this trial.

Performance Battery (SPPB).20 The SPPB was validated Boston, Massachusetts and Washington, D.C, USA.
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feasible assessment of physical function of workers in the
manufacturing industry.12 *I We determined that the ODI
could indirectly reflect the physical function of the partic-
ipants because the SPPB has been shown to be a valid
assessment battery that characterises physical function,
primarily muscle strength, balance function and walking
ability.21 Although a drop-out rate of 20% is often esti-
mated over the course of a study, it was expected that the
participants in this study would be easier to track than in
studies involving outpatients since they were healthcare
workers. Therefore, we estimated a dropout rate of 10%
and set the number of study participants required for this
study as 60 in each group.

Allocation

Sequence generation and concealment

After the baseline measurements were completed, a third
party not involved in the study would assign the partic-
ipants to either ITG or UG using a computer random
number function in R.

Stratification

Participants randomised to the ITG or UG would be
stratified by sex, and subsequent subgroup analyses will
examine the effect sizes by sex. Several reports have
revealed a higher prevalence and severity of LBP and
poorer postoperative outcomes in women compared
with men,”*® The difference in the distribution of
the number of women in each group could render the
primary outcome, the ODI score, more severe.

Implementation of randomisation

The order of allocation would be decided by a physical
therapist affiliated with the University of Occupational
and Environmental Health (UOEH), who will not be
involved in the study. After obtaining informed consent
from the participants, the physical therapist will distribute
individual interventions or pamphlets according to the
treatment allocation.

Blinding

The evaluation in this survey will be performed through
a questionnaire. The participants can freely choose
whether to respond on paper or via the digital question-
naire. The number of incidences of LBP and falls, as well
as the number of workdays lost due to LBP and falls, will
be reported by the participants and their facility admin-
istrators. Owing to the nature of the study, blinding of
the participants to the physical therapist conducting the
intervention is challenging. Therefore, there is a poten-
tial for bias in the projected effects of this research. We
will mention them as research limitations when discussing
this study’s findings.

Data collection methods

The questionnaires used in this study, from the baseline
assessment to lyear after participation in the study, can
be completed by the participants either on paper or via
a Google form. Participants who have not responded for

more than 1week will be listed, contacted, and encour-
aged to respond. The number of occurrences of LBP and
falls and the number of days of absence related to LBP
and falls will be self-reported by the study participants
and evaluated by facility administrators, while the absence
rates will be tabulated as outcomes.

Participant retention

Participants may contact the principal investigator directly
or through the facility administrator at any time during the
study period if they have any questions or concerns about
the study, thereby preventing participants from dropping
out due to dissatisfaction with the study content. Contact
information for the principal investigator is provided in
the study description. To ensure compliance of the partic-
ipants assigned to each group with the study protocol, the
ITG will receive at least one follow-up email per week
from the assigned physical therapist throughout the
study period, documenting the frequency and duration
of interventions and exercise instruction as they occur.

Data management

Data will be entered and coded in duplicate by two third
parties who will not be involved in the study to prevent
erroneous data entry. The completed database will be
stored at the Department of Rehabilitation Medicine,
University of Occupational and Environmental Health.

Statistical methods

Strict randomisation is used to address differences in the
number of confounders randomly assigned to the two
groups, but covariate adjustments are made as appro-
priate depending on the distribution of confounders.
Regarding confounding factors, a study of healthcare
workers, primarily nurses, found that the OR of devel-
oping LBP increased by 1.06 for every l-year increase in
age. Previous studies have also found that being female
increases the risk of developing LBP by 1.79 ORs. Based
on previous studies and discussions with researchers, we
decided to consider age and sex as confounding factors,
considering that these two variables ensure conve-
nient information collection and are likely to influence
outcomes.”” ™ Other confounders, such as high body
mass index,”® premenstrual tension,” number of manual
patient lifts per day, and low job satisfaction,” were consid-
ered in previous studies to be associated with LBP and
were therefore treated as potential confounders in this
study. Furthermore, if the distribution of baseline data
other than age and sex is not equal, it is up to the experts,
including the coauthors, to decide whether to treat them
as confounders. Statistical significance will not be used to
determine confounding factors, and experts will discuss
only the presence or absence of significance based on the
descriptive distribution of the data. If confounders were
found after assignment, analyses would be conducted in
models with and without adjustment for confounders as
covariates. Intervention effects would also be presented
separately for each model. For the primary endpoint,
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two-way analysis of variance will be used to compare the
groups at 6 months postintervention. Intention-to-treat
and per-protocol analyses will be used for group differ-
ences. If there is a significant difference in the primary
endpoint at 6 months postintervention, the primary
and secondary endpoints will be compared at 3 months,
6 months, and l-year postintervention. In addition, a
subgroup analysis will be performed between males and
females to identify the differences in the magnitude
of the treatment effect by sex. Any missing values for
follow-up results during the study period will be supple-
mented by multiple assignment. Owing to the difficulty in
strictly controlling the intervention time for participants
assigned to the ITG group and the video viewing time
in the UG group in this study, we did not consider the
differences in the amount of individual intervention in
our analysis.

Data monitoring and auditions
This is not applicable to the study since it is not an inva-
sive intervention study.

Harm

Muscle pain is expected after performing the LBP and
fall prevention exercises that are included in the course
content. However, these risks are clearly outweighed by
their benefits.

ETHICS AND DISSEMINATION

Research ethics approval

Approval was obtained from the Research Ethics
Committee of the University of Occupational and Envi-
ronmental Health. (Approved on 25 November 2021,
reception number R3-058). Subsequently, the enrolment
in the clinical trial was completed. https://jrct.niph.go.
jp/search (jJRCT1070210128).

Protocol amendments

After approval by the Ethics Committee, the progress
and results of the research at the end of each year will be
reported to the University Ethics Committee. If during
the research, the expected risk is judged higher than the
expected benefit, or in case sufficient results cannot be
obtained, the research will be terminated, and if suffi-
cient results are obtained, the research will be terminated
even during the research period.

Consent or assent

The significance, purpose and methods of this study,
as well as the possible disadvantages and risks that the
participants may face would be explained verbally and
in writing, and the participants will be asked to sign
a consent form. The contents of the consent form, as
well as the study protocol, are published in the Japan
registry of clinical trials (https://jrct.niph.go.jp/search
(jJRCT1070210128)) (online supplemental file 1).

Confidentiality

No biological samples will be collected in this study;
however, the data obtained will be kept in a locked vault
in the Department of Rehabilitation Medicine under
the supervision of the principal investigator. The data
obtained in this study will be stored for 5 years after
the completion of the study or 3 years from the date of
reporting the study results, whichever is later, and then all
the data will be disposed after confirming anonymisation.

Data sharing

Deidentified individual participant data collected in this
study that support the study results will be shared. These
data will also be available for up to 3years after publi-
cation. Access to the data will be granted only to those
who intend to conduct research that also addresses topics
related to this study. In addition, a predesigned research
plan must be presented, and analysis to achieve the objec-
tives of the application approved as a research plan by the
ethics committee will be permitted. For data access appli-
cations, permission to use the data must be requested
from reha@mbox.med.uoeh-u.ac.jp. The applicant must
execute a data access agreement. Information on submit-
ting an application and data access can be obtained by
visiting the following site and following the contact link.
(https://www.uoeh-u.ac.jp/kouza/rihabiri/homepage/
contact.html)

Ancillary and post-trial care

Emergency contact information for this research will be
made available to the participants so that they can ask
questions at any time during and after the research, and
the principal investigators and research staft will have a
system in place to respond appropriately.

Dissemination policy

We will disseminate our findings through publication in a
peerreviewed journal and conference presentation, and
our study will support the development of international
clinical practice guidelines.
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