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The History of Juntendo Medical Journal

This Juntendo Medical Journal has been published under the Japanese name Juntendo Igaku (NEREEEZ) from
1964 to 2012. However, the origin of Juntendo Medical Journal dates back to the oldest medical journal in Japan,
Juntendo Iji Zasshi (AR # 83 4E5E), which had been published between 1875 and 1877 (total of & issues). Between
1885 and 1886, Juntendo issued a limited release of a research journal titled Houkoku [Juntendo Iji Kenkyukai] (i)
for a total of 39 issues.

In 1887, Juntendo Iji Kenkyukai Houkoku (NERHEEFHNTZE &) was published with the government’s approval
and we used to regard this as the first issue of Juntendo Medical Journal. Since then, Juntendo Medical Journal has
undergone a series of name changes: Juntendo Iji Kenkyukai Zasshi ER 5B IERMER), Juntendo Igaku Zasshi
(ER B REMERE) , and Juntendo Igaku (NEREF[RES).

Now in commemoration of the 175" anniversary of Juntendo University, starting with the first volume issued in
2013 (Volume 59 Number 1), we return to Juntendo Medical Journal's original Japanese title in 1875-Juntendo Iji
Zasshi (AR w8 HM:EE) . We also reconsidered the numbering of the journal and set the first issue in 1875 as the
initial publication of Juntendo Medical Journal. The Volume-Number counting system and the English name Juntendo
Medical Journal started in 1955 from the January 10 issue. Although this is not our intension, we will retain the
Volume-Number counting system to avoid confusion. However, Volume 59 Number 1 will be the 882" issue,
reflecting the sum of all issues to date: 8 issues of Juntendo Iji Zasshi (NEK 4 B&ZHMEEX), 39 issues of Houkoku
Juntendo Iji Kenkyukai] (Bt5:) (47 issues combined), and 834 issues from Juntendo Iji Kenkyukai Houkoku (AR 4
BEHIFE & i) in 1887 to the present.

Hidl : /NIF5E (OGAWA Hideoki, M.D, Ph.D.) : JIER %2 3i45% (Juntendo Medical Journal) 2013 ;5 59 : 6-10.
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Home Based Exercise Rehabilitation Programs to Prevent Physical Frailty and

Hospitalization-Associated Disability

TETSUYA TAKAHASHI*?, TOMOYUKI MORISAWAL? MASAKAZU SAITOH!?,
KOTARO IWATSUY, TosHIYUKI FUJIWARA!, HIROYUKI DAIDA?

DDepartment of Physical Therapy, Faculty of Health Science. Juntendo University, Tokyo, Japan

2)Department of Physical Therapy, Juntendo University Graduate School of Health Science, Tokyo, Japan
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Daily health management and exercise are important for staying healthy and avoiding the need for long-term care. However,

it is not easy to maintain regular exercise. Therefore, exercise needs to be done efficiently. In recent years, due to the aging

population and increasing severity of illness, older patients often experience a significant decline in physical function, even with

minimal rest, which often interferes with their daily life after discharge from the hospital. Frailty not only affects ADLs, but also

strongly influences prognosis, including the development of atherosclerotic disease and rehospitalization. This perspective is a

summary of the 51st Metropolitan Public Lecture held on June 17, 2023, and discusses exercise-based rehabilitation programs

that can be delivered at home to prevent physical frailty and avoid hospitalization-related disability.

Key words: home exercise, prevention, physical frailty, hospitalization—-associated disability

Introduction

Without going back to Marcus Tullius Cicero’s
(BC106~BC43) “Essay on Old Age”, it is obvious
that moderate exercise is essential for the preven-
tion of age-related muscle wasting and weakness.
In 1990, when the author had just become a phys-
ical therapist, the New England Journal of Medi-
cine published a paper entitled “Exercise training
and nutritional supplementation for physical frailty
in very elderly people?”, which was deeply etched
in my inexperienced mind. The content of the study
was that resistance training (80% of maximum
repetitions per session) targeting muscles important
for activities of daily living (ADL) was performed

three times a week for 10 weeks on older residents
of a nursing home with an average age of 87.1
years, resulting in an increase in muscle strength
of 113 +8% and an increase in walking speed of
11.8 = 3.8%. I remember being surprised to learn
that muscle mass could be increased by resistance
training even in the older population. In addition, it
has been reported that resistance training causes a
shift from type IIb fibers to type Ila fibers in the
older population, along with an increase in muscle
strength and muscle mass?, and the fact that the
muscle adaptation of the older populations by resis-
tance training is similar to that of younger people
has even become a cornerstone of the author’s
thinking when conducting physical therapy.
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Since Rosenberg® defined sarcopenia in 1989,
frailty and sarcopenia associated with loss (wasting)
and reduction of skeletal muscle have been of great
interest in rehabilitation medicine, coupled with an
aging patient population. In addition to sarcopenia,
“dynapenia”, derived from the Greek words dyna
(strength) and penia (decrease), has recently gained
attention?. Sarcopenia is diagnosed by age-related
muscle loss, muscle weakness, and decreased
walking speed, but muscle strength is not originally
a function dependent solely on muscle mass (muscle
wasting). In addition to muscle cross-sectional
area (muscle mass), muscle strength is affected by
an increase in the type and total number of motor
units mobilized (recruitment), an increase in the
frequency of alpha motor nerve firing (rate coding),
and the involvement of the nervous system in the
regulation of motor unit activity phases (synchro-
nization). Dynapenia is described as “the age-re-
lated loss of muscle strength and power”, but since
muscle strength and muscle power (strength x
speed) are different to begin with, further research
is expected in the future.

Originally, in the field of rehabilitation medicine,
in addition to comprehensive assessment of phys-
ical function, it is necessary to explore possible
life-related problems through comprehensive geri-
atric assessment by a multidisciplinary team for
life functions and activities, and develop a personal-
ized rehabilitation program that integrates the
environment.

Preventing frailty at home

Frailty is a comprehensive health concept that
includes not only the decline in physical and mental
function associated with aging, but also cognitive
decline, depression, loneliness, and poor nutrition.
Among them, physical frailty is the most common
and has a significant impact on healthy life expec-
tancy?.

To understand “physical frailty”, Fried's diagram
of the frailty cycle is very helpful®. First, “loss of
independence” means “need for long-term care”.
To avoid the state of needing long-term care, we
must prevent the upstream disability. Disability is
related to abilities such as “walking speed (ability
to walk fast)”, “muscle strength and power”, and
“VO2max (endurance)”. To maintain this “ability
to walk fast,” “muscle strength,” and “endurance,”

training that focuses on ankle and hip flexibility
(stretching), especially leg strength (muscle
training), and endurance (aerobic exercise) is
necessary.

In addition, changes in physical condition due to
aging, various diseases, and loss of appetite can
cause loss of muscle mass, or “weight loss”. One of
the causes of this loss of muscle mass is “decreased
physical activity”. Furthermore, “decreased phys-
ical activity” is affected by “decreased walking
speed” and as mentioned above, “decreased walking
speed” is affected by muscle strength and endur-
ance. So these are interrelated in a cycle, and the
vicious cycle needs to be broken somewhere. To
achieve this, 1) muscle training and 2) aerobic
exercise are necessary.

Muscle training to increase muscle strength

Muscle strength is essential for human daily
physical activities. By increasing muscle strength,
people can perform a single movement with less
effort. So-called “muscle training” is important for
increasing muscle strength. Professionally, it is
sometimes referred to as “resistance training”®.

Resistance training uses resistance and load on
the muscles through the use of weight machines,
rubber tubing, or own body weight to increase
muscle size, activate nerves that facilitate muscle
strength, and improve overall muscle function.

To perform muscle training safely and effec-
tively, it is important to follow the rules®.

1) Muscle training precautions

The following precautions should also be taken®.

* Perform preparatory exercises and avoid over-
exertion from the start.

* Exercise large muscles first.

* Do not fully extend elbows and knees.

* Exercise with proper form and be aware of the
muscles.

* Hold the grip lightly as it may cause an exces-
sive increase in blood pressure.

* Do not hold breath.

e Exhale when lifting the weight and inhale
lowering the weight.

e Lift and lower the weight slowly for about 4
seconds.

* Rest between exercises.

* Stop exercising immediately if experience dizzi-
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ness, irregular pulse, unusual shortness of
breath, or angina-like discomfort.

2) Intensity and amount of muscle training
(Number of repetitions x sets x frequency)®
To strengthen muscles, it is necessary to place a

load on the muscles that is greater than the muscle

strength used in everyday life. To set the specific
load, find the weight that can be lifted only once

(called 1 repetition maximum: 1RM) and calculate

and set the load to 30-40% for the upper body and

50-60% for the lower body.

In practice, however, it is often difficult to measure
the exact 1RM, so a method is used in which an
approximate load is determined and the load is
gradually increased while checking to see if 10
repetitions can be performed. This is called the
titration method.

It is best to use a load that feels “a little hard”
after 10 repetitions. On the other hand, if it doesn’t
feel “a little hard,” it won't be very effective.

Repeat the same type of exercise for two or
three sets. If you start to feel lighter, you can grad-
ually increase the weight. It is said that 2-3 days a

Squat (leg workout)

Starting Position

* Legs width wider than
shoulder width

* Toes open about 30°
degrees

» Hands on hips
* Face forward

. 1 cm,sec-

| _

Knees not fully extended

\JUUU

Keep ’_your head still agd slowly sit dorv_vn

week is quite effective.

3) Specific methods

This section describes the most important lower
body exercise (squatting) that can be done at
home. Do it without jumping and without stopping
to breathe. As lowering the hips, it is best to
consciously exhale (Figure 1).

Aerobic exercise to improve endurance”

Endurance is “the ability to move the body for an
extended period of time. An energy source is needed
to move muscles. Oxygen and nutrients are needed
to produce this energy in the body. The more
oxygen the body can take in, the more energy it
can sustainably produce for muscle contraction. In
other words, it is important for the body to be able
to take in a lot of oxygen in order to move for a
long period of time. Therefore, to use a more tech-
nical term, “endurance” can be defined as “the ability
of the body to take in oxygen through exercise”.

Aerobic exercise is exercise that can be performed
continuously for long periods of time, such as walking
or cycling. Because individual has a different level

Don't bend forward too much
Do not look down

2 sets of 10 times

Knees do not go inward

N\ HON 6N N
— T —

‘ [ El

1 cms'sec

Do not sit down!

Figure 1 How to perform appropriate squatting exercise
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of fitness, it is important to determine the frequency,
intensity, duration, and type of exercise according
to the individual's fitness level. People with a
pre-existing heart condition or those who have
been hospitalized for a medical condition should
consult their physician before exercising.

When walking as an aerobic exercise to improve
endurance, take a slightly larger stride and walk to
maintain an effective walking posture and walking
speed (Figure 2).

Frequency (F), intensity (I), duration (T) and
type of exercise (T) are referred to by the acronym
“FITT".

Four key points of aerobic exercise”

* Frequency: 3 to 5 times a week. If possible, do
it every day.

e Intensity: The intensity should be easy to
moderately strenuous, and should be able to
exercise while talking.

e Time: 20 to 30 minutes. If it is difficult to exer-
cise continuously, it is said that the effect is the
same if the exercise is divided into several
sessions so that the amount of exercise per
day is 20 to 30 minutes.

* Type: Walking, cycling, aerobic exercise, etc.
are suitable.

Muscle training for older patients with frailty

In Japan, there has been a trend toward short-
ening the length of stay in acute care hospitals. In
recent years, due to the aging of the target patient
population and the increasing severity of illness,

frail and older patients often experience a marked
decline in physical function even with short time
bed rest, which often interferes with their daily
lives after discharge from the hospital. Frailty and
physical functional decline not only affects ADLs,
but also strongly influences prognosis, including
the development of atherosclerotic disease and
rehospitalization.

More recently, due to the aging of patients, there
Is a significant number of patients whose exercise
function cannot be fully restored within a short
hospital stay and who are unable to return to their
pre-hospital exercise function®. These patients
have become known as “Hospitalization-Associated
Disability” or “Hospitalization-Acquired Disability”
(HAD)?. To ensure a more efficient recovery with
a shorter hospital stay, optimal exercise programs
need to be further investigated.

The usual rehabilitation program is a step-by-
step program that gradually increases gravity loads
and movement, such as lifting, sitting, standing, and
walking, after absolute rest is lifted, but in older
patients with frailty, in addition to increasing walking
distance, a rehabilitation program to improve ADL
functions, such as the ability to stand up safely and
stand stably with good balance. Knee extension
exercises are often performed with the patient in a
bed-sitting position to strengthen lower extremity
muscles. However, it is easier to achieve the speci-
ficity of the desired training effect by repeating
ADL activities such as standing and sitting than by
simply repeating knee extension.

The Japanese Geriatrics Society defined frailty in

How to keep walking speed

Extend the front of the hip joint

Show the soles of your feet to
the person in front of you

o
Touch the ground with your heel

Walk with large steps

Stretch the Achilles tendon

LN
Kick off the ground with your toes

Figure 2 How to keep walking speed
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Table 1 Short Physical Performance Battery (SPPB) and Juntendo original scale

Balance Ambulation

PPB BASE
> 5 (10-s balance tests)

Sit-ups Endurance

(a timed 5 times-repeated (maximum walking

(a timed 4-m walk)

chair sit-to-stand test) distance)
A 5 One leg 10s Less than 4s <92s 340 m (6 min)
4 Full-tandem 10s Less than 4.82s <1119s 180 m
3 3 Full-tandem 3 ~ 9.99s 4.82 < 6.20s 112 <1369 s 80-179 m
2 2 Semi-tandem 10s 6.21 < 870s 137 £16.69 s 40 m
1 1 Side-by-side, 10s More than 8.70s >16.70 s 15 m
08 Side-by-side, 4m with light > 60 s or stand up Am
’ 3 ~999s assistance 2-5 times
06 B.road base 10s 4m Wlﬂ_l moderate Stand up once without Wheelchair 30 min
(without support) assistance support
0 04 Al?le to stand 4m w%th heavy Stand up with Wheelchair 10 min
with support assistance arm support
Able to stand with 2.3 steps with heavy . . Able to sit on the edge
0.2 . R Stand up with assistance
assistance assistance of bed
0 Unable to stand Unable to walk Unable to stand up Bed rest

SPPB 0-6: low function, 7-9: moderate function, 10-12: high function.

2014 as follows!?: Frailty is a state of increased
vulnerability to stress due to a decline in physiolog-
ical reserve capacity in old age, which may lead to
lifestyle dysfunction, need for care, and death. The
concept includes not only physical problems such
as loss of mobility due to muscle weakness and
increased susceptibility to falls, but also mental and
psychological problems such as cognitive dysfunc-
tion and depression, and social problems such as
living alone and economic deprivation.

Focusing on physical frailty, the following three
points are important for an exercise program for
older patients with frailty.

* Overcoming muscle weakness

* Preventing loss of mobility

e Preventing falls

Currently, the Short Physical Performance Battery
(SPPB) 'V is widely used worldwide in the assess-
ment of physical frailty, and each domain of the
SPPB has three components: standing balance,
walking speed, and leg strength (power). These
three components of the SPPB are precisely what
characterize the assessment of physical frailty.
Therefore, at Juntendo University Hospital, these
three SPPB components plus the walking distance
(endurance) component are evaluated regularly on
a daily basis to standardize the training menu
(Table 1) 2. For example, if the patient can perform

semi-tandem standing for 10 seconds in the balance
test, but tandem standing is difficult, the 4-meter
walking time is slow at 9.2 seconds, and the patient
cannot stand without upper limb support (can
stand using a handrail) in the standing test. The
patient can walk 30 meters down a corridor in the
ward. In such a case, the performance level of
muscle strength, balance, movement and endur-
ance is as shown in Table 1, and it will be easy to
see where the patient’s physical function is most
impaired.

By visually presenting the results of such an
assessment, patients themselves can easily under-
stand the decline in their abilities, leading to adher-
ence to exercise therapy. With the current trend to
reduce the length of stay in acute care hospitals,
this system will be used as a standard HAD preven-
tion training program to be implemented immedi-
ately after hospitalization with a view to discharge.
Then, at the time of discharge, physical therapists
provide discharge guidance with awareness of
these four components to prevent progression of
frailty (Figure 3).

The five-chair rise test is important for over-
coming the dynapenia described at the beginning
of this article and is one of the exercises that should
be consciously performed in addition to regular
muscle training, especially in patients with frailty.
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Figure 3 Home exercise program for frailty prevention

Tele—cardiac rehabilitation

Currently, access to medical facilities for the
older people is a problem due to geographical and
time constraints, economic issues, lack of caregivers
and carers, and uneven distribution of medical
resources. In addition, many people are reluctant to
go out due to recent new coronavirus infections,
and the problem of difficulties in visiting hospitals
is a major issue for all generations!®. These difficul-
ties are not limited to general outpatient visits, but
also extend to rehabilitation for the recovery of
functional disabilities caused by various diseases,
traumas, and pathological conditions'®.

In Japan, “tele-cardiac rehabilitation” conjures up
images of so—called “real-time online exercise” using
the Internet, but in reality, “tele-cardiac rehabilita-
tion” devices and systems are used in a variety of

ways, and there is no clear definition. In general,
“telemedicine” is based on an infrastructure using
computer and communication technology, but by
distinguishing between “asynchronous (store-and-
forward, asynchronous)” and “synchronous (real-
time, synchronous)” telerehabilitation'®.

In Japan, the synchronous model is interpreted
as a model that provides comprehensive exercise
program, patient education, and psychological
support similar to those provided in outpatient
program, while monitoring real-time biometric data
such as electrocardiogram and blood pressure, in
addition to video communication over the Internet'®'?.
Tele-cardiac rehabilitation does not require an
exercise bike for exercise. Many older patients
require more basic exercise than cycling on an
exercise bike. Especially in the immediate post-dis-
charge period after cardiac surgery, patients are
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often forced to rest longer than necessary or leave
the hospital without a better understanding of their
disease or current condition during their short
hospital stay. For such patients, we use home-hos-
pital videoconferencing to monitor their physical
condition, subjective symptoms, daily blood pres-
sure, steps, weight change, facial expression, lower
extremity edema, and median incision site while
monitoring their ECG, blood pressure, and oxygen
saturation in real time. In addition to thorough
pre-orientation, limiting the tablet’s functions, mini-
mizing the use of apps, and keeping the procedure
simple, even elderly patients are able to complete
the procedure without major operational problems.

Conclusion

This perspective paper has described the impor-
tance of preventing physical frailty and specific
approaches, particularly exercise-based rehabilita-
tion programs, that can be implemented to mini-
mize hospitalization-related disability in frail older
patients, as well as the current state of telerehabil-
itation.

Acknowledgments

Not applicable.

Funding

This work was supported by JSPS KAKENHI
Grant Number JP20H04055.

Author contributions

TT gave alecture at the 51st Metropolitan Public
Lecture, which was summarized in the manuscript.
MT, SM, and IK collected relevant information and
provided relevant content advice on the manu-
script; FT and DH provided clinical and research
advice on the manuscript. All authors read and
approved the final version of the manuscript.

Conflicts of interest statement

The authors declare that they have no competing
interests related to this manuscript.

References

1) Fiatarone MA, O'Neill EF, Ryan ND, et al: Exercise
training and nutritional supplementation for physical
frailty in very elderly people. N Engl ] Med, 1994; 330:
1769-1775.

2) Hikida RS, Staron RS, Hagerman FC, et al: Effects of

high-intensity resistance training on untrained older
men. II. Muscle fiber characteristics and nucleo-cyto-
plasmic relationships. ] Gerontol A Biol Sci Med Sci,
2000; 55: B347-354.

3) Rosenberg IH: Summary comments. Am ] Clin Nutr,
1989; 50: 1231-1233.

4) Clark BC, Manini TM: Sarcopenia # dynapenia. J
Gerontol A Biol Sci Med Sci, 2008; 63: 829-834.

5) Fried LP, Tangen CM, Walston J, et al: Cardiovascular
Health Study Collaborative Research Group. Frailty in
older adults: evidence for a phenotype. ] Gerontol A
Biol Sci Med Sci, 2001; 56: M146-156.

6) Williams MA, Haskell WL, Ades PA, et al- Resistance
exercise in individuals with and without cardiovas-
cular disease: 2007 update: a scientific statement from
the American Heart Association Council on Clinical
Cardiology and Council on Nutrition, Physical Activity,
and Metabolism. Circulation, 2007; 116: 572-584.

7) Fletcher GF, Ades PA, Kligfield P, et al: Exercise stan-
dards for testing and training: a scientific statement
from the American Heart Association. Circulation, 2013;
128: 873-934.

8) Morisawa T, Saitoh M, Otsuka S, et al: Perioperative
changes in physical performance affect short-term
outcome in elderly cardiac surgery patients. Geriatr
Gerontol Int, 2021; 21: 676-682.

9) Covinsky KE, Pierluissi E, Johnston CB: Hospitaliza-
tion-associated disability: “She was probably able to
ambulate, but I'm not sure”. JAMA, 2011; 306: 1782~
1793.

10) Arai H: Implication of frailty in elderly care. Nihon
Rounen Igakkai Zasshi, 2014; 51: 497-501. (in Japanese)

11) Guralnik JM, Simonsick EM, Ferrucci L, et al: A short
physical performance battery assessing lower extremity
function: association with self-reported disability and
prediction of mortality and nursing home admission. J
Gerontol, 1994; 49: M85-94.

12) Takahashi T, Morisawa T, Saitoh M, et al: Forefront of
Cardiac Rehabilitation in Japan. Juntendo Medical
Journal, 2021; 67: 10-16.

13) Scherrenberg M, Wilhelm M, Hansen D, et al: The
future is now: a call for action for cardiac telerehabili-
tation in the COVID-19 pandemic from the secondary
prevention and rehabilitation section of the European
Association of Preventive Cardiology. Eur ] Prev
Cardiol, 2021; 28: 524-540.

14) Kamiya K, Yamamoto T, Tsuchihashi-Makaya M, et
al: Nationwide Survey of Multidisciplinary Care and
Cardiac Rehabilitation for Patients With Heart Failure
in Japan - An Analysis of the AMED-CHF Study. Circ
J, 2019; 83: 1546-1552.

15) Golbus JR, Lopez-Jimenez F, Barac A, et al: Digital
Technologies in Cardiac Rehabilitation: A Science Advi-
sory From the American Heart Association. Circula-
tion, 2023; 148: 95-107.

16) Nishitani-Yokoyama M, Shimada K, Fujiwara K, et al:
Safety and Feasibility of Tele-Cardiac Rehabilitation
Using Remote Biological Signal Monitoring System: A
Pilot Study. Cardiol Res, 2023; 14: 261-267.

17) Saitoh M, Takahashi T, Morisawa T, et al: Remote
Cardiac Rehabilitation in Older Cardiac Disease: A
Randomized Case Series Feasibility Study. Cardiol
Res, 2022; 13: 57-64.



Reviews @ ®

Juntendo Medical Journal
2024. 70(1), 9-22

Nutrition, Exercise, and Cognitive Rehabilitation for Dementia Prevention

ToMOKAZU TAKAKURAL?

DDepartment of Rehabilitation Medicine, Juntendo University Graduate School of Medicine, Tokyo, Japan
2)Department of Rehabilitation Medicine, Juntendo Tokyo Koto Geriatric Medical Center, Tokyo, Japan

Dementia is one of the most significant global challenges in medical and social care in the 21st century. It affects not only the
patients themselves, but also their families, caregivers, and society in general, causing physical, psychological, and socioeconomic
effects. As of 2020, there are approximately 6 million people in Japan aged 65 or older with dementia, and this number is
expected to increase to around 7 million by 2025, meaning that one out of every five elderly people will have dementia. To
prevent the onset and progression of dementia, it is crucial to have a proper understanding of its risks and adopt a healthy
lifestyle. Leading an active life from an early stage can also aid in delaying or preventing the onset of dementia. Livingston has
identified 12 risks that can lead to dementia, including physical inactivity, smoking, excessive alcohol consumption, air pollution,
head injury, social isolation, poor educational history, obesity, hypertension, diabetes, depression, and hearing loss. Modifying
one’s lifestyle and leading an active life can be crucial in reducing these risks. The Mediterranean diet is gaining attention as a
good practice for dementia prevention due to its diversity, richness in omega-3 fatty acids and vitamins. Exercise has been
shown to prevent dementia on biological, behavioral, and socio-psychological levels. Repetitive transcranial magnetic stimulation
is a non-invasive brain stimulation method that can alter brain plasticity and is being studied for clinical applications as a non-
drug therapy for preventing dementia progression.
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mark the highest ever recorded for this demo-

Introduction graphic group. Furthermore, according to the same

A super-aging society is one in which the elderly
population aged 65 and over accounts for 21% or
more of the total population. In Japan, due to the
rapid aging of the population, the country has
already entered a super-aging society in 2007.
According to recent data from the Statistics Bureau
of the Ministry of Internal Affairs and Communica-
tions, Japan's elderly population aged 65 and over
is projected to reach 36.27 million by October 2022.
This translates to 29.1% of the total population,
representing a 0.3 percentage point increase from
the previous year’s figure of 28.8%. These figures

report, as of October 2022, there will be 19.37 million
people aged 75 or older in the late stages of life,
accounting for 155% of the total population. In
comparison with other countries, Japan (29.1%)
has the highest percentage of elderly in the total
population, followed by Italy (24.1%), Finland
(23.3%) Puerto Rico (22.9%), and Portugal (22.9%)".
By 2025, the number of the elderly aged 75 and
over is expected to reach 21.8 million, and the
number of the elderly aged 65-74 is expected to
reach 14.97 million, totaling about 37 million people
aged 65 and over. On the other hand, Japan’s total
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population peaked in 2008 and has been declining
since then. Therefore, as a result of the relative
increase in the elderly and relative decrease in the
number of young people due to demographic
changes, about one in three of the nation’s popula-
tion will be 65 years of age or older, and about one
in five will be 75 years of age or older. The baby
boomer generation born between 1947 and 1949
will enter late-elderly status in 2025, marking a
significant milestone?. This will have a major
impact on society as a whole in terms of social secu-
rity, medical care, long-term care, and pensions to
support the growing number of late-elderly citi-
zens, and it has been likened to the “2025 problem,”
and the problem is expected to become even more
apparent. To maintain the social security system in
the future, it is becoming increasingly important to
extend the healthy life expectancy of every citizen.

Dementia is generally defined as a decline in
cognitive function beyond what is normally expected
with aging. Cognitive decline and psychiatric symp-
toms of dementia are commonly divided into higher
brain dysfunctions such as memory impairment,
aphasia, and apraxia, which are considered core
symptoms, and behavioral and psychological symp-
toms of dementia (BPSD) such as delirium, halluci-
nations, and decreased vitality. Dementia is one of
the greatest global challenges in health and social
care in the 21st century®. It is estimated that there
are currently more than 55 million patients world-
wide, with an additional 10 million new cases each
year?. According to the Ministry of Health, Labour
and Welfare's survey on long-term care insurance
certification in Japan, dementia is the leading factor
in the need for long-term care®. Dementia has
physical, psychological, and socioeconomic effects
not only on the patients themselves, but also on
their families, caregivers, and society. Taking active
steps towards dementia prevention is crucial to
maintain not only the health of the patient but also
of their family and social circle. This approach can
also help in reducing the demand for medical care
in society as a whole. As of 2020, there will be
approximately 6 million people in Japan aged 65 or
older with dementia, and this number is expected
to increase to approximately 7 million by 2025,
meaning that one out of every five elderly people
will have dementia®. With such a rapidly aging
population, there is no doubt that the prevention of
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the onset and progression of dementia is one of the
most important and urgent issues in Japan. On a
global scale, efforts to understand and prevent
dementia are gradually being made, and the number
of dementia patients is decreasing in developed
countries. To prevent the onset and progression of
dementia, it is crucial to have a proper under-
standing of its risks and adopt a healthy lifestyle.
Leading an active life from an early stage can also
aid in delaying or preventing the onset of dementia.
This article outlines the risks of developing
dementia and the non-pharmacologic therapies,
such as diet, nutrition, exercise, and cognitive reha-
bilitation, that are necessary to prevent dementia.

Causal diseases of dementia

Alzheimer's disease (AD) is the most common
causative disease of dementia in Japan at 67.4%,
followed by cerebrovascular dementia (CVD) at
18.9%, dementia with Lewy bodies (DLB) at 4.6%,
mixed dementia at 4.2%, and frontotemporal
dementia (FTLD) at 1.1%"®. These dementias are
fatal diseases and have a prognosis of 10 years or
less, depending on the age of onset® 2,

On the other hand, there is a type of dementia
that can be treated, which is referred to as “treat-
able dementia™?. Treatable dementia can occur at
a young age and often has a more acute course
than AD and other degenerative diseases. It is
important to note that there are several types of
dementia that can be treated effectively. These
include endocrine disorders such as hypothyroidism,
essential vitamin deficiencies such as vitamin BI,
vitamin B12, and folate deficiencies, neurosyphilis,
fungal infections, central nervous system infections
such as encephalitis and meningitis, chronic subdural
hematoma, normal pressure hydrocephalus, and
nonconvulsive status epilepticus. These treatable
dementias can occur even in patients already diag-
nosed with AD, CVD, DLB, etc. However, if these
diagnoses have already been made, any exacerba-
tion of symptoms tends to be dismissed as a
symptom progression of this disease, and then
cognitive declines to be overlooked without an
opportunity to be re-examined.

Physicians and healthcare professionals who
treat patients with dementia must always take into
account the impact of multiple factors. Rather than
attributing fluctuations in mental symptoms to a
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single disease, they should approach diagnosis and
treatment flexibly. This should be done considering
both progressive dementia and treatable dementia,
and adapting to changes in the patient’s condition.
Furthermore, the human “mind” and “body” are
closely linked, and cognitive functions, mental
states, and physical functions interact with each
other. In particular, as represented by the term
“brain-gut correlation”, gastrointestinal tract func-
tions, autonomic nervous system functions, and
brain functions interact with each other. Therefore,
it must be recognized that in patients with dementia,
cognitive and mental status fluctuate due to various
physical complications such as infections, pain from
intra-—abdominal organ diseases, falls, and fractures,
and that dementia can easily become severe. It is
important to avoid polypharmacy and cognitive
decline when treating individual diseases. When
different specialists focus on treating specific organs,
they may overlook the effects of drug administra-
tion, resulting in a vicious cycle of treating physical
diseases and cognitive decline. Many patients who
develop dementia are elderly and are prone to
unanticipated side effects from drugs. As dementia
1S a progressive systemic disease that starts with
cognitive decline, it is important to conduct a thor-
ough assessment of the entire body, including
cognitive function, internal organs, and the muscu-
loskeletal system, and to administer the minimal
drug therapy required. Therefore, it is important
to select treatment and care options from a bird’s—
eye viewpoint based on a thorough understanding
of the characteristics and limitations of both phar-
macological and non—-pharmacological therapies.

Global trends in the increase and
decrease of dementia patients

The world population is getting older, which is
resulting in a rise in the number of people diag-
nosed with dementia. As per the estimates of 2019,
the number of dementia patients is around 57.4
million'?. It is expected to increase to 152.8 million,
almost triple the current number, by 2050%. The
number of dementia patients is expected to increase
in line with population growth, particularly in sub-
Saharan Eastern Africa, North Africa, and the
Middle East. In East Asia, on the other hand, the
aging of the population is expected to be a major
factor in the increase in the number of dementia

patients'®. However, it has been reported that in
high-income countries in the United States and
Europe, the prevalence of dementia has been declining
in recent years’® ¥, the incidence of dementia has
also been reported to be declining in recent yearst9,
In a study conducted by Langa et al. from the
University of Michigan, USA, the prevalence of
dementia was compared between the years 2000
and 2012 in the US. The study revealed that there
was a significant decrease in the prevalence of
dementia during this period, and that this reduc-
tion was partly attributed to an increase in the
number of years of education'?.

However, the number of dementia patients in
Japan has been increasing in recent years, and the
situation differs from that in other developed coun-
tries!?. The increase in the number of elderly people
in Japan has outpaced that of other developed

countries?”

then the aging of the population in
Japan is much higher than in other Western coun-
tries. From the well-known Hisayama Town study,
a cohort study of lifestyle-related diseases, the
prevalence of dementia patients is on the rise??,
and reports show that cerebrovascular dementia is
decreasing, while tauopathies like AD and SD-NFT

are increasing with society’s aging® .

Current status of pharmacotherapy
for dementia diseases

AD is the most common form of dementia, but as
of August 2023, no drug can cure AD. In Japan,
four drugs have been approved for the treatment
of dementia: three cholinesterase inhibitors (ChEIs)
and one NMDA receptor antagonist, but these are
all symptomatic therapies®. The choline hypoth-
esis has been proposed to explain cognitive dysfunc-
tion in AD, which is thought to be caused by a
decline in the function of the acetylcholine (ACh)
system in the central nervous system?2”. Three
drugs currently approved for the treatment of AD,
donepezil, galantamine, and rivastigmine, are cholin-
esterase inhibitors (ChEI) that were developed to
inhibit the degradation of ACh#?®.In AD, the NMDA
receptor (N-methyl-D-aspartate receptor: NMDAR),
one of the glutamate receptors, is activated exces-
sively, which causes neurotoxicity and cognitive
dysfunction?”. Memantine was developed for the
treatment of AD based on the hypothesis of gluta-
mate-induced neurotoxicity and is thought to antag-
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onize NMDAR, inhibit excessive glutamate stimu-
lation, improve synaptic transmission, and inhibit
neuronal cell loss®. ChEI affects both peripheral
and central cholinesterase, causing side effects such
as gastrointestinal and cardiovascular symptoms,
frequent urination, muscle spasms, nightmares, and
insomnia due to excess Ach??. It is important to
note that while ChEI may improve motivation and
activity, it also increases irritability and can be
challenging to differentiate from delirium. It is
important to note that while ChEI may improve
motivation and activity, it also increases irritability
and can be challenging to differentiate from delirium.
Memantine also causes side effects such as somno-
lence, dizziness, confusion, headache, constipation,
and incontinence.

A survey conducted between 2015 and 2016 in
Japan found that almost half of those prescribed
antidementia drugs were 85 years or older. This is
surprising because 17% of the elderly aged 85 years
or older were prescribed some of these anti-de-
mentia drugs®. The target population for these
anti-dementia drugs in the clinical trial phase was
85 years of age or younger, and the current situa-
tion in prescribing is becoming divergent from the
subjects targeted in the clinical trials. The prescribing
of anti-dementia drugs to super-aged patients
must be approached with greater caution due to
insufficient efficacy and safety, and potential
adverse events. These drugs are only intended to
alleviate the psychiatric symptoms of dementia, not
to treat the disease itself. Because the effects of
these dementia medications are difficult to under-
stand and side effects are difficult to detect, behav-
ioral and psychological changes due to side effects
can easily be misinterpreted as worsening BPSD
symptoms or dementia symptoms. In France, as of
August 2018, the four dementia drugs mentioned
above have been excluded from insurance coverage
due to their potentially serious side effects, while
their effects on patients’ behavioral disturbances,
quality of life, and mortality have not been estab-
lished. The government is shifting its policy to focus
on long-term care and comprehensive community
care rather than these drugs whose usefulness is
not yet certain.

Disease-modifying drugs have long been under
development as therapeutics for the fundamental
treatment of dementia, but many of them have
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failed in the clinical trial stage.

The U.S. FDA approved the use of lecanemab in
July 2023. Lecanemab is an antibody drug that is
based on the amyloid hypothesis. It is designed to
remove amyloid-f accumulation in the brains of
patients with Alzheimer’s disease. Lecanemab is
the first drug that is expected to modify the disease
course of Alzheimer’s disease. It is expected that
lecanemab will be approved in Japan shortly.
However, before administration of lecanemab, a posi-
tron emission tomography (PET) scan or spinal
fluid analysis must be performed to confirm the
presence of amyloid-$%?. This creates a hurdle for
patients to choose whether they can afford an
expensive PET scan or an invasive CSF test before
they start receiving lecanemab. In addition, cere-
bral edema and microhemorrhages, known as
amyloid-related imaging abnormalities (ARIA)33.39,
have been reported as serious side effects of this
drug. Regular MRI scans are required to monitor
these side effects®®. In addition, testing for APOE4
gene carriage is necessary for some APOE4 gene
carriers who are at an increased risk of developing
ARIA% Individuals who are prescribed anticoagu-
lants for the prevention of cardiac disease or stroke
are at a greater risk of experiencing cerebral hemor-
rhage®®. The administration of lecanemab concur-
rently with anticoagulants may intensify the likeli-
hood of adverse effects, posing a challenge when
considering this medication for patients who have
a history of stroke or ischemic heart disease. The
price of lecanemab in the U.S. is set at $26,500 per
year®, making it currently a very expensive treat-
ment. Although the improvement of dementia symp-
toms by this treatment is expected to have an
economic benefit by reducing the burden of care-
giving and financial burden on those around the
patient, there are concerns about the increased
burden on medical resources, such as twice-monthly
intravenous infusions and periodic MRI scans. It
remains uncertain whether the benefits of disease-
modifying drugs outweigh the risks of side effects
and the expenses associated with medical resources.
Additionally, it may take some time before these
drugs become readily accessible and commonly
used as a treatment option worldwide. Although
there are high expectations for the emergence of
disease-modifying drugs, their indication is currently
limited to MCI or mild AD, and they are expected
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to be effective as secondary or tertiary prevention
after such a diagnosis has been made. In the current
situation where we have to deal with the increasing
number of dementia patients on a global scale,
efforts for primary and secondary prevention,
particularly through non-pharmacologic interven-
tions like lifestyle modifications, are critical.

Stages of progression from normal to dementia

The process of progression from normal to
dementia is classified into four stages. The first
stage is called subjective cognitive decline (SCD) 337,
in which the patient has only subjective symptoms
of forgetfulness, followed by mild cognitive impair-
ment (MCI)339 in which the patient has objec-
tively mild cognitive impairment but is still inde-
pendent in daily living, and finally dementia when
the symptoms progress further and daily living
becomes difficult to be independent. It is estimated
that 5-20% of MCI patients will develop dementia
in a year®. MCI has also been reported to revert
to normal cognitive function* %V, early diagnosis
and prevention of dementia in the MCI stage is
extremely important.

Dementia symptoms and stages of progression

Dementia is commonly associated with cognitive
function and mental symptoms. However, it is a
degenerative brain disease that progressively
causes a variety of brain dysfunctions. It can lead
to a decline in motor abilities such as walking,
standing, and balance?®*. Additionally, it can also
worsen swallowing and eating functions* . Mental
functions gradually deteriorate, leading to delirium
and psychomotor agitation, eventual loss of facial
expressions, communication difficulty, inaction, self-
enclosure, immobility, and muteness. As the disease
progresses, patients may experience complications
such as malnutrition, aspiration pneumonia, pyelo-
nephritis, sepsis, injuries from falls, and ultimately
death.

In the case of AD, the main initial symptom is
memory Iimpairment, such as the inability to
remember the names of people one knows well.
After experiencing memory impairment, individ-
uals may develop symptoms such as executive
dysfunction, disorientation, apraxia, and uncon-
sciousness which can hinder their ability to perform
instrumental activities of daily living. In the middle

and later stages, basic ADLs are impaired and the
patient requires nursing care. During the course of
the disease, individuals may develop symptoms
such as anxiety, depression, insomnia, agitation,
irritability, paranoia, wandering, hallucinations, and
delusions that may require pharmacotherapy. The
progression of AD is assessed by the Functional
Assessment Staging of Alzheimer’s Disease (FAST)
developed by Reisberg in 1984 and is used world-
wide to assess the progression of ADY % FAST is
composed of 7 stages, 5 sub-stages for Stage 6 and
6 stages for Stage 7, and a total of 16 stages. Reis-
berg emphasizes the need to watch for the wors-
ening of disease due to treatable factors, including
electrolyte abnormalities and stroke complications,
when symptoms progress more rapidly than the
typical course shown in FAST. (Table 1)

Three phases in dementia prevention

There are three phases in dementia prevention®.
Primary prevention is to prevent the onset of
dementia from a healthy and asymptomatic state.
Secondary prevention is to delay the onset of
dementia through early detection and treatment.
Tertiary prevention is to delay the progression of
symptoms after the onset of dementia. In the
primary and secondary prevention stages, non-
drug therapy and lifestyle modification are most
important. In the tertiary prevention stage, phar-
macotherapy may be necessary for BPSD symp-
toms such as hypoactivity, apathy, and psycho-
motor agitation; however, it should only be used as
part of an overall treatment plan that also includes
non-pharmacological interventions.

Even if a patient has already been diagnosed with
a dementia disease such as AD or DLB, complica-
tions of “treatable dementia” such as hydroceph-
alus, chronic subdural hematoma, endocrine abnor-
malities, and essential vitamin deficiencies may
exacerbate dementia symptoms. In addition, as
patients age, they are more likely to suffer head
trauma from easy falls due to the progression of
frailty, and polypharmacy due to the increased use
of medications to treat increased medical complica-
tions also contributes to the progression of frailty.
For these various reasons, the overlap of various
diseases and conditions can lead to further cogni-
tive decline. Older people suffering from dementia
are at increased risk of malnutrition due to various
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Table 1 The Functional Assessment Staging of Alzheimer’s Disease (FAST)

Stage Clinical diagnosis

Characteristics

1 Normal adult

No difficulty either subjectively or objectively

2 Normal aged adult

Complains of forgetting the location of objects—subjective word-finding difficulties

Compatible with

incipient AD organizational capacity

Decreased job functioning evident to co-workers. Difficulty in traveling to new locations. Decreased

4 Mild AD

Decreased ability to perform complex tasks (e.g. planning dinner for guests, handling. personal
finances, difficulty marketing, etc.)

5 Moderate AD

Requires assistance in choosing proper clothing to wear for the day, season, or occasion (e.g. a

patient may wear the same clothing repeatedly unless supervised)

Improperly putting on clothes without assistance or prompting (e.g., may put street clothes on

6a overnight clothes, put shoes on wrong feet, or have difficulty buttoning clothing) occasionally or

more frequently over the past weeks

Unable to bathe properly (e.g. difficulty adjusting bathwater temp.) occasionally or more frequently

6b he s K
Moderately severe AD over the past weeks
6 Inability to handle mechanics of toileting (e.g., forgets to flush the toilet, does not wipe properly or
C . . . .
properly dispose of toilet tissue) occasionally or more frequently over the past weeks
6d Urinary incontinence occasionally or more frequently over the past weeks
6e Fecal incontinence occasionally or more frequently over the past weeks
7 Ability to speak limited to approximately a half-dozen different intelligible words or fewer in an
a . . . .
average day or the course of an intensive interview
b Speech ability is limited to using a single intelligible word on an average day or in an intensive

interview (the person may repeat the word over and over)

7c Severe AD

Ambulatory ability is lost (cannot walk without personal assistance)

7d Cannot sit up without assistance
Te Loss of ability to smile
7 Loss of ability to hold head up independently

Adapted from Reisberg B (1986) Geriatrics, 41: 30-46.

nutritional problems®. In particular, after the onset
of dementia, it is not uncommon for nutritional
disorders to develop as a result of decreased food
intake due to decreased food recognition and
interest, impaired chewing and eating function, and
other complications such as vitamin Bl deficiency
(Wernicke-Korsakoff encephalopathy), vitamin
B12 deficiency, folate deficiency, and hypoglycemic
encephalopathy associated with decreased food
intake. Complications associated with low dietary
intake can worsen symptoms of dementia. Poor
nutritional status increased BPSD, especially verbal
aggressiveness/emotional disinhibition, in those
with MCI and early-stage AD. Patients with MCI
and early-stage AD need to be assessed for nutri-
tional status from early on, at the onset of mild
cognitive decline, and require intervention to
prevent worsening of BPSD.

Therefore, even after the diagnosis of dementia
is confirmed, it is important to continue periodic
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imaging with head CT, MRI, and periodic blood
sampling for evaluation of thyroid hormone abnor-
malities and vitamin deficiency as tertiary preven-
tion after the onset of dementia.

Risk factors related to the
development of dementia

Sixty percent of the risks for dementia are diffi-
cult to modify, while 40% are considered modifi-
able. The “12 modifiable risks” proposed by Living-
ston, University of London, include physical inactivity,
smoking, excessive alcohol consumption, air pollu-
tion, head trauma, social isolation, poor educational
history, obesity, hypertension, diabetes, depression,
and hearing loss (Figure 1). Maintaining an active
and social lifestyle is crucial in preventing dementia.
It is recommended to focus on dementia prevention
from an early age, but it's never too late to take
steps to prevent it. As the saying goes, “It is never
too early or too late to be greedy in preventing
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dementia.” The report highlights the importance of
engaging in activities that prevent dementia, regard-
less of age®.

Diabetes increases risk of dementia

Several epidemiologic studies have shown that
type 2 diabetes decreases cognitive function and
increases the incidence of dementia; the Rotterdam
Study reported that type 2 diabetes increases the
risk of developing dementia and AD, especially
during insulin therapy®. The Hisayama study also
reported that type 2 diabetes significantly increased
both AD and VaD%®. The pathogenesis of cognitive
dysfunction due to type 2 diabetes includes tau
phosphorylation due to increased insulin resistance,
neuronal and synaptic damage via amyloid-f accu-
mulation, and vascular damage. Other postulated
mechanisms of cognitive dysfunction due to type 2
diabetes include neuropathy and vascular damage
mediated by increased amyloid-f accumulation,
advanced glycation end-products (AGEs) accumu-
lation due to hyperglycemia, inflammation, and
increased reactive oxygen species (ROS) produc-

tion®,

Postprandial hyperglycemia and diurnal fluctua-
tions in blood glucose are risks for developing
dementia. In diabetes mellitus, the hazard ratio for
developing dementia was 140 times higher for
postprandial blood glucose levels of 190 mg/dL
compared to 160 mg/dL*. Therefore, it is important
to limit carbohydrate intake, consume foods with a
low glycemic index (GI) (brown rice and other
unrefined grains rather than white rice), increase
the number of chews and eat as slowly as possible,
and consume vegetables before carbohydrates to
reduce the rise in blood glucose levels (meal order).
It is important to maintain a diet that does not
cause hyperinsulinemia. Hypoglycemia tends to
cause irreversible changes in the brain, and it has
been reported that the hazard ratio for developing
dementia increases from 1.26 for a single hypogly-
cemic attack to 1.80 for two attacks and 1.94 for
three or more attacks™. The frequency of hypogly-
cemic attacks is also high in patients after the onset
of dementia and is related to the fact that hypogly-
cemic attack symptoms are not easily recognized,
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meals are more likely to be irregular, and patients
are more likely to be undernourished. Especially in
elderly patients with frailty, hypoglycemia can easily
lead to falls and fractures, creating a vicious cycle.

Diet and nutritional management for
dementia prevention

In recent years, the Mediterranean diet has been
attracting attention as a good dietary practice for
dementia prevention®%%2 The Mediterranean diet
is a dietary habit of Mediterranean countries such
as Italy, Spain, and Greece, characterized by abun-
dant use of fresh fruits and vegetables, more fish
than dairy products and meat, olive oil, nuts,
legumes, and often unrefined grains such as whole
grains. It is also characterized by the use of whole
grains and other unrefined cereals. They also drink
moderate amounts of red wine with their meals
and can be characterized as having a very diverse
eating style. (Figure 2) Adherence to the Mediter-
ranean diet was associated with a 20% lower risk of
dementia overall in a Mediterranean study involving

Mediterranean Diet Pyramid: a lifestyle for today
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over 16,000 middle-aged and elderly participants
followed up for over 20 years. Associations were
stronger for non-AD dementia in women and for
AD in men, and among participants with lower
education®. There are significant geographical and
historical differences between Japan and the Medi-
terranean countries in Europe, which result in
unique food cultures. As a result, it may be chal-
lenging to replicate the Mediterranean diet entirely.
However, there are still some valuable points that
we can learn from it. Compared to the Mediterra-
nean diet, the traditional Japanese diet has a higher
carbohydrate intake due to the consumption of
rice. Therefore, to build a highly diversified diet
based on the Japanese diet, it is recommended that
a balanced diet be maintained by actively consuming
fish, shellfish, vegetables, fruits, nuts, and legumes,
and by moderating the intake of white rice as a
carbohydrate and including millet and unrefined
grains with low GI values.

Consuming fish is a great way to get protein and
omega-3 fatty acids, which are crucial for preventing
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Figure 2 Mediterranean diet pyramid
Retrieved from FUNDACION DIETA MEDITERRANEA website: https://dietamediterranea.com/nutricion-

saludable-ejercicio—fisico/#piramide

16



Juntendo Medical Journal 70(1), 2024

dementia. Shellfish is a great source of essential
minerals such as calcium, iron, zinc, magnesium,
and potassium, as well as vitamin B12. Vegetables
and fruits are packed with vitamins C, carotene,
vitamin E, and folic acid. Nuts are also an excellent
source of calcium, magnesium, and dietary fiber.
Beans provide protein and vitamin B1, while unre-
fined grains offer carbohydrates, vitamin BI,
minerals, and dietary fiber. Additionally, olive oil is
rich in oleic acid, and red wine contains polyphe-
nols. Consuming a diverse range of nutrient-rich
foods is essential in preventing dementia. Nutri-
tional management is important for preventing
dementia progression, even after onset.

Patients with dementia often experience various
eating behavior abnormalities®”, such as undernu-
trition due to anorexia, and overnutrition due to
overeating. Furthermore, dementia patients have a
reduced sense of taste and tend to prefer sweet
and strong-tasting foods®, leading to a diet that is
high in carbohydrates and deficient in essential
vitamins, minerals, and proteins. This can further
exacerbate the disease condition and its symptoms.

Adequate fatty acid intake for
dementia prevention

Fatty acids are divided into four general catego-
ries: saturated, monounsaturated, polyunsaturated,
and trans fatty acids®®. Saturated and trans fatty
acids increase the risk of coronary heart disease.
Monounsaturated and polyunsaturated fatty acids
decrease the risk of coronary heart disease®. The
brain is a lipid-rich organ, then the intake of good
fats is crucial for the brain. Omega-3 (n-3) fatty
acids have been linked to healthy aging throughout
life”. The omega-3 fatty acids from fish, eicos-
apentaenoic acid (EPA), and docosahexaenoic acid
(DHA) are associated with fetal development,
improved cardiovascular function, and Alzheimer’s
disease prevention. EPA reduces neutral fat,
preventing arteriosclerosis and heart disease® .
DHA is a component of nerve cell membranes in
the brain™ and is believed to dilate blood vessels™,
improve immunity and suppress inflammation™,
and aid insulin function™. DHA and EPA are
derived mainly from bluefish. Alpha-linolenic acid
(ALA), which is also a representative of w-3 fatty
acids, is contained in plant-derived oils such as
linseed oil, perilla oil, perilla sesame oil, and walnut

0il™. People who are not fond of fish should actively
try to consume such plant-derived w-3 fatty acids.
Since trans fatty acids are contained in foods
containing margarine and shortening (cakes, French
fries, potato chips, doughnuts, etc.), one should be
careful not to eat too much fast food and sweets.

Vitamin intake and dementia prevention

Insufficient intake of vitamin BI, B12, and folic
acid may lead to dementia™. In particular, vitamin
B1 deficiency, known as beriberi, has long been a
feared national disease, particularly among the
Japanese whose staple food is white rice. Even
today, vitamin Bl deficiency is potentially quite
common, especially among the elderly, and unfortu-
nately, it is still a condition that has a high risk of
going undiagnosed and leading to death™. As
vitamin Bl deficiency is a potential risk, it is imper-
ative to conduct serum vitamin Bl measurements
and administer vitamin Bl supplementation in infu-
sions for patients with impaired consciousness or
nutritional disorders. One of the “treatable demen-
tias” caused by vitamin Bl deficiency is Wernicke’s
encephalopathy, an acute hemorrhagic upper gray
matter inflammation described by Carl Wernicke
in 1881, classically known as a triad of impaired
consciousness, eye movement disorder, and ataxia.
However, the triad is rather infrequent, with only
about 16% of patients presenting with all three
signs™. The sad reality is that during their initial
medical examination, more than 80% of patients
remain undiagnosed. It's important to note that
despite the prevalence of rich diets, vitamin
Bl deficiency remains a common issue that can
arise due to various factors. These factors include
prolonged periods of unbalanced carbohydrate-
heavy diets, excessive alcohol consumption, reduced
food intake due to loss of appetite, and strenuous
exercise. In addition, long-term diuretic therapy
for heart failure and leg edema can cause vitamin
B1 deficiency™ due to the water-soluble nature of
the vitamin B1; however, vitamin Bl measurements
are rarely taken during heart failure treatment.
Therefore, it is important to educate clinicians
involved in emergency room care and heart failure
treatment to prevent treatable dementia. To prevent
vitamin Bl deficiency, it is advisable to include
familiar foods rich in vitamin BI, such as rice bran,
pork fillet, seaweed, eel, soybeans, sesame seeds,
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peanuts, brown rice, and rye bread in the daily diet.

Vitamin B12 deficiency and folate deficiency are
known causes of megaloblastic anemia™™ and
subacute association spinal cord degeneration®,
but even without these conditions, they are known
to cause cognitive decline®”. Folic acid deficiency
and associated elevated homocysteine levels are
also thought to cause dementia and affective disor-
ders such as depression®?. A study on the associa-
tion between hyperhomocysteinemia and Alzhei-
mer’s disease was conducted to investigate the
correlation between blood homocysteine levels and
Alzheimer’s disease over 8 years in 1,092 dementia—
free men and women in the United States with an
average age of 76 years. 5 umol per liter of homo-
cysteine in the blood per liter increased the risk of
Alzheimer’s disease by 40%. The risk of developing
dementia or Alzheimer’s disease is doubled in the
group with the highest blood homocysteine levels
compared to the group with the lowest levels, and
subjects with persistently elevated blood homocys-
teine levels are reported to be at the highest risk
of dementia®®. It has been suggested that folic
acid and vitamin Bl2 supplementation may help
prevent mood disorders, Alzheimer’s disease, and
vascular dementia®®. In postgastrectomy/gastrec-
tomy patients, vitamin B12 deficiency occurs due
to insufficient secretion of internal factors secreted
by the stomach, which is necessary for vitamin B12
absorption. In addition, long-term administration of
proton pump inhibitors (PPIs) is known to impair
vitamin B12 absorption and cause dementia®. A
study examining long-term PPI administration and
the development of dementia reported that long-
term users who had used PPIs for a cumulative
total of more than 44 years had a significantly
increased risk of developing dementia by 33%
compared to those who had never used PPIs. In
contrast, the researchers found no significant
increased risk among short- to medium-term users
of 44 years or less®®. From the perspective of
dementia prevention, it is advisable to include foods
containing vitamin B12 and folic acid in the menu
daily. Foods rich in vitamin Bl2 include shellfish
such as clams, and laver, anchovies, sweetfish, pork
liver, and chicken liver. However, the liver is high
in purines, so care should be taken not to consume
too much if you have hyperuricemia or gout. Foods
rich in folic acid include seaweed, wakame seaweed,
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chicken liver, pork liver, green tea, soybeans, parsley,
kale, and broccoli.

Exercise to prevent dementia

It has been calculated that about 3% of all
dementia cases could be prevented by increasing
levels of physical activity?. Both aerobic exercise
and resistance training are important for dementia
prevention®”®. The effects of exercise on dementia
prevention are estimated to be at the biological
level: increased cerebral blood flow due to exercise,
increased BDNF and IFG-1, increased brain capacity
such as the hippocampus due to improved insulin
resistance, behavioral level: improved sleep, decreased
fatigue, improved physical activity and physical
function, and social psychological level: improved
depression, increased self-efficacy, more friends,
improved social networks®. A study examining
the correlation between physical activity measured
with a physical activity meter and brain volume
by MRI imaging reported a correlation between
prolonged light-intensity physical activity and
increased brain volume®.

For aerobic exercise, daily walking is as important
as a low-intensity exercise load. It is recommended
to use a pedometer, smartphone, or smartwatch to
record the number of steps taken and the amount
of activity, as this will help maintain motivation.
The recommended aerobic exercise for psychiatric
symptoms such as cognitive dysfunction and depres-
sion is 5,000 steps or more than 3 METSs of moder-
ate-intensity activity for at least 7.5 minutes per
day®.

In addition to squats, calf raises, and other body-
weight training, dumbbell exercises with dumb-
bells are recommended for resistance training.
Among various types of physical activities including
calisthenics, walking, strength exercise, dancing,
yoga, aqua exercise, ball games, bicycling, hiking,
tai chi, golf, quoits, Japanese croquet, ten-pin
bowling, jogging, martial arts, participation in calis-
thenics significantly reduced the risk of cognitive
decline in community-dwelling older Japanese
women, indicating that calisthenics may be a useful
type of exercise for promoting dementia preven-
tion®.

Good sleep for dementia prevention

Good sleep, in addition to diet and exercise, has
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been highlighted as a modifiable factor in dementia
prevention® . Accumulating evidence indicates
that sleep disturbances contribute to cognitive
decline and increase the risk of Alzheimer’s dementia
by increasing the beta—amyloid burden. Although
sleep disturbances are easily thought of as a conse-
quence of Alzheimer’s disease, sleep disturbances
are a candidate risk factor for Alzheimer’s disease.
There is a bidirectional relationship between sleep
and Alzheimer’s disease, and the systemic hyperin-
flammation induced by sleep disturbances is thought
to increase the beta—amyloid burden and promote
the etiology of Alzheimer’s disease™.

To achieve good sleep, studies have been reported
using a variety of sleep interventions for patients
with MCI and Alzheimer’s disease. Psychothera-
peutic approaches such as cognitive behavioral
therapy (CBT), melatonin, suvorexant, and contin-
uous positive airway pressure (CPAP) for obstruc-
tive sleep apnea (OSA) have shown promise.
Acoustic and transcranial stimulation are also
assumed to have significant effects on non-REM
sleep, but their long-term cognitive and disease-
modifying effects are not yet known®.

NIBS and cognitive rehabilitation for
dementia prevention

We believe that cognitive training is also neces-
sary to treat memory impairment (forgetfulness),
which is called the core symptom of dementia.
Repetitive transcranial magnetic stimulation (rTMS),

(CACR)

a non-invasive brain stimulation (NIBS), is expected
to be a non-drug therapy for the prevention
of dementia progression. Repetitive transcranial
magnetic stimulation (rTMS), a non-pharmacolog-
ical therapy for the prevention of dementia progres-
sion, is being studied for clinical application in
Japan and abroad. Although there is no unified
consensus on the stimulation site and method, there
are many reports using high-frequency stimulation
(HF-rTMS) of the left dorsolateral prefrontal
cortex (Lt. DLPFC) as in the treatment of depres-
sion, and more recently, intermittent theta burst
stimulation (iTBS) has been used in some studies.
Lazzaro et al. conducted a systematic review of
RCTs conducted up to 2020 in AD, MCI, MCI due
to Parkinson’s disease (PD-MCI), and others™.
According to this report, the left dorsolateral
prefrontal cortex (DLPFC) was the most frequently
stimulated area, followed by bilateral DLPFC, right
DLPFC, right DLPFC, low-frequency stimulation
of right DLPFC, bilateral DLPFC, and multiple areas
such as Broca's area, Wernicke’s area, bilateral infe-
rior parietal lobes, and precuneus (Figure 3). This
review also concluded that rTMS-Cog therapy
with high-frequency stimulation of the left dorso-
lateral prefrontal cortex (DLPFC) alone and with
high—frequency stimulation of multiple regions may
improve cognitive function, apathy, memory, and
language function in patients with mild (early) AD
(Level of Evidence C and B, respectively).
Combined cognitive training (r'TMS-Cog therapy)

HF-rTMS of the left DLPFC

iTBS to left DLPFC (approx. 3 min) induces plastic changes
within the stimulus site/memory-related network.

Computer assisted cognitive rehabilitation

Computer-based cognitive rehabilitation training (40 min)
(working memory, attention, word memory, image memory, and
mental rotation tasks are performed)

Figure 3 Expectations for rTMS-Cog therapy
We are currently implementing a 2-week intensive short-term cognitive rehabilitation treatment
program with iTBS to the left DLPFC and CACR for patients with MCL
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may also be useful to improve cognitive and
memory functions in daily life. Computer-assisted
cognitive rehabilitation (CACR) is a fun, game-
like, repetitive task. Currently, our department is
working on cognitive rehabilitation using a combi-
nation of rTMS and CACR to improve cognitive
and memory functions.

Summary

In this paper, the key strategies for preventing
dementia, which include proper nutrition, exercise,
and cognitive rehabilitation were discussed. Dementia
prevention is increasingly important as Japan is
expected to have around 7 million elderly people
with dementia by 2025, which is approximately 1 in
5 elderly people. There are 12 risks identified by
Livingston, which include physical inactivity, smoking,
excessive alcohol consumption, air pollution, head
injury, social isolation, poor educational history,
obesity, hypertension, diabetes, depression, and
hearing loss. Lifestyle modifications and an active
lifestyle are important to reduce these risks. The
Mediterranean diet, with its diverse range of foods,
has gained attention as a dietary practice for
preventing dementia. Exercise has been shown to
prevent dementia on biological, behavioral, and
socio—psychological levels. rTMS, a noninvasive
brain stimulation method, can alter brain plasticity
and is being studied for clinical application as a non-
drug therapy for preventing dementia progression.

This paper is based on a lecture given at the 5lst
Juntendo University Open Lecture on June 17,
2023, with some additional information.
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Endothelial Glycocalyx Protection in Sepsis
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The glycocalyx serves as the covering layer of the luminal surface of vascular endothelial cells, comprising proteoglycans,

glycosaminoglycans, and adherent plasma proteins. This intricate structure is crucial in promoting antithrombogenicity,

controlling vascular permeability, regulating vascular tone, and managing leukocyte/platelet adhesion. However, during sepsis,

the glycocalyx undergoes significant degradation through inflammatory mechanisms; this process can be further facilitated by

treatment for sepsis and septic shock. Therefore, it is crucial to exercise careful management to avoid damage to the glycocalyx

during sepsis treatment.

Key words: glycocalyx, endothelial cell, sepsis, shock, anticoagulation, syndecan

The vascular endothelial surface is covered by a
gel-like layer, namely glycocalyx. The glycocalyx
is composed of membrane-binding proteoglycans
(syndecan and glypican), glycosaminoglycan side-
chains (heparan sulfate and chondroitin sulfate)
conjugated with the core protein of the proteogly-
cans, and high-molecular-weight polysaccharide
hyaluronan that interacts to transmembrane receptor
CD44. The hydrophilic polysaccharides bind func-
tional proteins such as albumin and antithrombin?
(Figure 1). The wvascular glycocalyx exhibits
important roles that include attenuating flow resis-
tance, controlling vascular tone, maintaining anti-
thrombogenicity, and regulating vascular permea-
bility. However, since the glycocalyx is highly fragile
and easily damaged via upregulated inflammatory
reactions, increased shedders such as metallopro-
teinases, heparanase, and hyaluronidase are needed.
Intravascular inflammation is closely associated
with glycocalyx degradation, leading to vascular
permeability, edema formation, thrombotic shift, and

neutrophil and platelet adhesion”. Consequently, the
circulating glycocalyx components, such as syndecan
and hyaluronic acid, are degraded and serve as
biomarkers of endothelial damage?. The derange-
ment of glycocalyx is tightly connected with the
presence of organ dysfunction and high mortality
in sepsis®. Therefore, protection and maintenance
of glycocalyx are critical in sepsis management.
The following part introduces the potential prag-
matic approach for glycocalyx protection.
Hypervolemia is thought to be associated with
increased glycocalyx degradation. Previous studies
suggested that hypervolemia induces atrial natri-
uretic peptide release, leading to glycocalyx degra-
dation?. A randomized controlled trial (RCT) exam-
ined the efficacy of restricted resuscitation fluid
protocol, which could successfully reduce resuscita-
tion fluid volumes in adult patients with septic
shock”. In this study, the standard care group
received fluid boluses as long as circulation continued
to show improvement, whereas the fluid restriction
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Figure 1 The structure of the endothelial glycocalyx
The major components of the glycocalyx are transmembrane glycoprotein ie., syndecans,
membrane-attached glypicans, and hydrophilic polysaccharides, including heparan sulfate,
chondroitin sulfate, and hyaluronan. Physiological plasma proteins, including albumin

and antithrombin, are maintained in this structure.

group received fluid boluses only when severe
hypoperfusion appeared. However, the following
larger RCT examining restricted intravenous fluid
failed to show a better outcome®. Thus, the effect
of restricted fluid therapy is still unclear, but we
think avoiding volume overload by regularly reas-
sessing the patient’s response to fluid resuscitation
is necessary.

Excess catecholamine use is toxic to the glycoc-
alyx. The glycocalyx shedding is known to be mark-
edly increased in Takotsubo disease, where the
surge of catecholamine occurs”. In cases of septic
shock, when adequate fluid resuscitation fails to
restore perfusion, the dose of vasopressors (norepi-
nephrine) will be increased, and that can damage
the vascular integrity. Therefore, Surviving Sepsis
Campaign Guidelines 2021 state, “For adults with
septic shock on norepinephrine with inadequate
mean arterial pressure levels, we suggest adding
vasopressin instead of escalating the dose of norepi-
nephrine®.” The effect of the restriction of catechol-
amine should be examined in the future study.

Hyperglycemia is also known to be related to
glycocalyx injury. Nieuwdorp et al. reported that
hyperglycemia increased plasma hyaluronan levels,
endothelial dysfunction, and activation in coagula-

24

tion?. The mechanism can be explained by the
increased reactive oxygen species and receptor
activation for advanced glycation end-products
(RAGE), but we demonstrated that neutrophil
activation and neutrophil extracellular trap forma-
tion are also involved in the mechanisms of glycoc-
alyx injury'®?. Since hypoglycemia is harmful to
septic patients, glycemic control by intensive insulin
therapy is not the current trend in sepsis manage-
ment®. However, the toxic effect of hyperglycemia
on the glycocalyx should be kept in mind.

Colloid therapy using fresh frozen plasma (FFP)
and albumin has been proposed to protect glycoc-
alyx. FFP contains physiological oxidase, protease,
and matrix metalloproteinase inhibitors that help
maintain the glycocalyx. Furthermore, FFP can
suppress the fluid volume for resuscitation compared
to crystalloids'. Meanwhile, albumin is expected to
protect glycocalyx via carrying erythrocyte-derived
sphingosine-1-phosphate (SIP) to the endothelium,
where it can mediate glycocalyx recovery by
suppressing metalloproteinase activity?. However,
the result of the clinical trial was disappointing. A
phase 2, multicenter randomized trial was conducted
among the patients who underwent abdominal
surgery. Dexamethasone and 20% albumin (100
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mL) were followed by 200 mL of 20% albumin with
subsequent 1000 mL of crystalloid administered to
the study group, while crystalloid fluid was only
given to the control group. The damage of the
glycocalyx was compared by the levels of circu-
lating syndecan-1, and the levels did not differ
between the groups'®. However, the effects of colloid
therapy should be reexamined in larger trials.

One of the pivotal functions of the glycocalyx is
antithrombotic. Heparan sulfate is an essential
glycosaminoglycan side—chain of the glycocalyx and
is a cofactor of physiological anticoagulant anti-
thrombin. Since antithrombin activity significantly
decreases in sepsis, antithrombin supplementation
1s a rational approach for the management of
sepsis-induced coagulopathy. It is of interest that
antithrombin not only balances the hypercoagula-
tion but can stabilize the glycocalyx by binding to
the heparan sulfate'?.

Given the critical role the glycocalyx plays in
maintaining vascular integrity, it is imperative to
protect this component during sepsis management.
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Sepsis is frequently associated with disseminated intravascular coagulation (DIC) and multiple organ damage. It is widely

accepted that DIC is not merely a complication but also plays a role in the development of organ dysfunction. Thrombus

formation in the microvasculature leads to impaired tissue perfusion and organ damage. Activated neutrophils interacting with

platelets, endothelial injury, and an imbalance of coagulation and fibrinolysis are the essence of thromboinflammation induced

in sepsis—associated DIC. The above mechanisms are typically seen in sepsis—associated acute kidney injury (AKI), and the

development of AKI is known to be strongly associated with the severity of sepsis. It is important to recognize the pathway of

this mechanism in the context of sepsis management.

Key words: sepsis, disseminated intravascular coagulation, acute kidney injury, thrombus, neutrophil

Disseminated intravascular coagulation (DIC) is
defined as “an acquired syndrome characterized by
the intravascular activation of coagulation with loss
of localization arising from different causes. It can
originate from and cause damage to the microvas-
culature, which if sufficiently severe, can produce
organ dysfunction” in 2001Y. As time has passed,
we now understand that intravascular inflamma-
tion and subsequent immunothrombus formation,
along with endothelial damage, are the principal
mechanisms of organ dysfunction in sepsis—associ-
ated DIC, and this process is termed “thromboin-
flammation”®. Thromboinflammation is a funda-
mental host response to severe and/or systemic
infection and is recognized not only in sepsis but
also in various diseases such as trauma, heat stress,
and virus infection, including coronavirus disease
2019. Although major players, coagulation/fibrino-
lytic systems, monocytes, neutrophils, platelets, and

vascular endothelial cells, are the same, the detail
of the mechanisms differs slightly between the
underlying diseases, with immunothrombus-in-
duced tissue malcirculation being the primary
mechanism of organ dysfunction in sepsis®.
Among various targets, the kidney is one of the
most frequently affected organs in sepsis, but the
incidence is significantly different between various
reports. White et al? performed a retrospective
cohort study in 12 intensive care units from 2015 to
2021 and reported that approximately 16% of septic
patients met the acute kidney injury (AKI) criteria
(13,451 out of 84,528), and about half of them were
stage 1. Meanwhile, cases with stage 3 and required
renal replacement therapy were only 21% and
approximately 3% of total septic patients. However,
it is also known that the incidence of severe AKI
increases dramatically when DIC is present, and
Helms et al” reported that 47.3% of patients with
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Figure 1 Pathologic findings of the kidney
Sepsis—associated disseminated intravascular coagulation (DIC) was induced by intravenous infusion
of E. coli. Rats were sacrificed 2.5 hours after the infusion, and kidney specimens were stained with
hematoxylin and eosin. In the normal kidney (left), red cells and the capillary lumen were observed.
In contrast, in the kidney of a septic DIC rat, the glomerular capillary was occupied by leukocytes
(arrows), and the capillary lumen was hardly visible (right). Mild renal tubular cell injury was

observed in the septic DIC rat.

sepsis—associated DIC and shock required renal
replacement therapy, compared to 21.3% of patients
without DIC (P < 0.001). Furthermore, the compli-
cation of AKI considerably enhances the severity
of sepsis. Seymour et al9 analyzed data from over
60,000 septic patients by using machine learning
techniques and subdivided them into four sepsis
phenotypes. Among phenotypes, the a phenotype
was the most frequent (33%), although less severe
and requiring less vasopressor support. Patients in
the B phenotype (27%) were older and had more
chronic illnesses. Those in the y phenotype (27%)
exhibited more inflammation and pulmonary dysfunc-
tion. The 6 phenotype (13%) represented the most
severe cases with a higher incidence of AKI devel-
opment, hepatic dysfunction, and endothelial dysfunc-
tion, and a greater risk of death at 32% was reported.
Of note, the coagulation markers were significantly
greater in the 6 phenotype compared to the others.
These findings suggest a tight connection between
DIC and AKI, and their association with poorer
outcomes in sepsis.

Regarding the etiology of sepsis—associated AKI,
Peerapornratana et al” described three major factors:

microvascular dysfunction, inflammation, and meta-
bolic reprogramming. In addition to those mecha-
nisms, we think the microclots formed by the
neutrophils and platelets (immunothrombus) play
a pivotal role. Microclot-mediated tissue malcircu-
lation is a common scenario in other organ dysfunc-
tions®; however, the kidney can be more signifi-
cantly affected due to its anatomical nature during
DIC. The renal tubular cell is generally considered
the primary target of injury in sepsis. It is known
that tubular cell-specific biomarkers such as neutro-
phil gelatinase-associated lipocalin (NGAL) and
kidney injury molecule 1 (KIM-1) elevate as the
increased damage to the kidney?. However, Kidney
Disease Improving Global Outcomes (KDIGO) is
recognized to be a standard scale for evaluating
AKI in sepsis, and the urine output and serum
creatinine level, which consists KDIGO scale, were
primarily determined by the volume of glomerular
filtration. In a rat model of sepsis—associated DIC,
we observed that the glomerular capillaries are
filled with adhered neutrophils, and the blood flow
was significantly reduced (Figure 1). The unique
structure of the renal circulation is characterized
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by the presence of a glomerular capillary between
the afferent and efferent arterioles, ultimately
supplying the blood flow to the renal tubular system.
When microthrombi are formed in the glomerular
capillary, not only the glomerular filtration but the
renal tubular system is also disturbed *1V. AKT in
sepsis encompasses two subtypes ie. glomerular

damage-predominant type and tubular cell damage-

predominant type, and DIC is more likely to be

associated with the former type. We assume
dividing AKI into subtypes may help in planning
therapeutic strategy.

In summary, AKI is a common complication in

sepsis, and severe AKI frequently appears when

the patients are complicated by DIC. Since severe
AKI is tightly associated with high mortality, it is
crucial to understand the pathomechanism. The
development of AKI is owing to its unique vascular

structure, and immunothrombus plays a major role

in

the pathogenesis.
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Effectiveness of Nutritional Guidance Focusing on Leucine Intake

During Cardiac Rehabilitation Maintenance
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Objective: Due to the lack of information on the effects of nutritional guidance focused on leucine intake in patients undergoing
maintenance cardiac rehabilitation, this study investigated on plasma leucine concentrations, lean body mass, and muscle strength.
Methods: Nutritional guidance, focused on leucine (intervention group) or general nutritional guidance (control group), was
provided for six months to patients participating in cardiac rehabilitation. Body composition, grip strength, hematological test
results, and diet of both groups were compared before and after the intervention.

Results: Seven patients in the intervention group (53.2 =182 years) and 7 patients in the control group (58.6 * 15.3 years)
were included. Dietary survey results showed that the six-month intervention significantly (p < 0.05) increased protein intake
and estimated leucine intake only in the intervention group. There was no significant difference in the rate of change in plasma
leucine concentration between the two groups. The rate of change in lean body mass was significantly higher in the intervention
group compared to the control group (p = 0.035). The rate of change in plasma leucine concentration and that in lean body mass
was positively correlated only in the intervention group (r=0.777, p=0.040), and the rate of change in plasma leucine
concentration was also positively correlated with the rate of change in grip strength (p =0.857, p = 0.014).

Conclusions: In the patients undergoing maintenance cardiac rehabilitation, increased plasma leucine concentration by
nutritional guidance focused on leucine increased lean body mass without any increasing the training load.

Key words: leucine, amino acid, nutrition guidance, lean body mass, grip strength

not only aerobic exercise to increase exercise toler-

Introduction ance, but also strength training to maintain and

Patients with cardiac disease tend to have a low
lean body mass and reduced muscle strengthV.
Loss of lean body mass and muscle strength can
reduce the quality of life of patients with heart
disease?, and can worsen heart failure® and cardiac
cachexia? particularly in older patients. For this
reason, it has recently been recommended that
exercise therapy in cardiac rehabilitation includes

increase lean body mass?. Studies have reported
that adding strength training to aerobic exercise in
patients with cardiac disease improves muscle
strength and cardiorespiratory fitness more than
aerobic exercise alone®?.

However, for patients with heart disease, it’s
difficult to set an exercise load produced sufficient
exercise effects. Therefore, blood pressure rises
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and falls at excessively increased the exercise load,
acute coronary syndromes and fatal arrhythmias
might be develop during exercise, even in patients
with preserved left ventricular ejection fraction”.

On the other hands, it has been reported that
nutritional intervention in addition to exercise
increased lean body mass more than exercise
alone®. Therefore, it is considered that nutritional
intervention combined with exercise is effective in
increasing lean body mass.

Nutritional guidance is the conventional concept
of limiting intake such as salt reduction and fat
restriction has recently been replaced by the
recommendation of nutritional guidance that adjusts
the overall diet by adding appropriate nutrients® 1%,
For example, nutritional guidance that promotes
protein intake may be effective in preventing the
loss of lean body mass!’. In particular, leucine, an
amino acid found in proteins, is the only amino acids
that stimulates muscle synthetic pathways!19.
Therefore, leucine intake is expected to enhance
the effects of exercise therapy, especially in patients
at risk for sarcopenia. In fact, a study of leucine
supplements reported an increase in lean body mass
in participants over 50 years of age when they were
given leucine supplements in addition to resistance
training'”. Moreover, older patients undergoing
cardiac rehabilitation who consumed a leucine-con-
taining beverage were founded to have increased
grip strength, a measure of muscle strength!®.

However, no studies have been reported to date
examining the effects of nutritional guidance aimed
at increasing leucine intake in the daily diet in
cardiac rehabilitation patients without relying on
dietary supplements. In this study, patients with
cardiac disease who participated in maintenance
cardiac rehabilitation were provided nutritional
guidance focusing on leucine intake over a six—
month period, and the effects of this guidance on
intake, plasma leucine concentration, lean body
mass, and muscle strength.

Materials and Methods

Study design

This study was a parallel group comparison trial.
Patients were stratified by sex, age, and ability to
take pictures and operate machines for a long time
and assigned to two groups: one receiving leucine—
focused nutritional guidance (intervention group),
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and the other receiving general nutritional guid-
ance that did not focus on leucine (control group).
We also assessed the body composition, grip
strength, blood test, and diet of all participants
before and six months after the intervention.

Subjects

Nineteen patients who participated in mainte-
nance cardiac rehabilitation at Juntendo University
Hospital between February 2021 and January 2022
were included in the study. The selection criteria
were patients (1) at least 20 years old, (2) whose
medical condition was stable, and (3) who could
obtain permission from their primary physician.
We excluded patients with (1) hemodialysis or
peritoneal dialysis, (2) decompensated liver dysfunc-
tion such as the liver cirrhosis, (3) dysphagia, (4)
those taking amino acid supplements, and (5) those
unable to regularly attend outpatient cardiac reha-
bilitation. This study was conducted in compliance
with the ethical principles of the Declaration of
Helsinki and with the approval of the Ethics
Committee of the Juntendo University Hospital
(20-078). Written informed consent was obtained
from each participant before the study began. This
study has been registered in the Japanese Clinical
Trials Registry (UMIN000044069).

Body composition

Height (cm), weight (kg), and lean body mass
(kg) were measured using a height meter and
bioelectrical impedance method body composition
analyzer (780A, TANITA, Tokyo, Japan).

Grip strength

Long-term decline in grip strength is associated
with worse survival and QOL in patients with
heart failure!®, and grip strength has also been
reported to stratify cardiovascular mortality and
cardiovascular disease risk in patients with heart
disease!”. Furthermore, grip strength is said to
reflect the muscle strength of the whole body”, and
is also used to diagnose frailty'®. Therefore, grip
strength was measured using a grip dynamometer
(T.K.K. 5001: Takei Scientific Instruments Co., Ltd.,
Kamo, Japan). Measurements were performed
alternately twice on the left and right sides, and
the maximum value of each side was evaluated
using an average of these values.
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Dietary survey

Due to the proven validity of the three-day
dietary survey'*? nutrient intakes were assessed
using pictures and food records over a three-day
period, including holidays. In addition, based on
previous study??, participants took pictures of their
meals together with a predetermined index (9.0 cm
x 5.5 ¢cm paper in this study), and noted the amount
and type of drinks consumed excluding water.
Moreover, participants were instructed by us not
to change their diet from their routine diet for
three days and the researchers also confirmed this
by interviewing the subjects about their diet. Nutri-
tional value calculation was performed by a regis-
tered dietitian other than the researchers using a
nutritional value calculation software (Excel Add-
in Eiyo—plus, KENPAKUSHA Co., Ltd, Tokyo, Japan).
A nutritional value calculation software is in line
with the Standard Tables of Food Composition in
Japan 2020 (Eighth Revised Edition)?? and Stan-
dard Tables of Food Composition in Japan 2020
(Eighth Revised Edition) -Amino Acids®.

Hematological tests

Hematological tests were performed by fasting
blood collection. Blood counts and general biochem-
ical tests (hemoglobin (Hb), hemoglobin Alc
(HbAlc), uric acid (UA), gamma glutamyl transpep-
tidase (y-GTP), total cholesterol (TC), triglycerides
(TG), HDL cholesterol (HDL-C), LDL cholesterol
(LDL-C), total protein (TP), albumin (Alb), serum
iron, ferritin, C-reactive protein (CRP), cystatin C,
estimated glomerular filtration rate (e-GFRcys),
N-terminal fragment of human brain natriuretic
peptide precursor (NT-pro BNP), and amino acid
levels were evaluated. Thirty-nine amino acid
results were obtained. Nine essential amino acids
(leucine, isoleucine, valine, histidine, lysine, methi-
onine, phenylalanine, threonine, and tryptophan)
and eleven non-essential amino acids (serine,
asparagine, aspartic acid, glutamine, glutamic acid,
glycine, alanine, tyrosine, arginine, cysteine, and
proline) were evaluated in the results. The values
for branched-chain amino acids (BCAA: leucine,
isoleucine, and valine) and essential amino acids
(EAA) were also calculated.

Blood counts and general biochemical tests other
than amino acid analysis were performed in an
in-house clinical laboratory, and amino acid anal-

ysis was performed in a clinical laboratory (SRL,
Inc., Tokyo, Japan) using liquid chromatography-
mass spectrometry.

Nutritional guidance

The intervention group received nutritional guid-
ance at least twice a month, using materials
prepared by the researcher, a registered dietitian,
with reference to the Standard Tables of Food
Composition in Japan 2020 (Eighth Revised Edition)
- Amino Acids®. In addition, the frequency of nutri-
tional guidance was set in consideration previous
study?” and insurance coverage of nutritional guid-
ance in Japan. In the first nutritional guidance
session, we explained the proper intake of EAA
(especially leucine) and presented the recom-
mended foods (meat, fish, eggs, soy, and dairy
products)® for the intake of EAA using materials,
while instructing the participants to actively
consume them. Specifically, we encouraged the
consumption of meat with low fat content and fish
with high leucine content per gram of protein,
including salmon, mackerel, and tuna. In addition,
soy and dairy product consumption was encour-
aged according to dietary balance and renal func-
tion. Before the intervention and six months after
the intervention, a questionnaire was used to eval-
uate the frequency and quantity of meat, fish, eggs,
soy, and dairy products consumed and to enable
participants to reflect on their diet. During the
intervention period, the participants were instructed
to take pictures of their meals daily during the first
three months and at least three days per week
after three months, and to report their diet to the
registered dietitian.

The control group received standard nutritional
guidance based on the Guidelines for Rehabilitation

in Cardiovascular Disease®20.

Cardiac rehabilitation

During the intervention period, both groups
participated in weekly cardiac rehabilitation (an
exercise program) at a specialized cardiac rehabil-
itation facility. Prior to implementing the exercise
program, vital signs were checked, and the program
was implemented only if the patient was deemed
able to exercise. The exercise program consisted of
a warm-up, including stretching, followed by 15 to
20 minutes of aerobic exercise (including various
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combinations of walking, bicycling, and jogging)
and approximately 10 to 15 minutes of light isotonic
exercise (including arm curls, shoulder presses and
push-ups) and moderate rest, followed by stretching
and exercises as a cool-down, for a total of 60
minutes. Aerobic exercise was performed at an
intensity equivalent to the anaerobic threshold
(AT) measured in the cardiopulmonary exercise
stress test or subjective exercise intensity.

Statistical analysis

After testing for normality using the Shapiro-
Wilk test, comparisons were made between groups
using Fisher’s exact test for sex, disease, and medi-
cation status before intervention, and using an
unpaired t-test or Mann-Whitney U test for age,
body composition, blood pressure, and left heart
ejection fraction, and the participation rate of
cardiac rehabilitation, depending on whether the
date were normally distributed. The participation
rate of cardiac rehabilitation was calculated as
100 x the number of sessions actually participated
/ the number of rehabilitation sessions held. Within—
group comparisons between pre-intervention and
six months post-intervention were calculated using
a paired t-test. In addition, comparisons of each
group before and six months after the intervention
were analyzed using a two-way repeated-measures
ANOVA to identify interactions with and without
intervention (group) and before and after inter-
vention (period). In addition, we calculated the
percentage change from baseline (pre) in order to
variation of change between individuals. The differ-
ence between the two groups in the percentage
change (A4) was subjected to an unpaired t-test.
Furthermore, the association between the rate of
change in plasma leucine concentration, lean body
mass, and grip strength was confirmed using Pear-
son’s correlation coefficient or Spearman’s rank
correlation coefficient, depending on whether the
data were normally distributed. Descriptive statis-
tics are presented as mean * standard deviation,
and the significance level was set at p < 0.05. Statis-
tical analyses were performed using SPSS version
28 (IBM Corp., Armonk, NY, USA).

Results

A total of 14 patients in both groups (7 in the
intervention group: 53.2 = 18.2 years, 7 in the control
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group: 58.6 + 15.3 years) were included (Figure 1),
excluding the patient who was hospitalized due to
dehydration without exacerbating heart failure, 2
patients who participated significantly less in nutri-
tional guidance and exercise therapy, and 2 patients
who were unable to measure multiple items.

The characteristics of all the analyzed subjects
are shown in Table 1. There were no significant
differences in the physical characteristics between
the two groups. There was also no significant
difference in diseases subject to cardiac rehabilita-
tion between the two groups, nor was there a
significant difference in left ventricular ejection
fraction, a measure of cardiac function. Regarding
medication status, two patients in the intervention
group were taking diuretics before the interven-
tion, but one of them finished one month after the
intervention, and the other reduced the dose imme-
diately after the start of this study. There was no
difference between the two groups in f-blocker
use or other medications.

Participation rate of cardiac rehabilitation

The average participation rate for cardiac reha-
bilitation was 83.9 % in the intervention group and
905 % in the control group, with no significant
differences between the two groups.

Nutrient intake

The weight-adjusted nutrient intakes before and
six months after the intervention are shown in
Table 2. Only in the intervention group, protein
intake increased significantly from 1.00 = 0.16 g/kg
to 1.32 £0.31 g/kg after six months compared to
pre-intervention (p =0.003), and confirmed the
interaction effect (p =0.002). Estimated leucine
intake also increased significantly from 70.58 + 16.83
mg/kg to 94.85 + 26.78 mg/kg after six months
compared to pre-intervention (p =0.004), indicated
an interaction effect (p =0.005). Regarding lipid
content, only the intervention group showed a signif-
icant increase after six months compared to pre-in-
tervention (p = 0.045), but there was no interaction
between the two groups. In the control group,
there were no changes in protein, estimated leucine
intake, or lipid intake. Energy and carbohydrate
content did not change significantly between the
two groups. In terms of food intake, meat intake
increased significantly in the intervention group
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Judged to be eligible to participate in the study
86 cardiac rehabilitation patients

67 people who
refused to participate

19 people who agreed

Intervention group (n = 10)

Control group (n = 9)

Exclude
Patients hospitalized due
to dehydration (n=1)
Patients who participated
significantly less in
nutritional guidance and
cardiac rehabilitation (n=1)

Exclusions in analysis
ltems that could not be
measured Multiple patients
(n=1)

Exclude
Patients who participated

| — significantly less in cardiac

rehabilitation (n=1)

Exclusions in analysis
ltems that could not be
measured Multiple
patients (n=1)

v

Analysis target (n=7)

Analysis target (n=7)

Figure 1 Flowchart of this study

after six months compared to pre-intervention
(p = 0.033). The intakes of fish, eggs, soy, and dairy
products did not change during the intervention
period in either group, and no interaction effects
were observed.

Hematological tests
There were no significant differences in the
plasma amino acid concentrations between the two

groups prior to the intervention. No significant
differences were found between the two groups in
other blood collection parameters before the inter-
vention. Six months after the intervention, the
plasma concentrations of amino acids (EAA, BCAA,
and leucine) were not statistically different, and
there was no interaction effect, although the values
of EAA, BCAA, and leucine were higher in the
intervention group (Supplement 1). The rate of
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Table 1 Characteristics of the subject

Control group (n=7) Intervention group (n=7) P
Age: Years 586 = 15.3 530 = 182 0.559
Height: cm 1657 + 74 1623 + 64 0.374
Weight: kg 74.2 £ 140 66.9 £ 13.1 0.334
BML kg/m? 270 = 46 255 +52 0576
Systolic blood pressure: mmHg 122.3 = 15.0 116.3 = 19.6 0532
Diastolic pressure: mmHg 78.7 £ 20.3 76.6 £ 10.3 0.565
left ventricular ejection fraction: % 64.6 £ 6.1 644 £ 113 0.388
Disease
Angina pectoris 2 2 1.000
Myocardial infarction 1 2 1.000
Chronic heart failure 1 1 1.000
Auricular fibrillation 1 0 1.000
Postoperative valvular heart disease 2 1 1.000
Postoperative ascending aorta replacement 0 1 1.000
Postoperative congenital heart disease 0 1 1.000
Medication
Antihypertensive drugs 7 6 1.000
Diuretics 0 2 0462
Antithrombotic drugs 7 4 0.192
Cardiotonic drugs 1 0 1.000
Drugs for dyslipidemia 6 5 1.000
Diabetes medications 2 0 0462
Hyperuricemia drugs 1 1 1.000

Amino acid concentration in the plasma

EAA: nmol / mL 1070.3 + 127.6 10206 + 123.8 0474
BCAA: nmol / mL 4944 +70.2 462.3 = 80.7 0.443
Leucine: nmol/mL 1482 = 22.3 1382 = 26.7 0.464

Mean = standard deviation or Number of cases (the number of people)
The p-value was calculated using Fisher’s exact test for categorical variables for and t-test or Mann-Whitney U test for continuous

variables.
Diseases were included for all applicable diseases.

BMI; Body Mass Index, BCAA; Branched-chain amino acids, EAA; essential amino acids.

change in EAA, BCAA, and leucine levels (100 x
results after 6 months/results before intervention—
100) also increased in the intervention group, but
no significant difference was observed (Figure 2).
On the other hand, histidine showed only signifi-
cant change among intervention duration (p = 0.002,
Supplement 1). However, only in the intervention
group, histidine concentration significantly increased
from 31.40 + 39.18 nmol/mL to 79.50 £ 12.66 nmol/
mL after 6 months compared to before intervention
(p =0.008). There were no significant differences
between the two groups before and after interven-
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tion for cystatin C and estimated glomerular filtra-
tion rate (e-GFRcys), human brain natriuretic
peptide precursor N-terminal fragment (NT-pro
BNP), and lifestyle-related parameters (HbAlc,
UA, LDL-C, HDL-C, and TG) (Supplement 2).

Body composition and grip strength

Body weight changed from 73.3 £ 7.3 kg to 729 +
7.0 kg and grip strength changed from 28.7 + 6.8 kg
to 30.5 = 7.3 kg in the intervention group, but there
was no significant change in either group before
and after the intervention. However, only in the
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Table 2 Results of dietary survey

Control group (n=7) Intervention group (n=7) Intervention
. Group Interaction
Before the After 6 . Before the After 6 . Duration Pt »*
intervention months intervention months »*
Energy/ Weight 2512 496 2517 =405 0970 2372 + 447 2610 £539 0143 0.278 0.919 0.301
(kcal/kg)
Carbohydrate content/: 0., (77 9982053 0941 314095 314=081 0984 0947 0648 0970
Weight (g/kg)
Fat Cor(l;rl‘:g/ )W cight 1054020 091+023 0667 084=018 103022 0045 0229 0982 0083
Protein C?;/ti‘;/ Weight 1102018 094018 0097  100+016 132031 0003 0186 0160 0002
Esti leuci /
stimated leucine content/ .\ 9109 7000 + 1407 0251 7058 + 1683 9485 + 2678 0004 0117 0402 0005
Weight (mg/kg)
Protein mass by food group
Seafood l(ztflfge)/ Weight 100+ 045 108+062 0525  080+048 120010 0050 0304 0531 0.069
Meat mg;fﬁ; )Welght 110 =046 095 +032 0633 124+060 197 +122 0033 0.201 0.102 0.063
Fee m(t;flf; fvelght 064 %050 072+030 0627  063+032 094=047 0071 0.105 0591 0.316
S duct intake/
O product mtate 183+ 130 057066 0117  060+045 181 =230 0718 0964 0994 0032
Weight (g/kg)
Dairy product intake/ 70 1 or 1694073 0972 180105 234+190 0321 0493 0579 0.464
Weight (g/kg)
Mean =+ standard deviation
*The p-value for within-group comparison was calculated using a paired t-test.
#The p-value between groups was calculated using a two-way repeated-measures ANOVA.
Interactions were assessed by the duration of intervention X groups.
intervention group, lean body mass increased ] )
Discussion

significantly from 47.3 = 85 kg to 48.0 + 8.6 kg after
six months compared to pre-intervention (p = 0.033)
and confirmed an interaction effect (p =0.033). In
the control group, there were no changes in lean
body mass (Supplement 3). In addition, the rate of
change in lean body mass was significantly higher
in the intervention group compared to the control
group (p = 0.035, Figure 3).

Plasma leucine concentration, lean body mass,
and rate of change in grip strength

The rate of change in plasma leucine concentra-
tion and the that in lean body mass were positively
correlated only in the intervention group (r = 0.777,
p = 0.040, Figure 4). In the intervention group, the
rate of change in plasma leucine concentration was
also positively correlated with the rate of change in
grip strength (p = 0857, p = 0.014, Figure 4).

This is the first study to show that nutritional
guidance focused on leucine over a six-month period
in patients undergoing maintenance cardiac reha-
bilitation may increase lean body mass. In addition,
these results are also considered important in that
they are the first research findings in nutritional
guidance.

A previous study reported that skeletal muscle
index and grip strength improved after eight
weeks of intervention in a group of older post-
stroke patients who received a high leucine-con-
taining amino acid supplement in addition to reha-
bilitation, compared to a group that received only
rehabilitation?”. Furthermore, it has been reported
that in older patients with sarcopenia, 13 weeks of
supplementation with leucine, vitamin D, and other
nutrients resulted in a significant increase in lean
body mass compared with placebo intake?®. While
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Figure 2 Rate of change in plasma concentrations of EAA,
BCAA, leucine

The rate of change was calculated as 100 X results after six
months/results before intervention-100.

BCAA; Branched-chain amino acids, EAA; essential amino
acids.

The p-value was calculated using an unpaired t-test.

previous studies have suggested the potential for
increased lean body mass and improved muscle
strength with leucine supplementation, this study
revealed that similar effects may occur with nutri-
tional guidance focused on leucine when it comes to
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Figure 3 Rate of change in lean body mass
The rate of change was calculated as 100 X results after six
months/results before intervention—-100.
The p-value was calculated using an unpaired t-test.

increasing lean body mass.

On the other hands, no significant changes in
grip strength observed as a result of the interven-
tion. However, grip strength increased by approxi-
mately 6.3% in the intervention group and 2.6% in
the control group after the intervention compared
to before the intervention, with the difference being
greater in the intervention group. This study had a
small number of subjects. Therefore, it is likely that
grip strength in the intervention group increased
numerically after the intervention compared to the
control group, but no difference in the overall
average value. Furthermore, it is possible that
there were individual differences in results, as
some subjects in the intervention group showed a
significant improvement in grip strength results
after the intervention, while others showed a slight
decrease. This may also be relevant to the results
of this study.

The results of this study showed that nutritional
guidance focusing on leucine increased plasma
leucine concentrations in 5 of the 7 patients. Among
them, those with the largest increases not only
increased lean body mass, but also improved grip
strength (Figure 4, Supplement 4). Three patients
were able to significantly increase plasma leucine
concentrations: case A: Before the intervention, a
22-year-old male’s diet consisted of bread and
yogurt for breakfast, single dishes such as rice balls
and sandwiches for lunch, and an assortment of
staples, main dishes, and side dishes for dinner,
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Figure 4 Plasma leucine concentration, lean body mass, and rate of change in grip strength
The rate of change was calculated as 100 X results after six months/results before intervention—100.
The p-value was calculated using the Pearson product-moment correlation coefficient or Spearman’s rank correlation coefficient.
a: Five of 7 participants in the intervention group had elevated plasma leucine concentrations and increased lean body mass
after the intervention. Conversely, one out of seven control patients had elevated plasma leucine concentrations and lean body
mass after the intervention. In addition, only the intervention group showed a significant positive correlation between plasma
leucine concentration and rate of change in lean body mass.
b: Four of 7 patients in the intervention group had elevated plasma leucine concentrations and increased grip strength after the
intervention. Conversely, in the control group, two out of seven patients had increased plasma leucine levels and lean body after
the intervention. In addition, there was a significant positive correlation between the plasma leucine concentration and the rate
of change in grip strength only in the intervention group.
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with lunch being particularly simple. After the
intervention, he began to consume more meat and
fish at lunch and added soy products to dinner in
addition to increasing meat and fish intake. The
person in the upper right corner of the interven-
tion group in Figures 4a and 4b is case A. Case B:
Before the intervention, a 38-year-old man often
ate granola with milk for breakfast, products such
as commercial curry and vegetable dishes such as
salads for lunch, and staple foods, main dishes, and
side dishes for dinner. After the intervention, he
added chicken tender and yogurt to breakfast,
began consuming meat and fish at lunch, and
increased meat and fish intake at dinner. Case C:
Before the intervention, a 66-year-old woman
consumed a well-balanced diet of staple foods,
main dishes, and side dishes at home, but the
amount was small overall, and she ate whatever
she liked when eating out. After the intervention,
she was able to regulate the amount of food eaten
at home and choose when eating out. Three patients
had been particularly concerned about eating meat
and fish before this study. It has also been reported
that animal protein is an efficient source of leucine®.
In fact, two of three patients listed above increased
their meat and fish intake after the intervention,
while the other one did not increase after the inter-
vention as fish intake was already secure to begin
with, but meat intake did increase. Moreover, the
increase in intake of protein—sourced foods in the
three participants was greater than in the others,
and their diets remained stable throughout the
study period. Therefore, establishing a diet that
increases intake of protein-sourced foods, espe-
cially animal protein, may contribute to increased
lean body mass and improved grip strength.
However, despite these changes, increasing dietary
leucine intake did not significantly increase plasma
leucine concentrations in the intervention group.
Plasma leucine concentrations have been reported
to be maintained longer with higher leucine intake?”.
On the other hands, relationships with lipids in the
diet®®, relationships with dietary fiber’?, relation-
ships with dietary forms®, and relationships with
lean body mass have also been reported®”. There-
fore, it is expected that an increase in leucine intake
would lead to an increase in plasma leucine concen-
trations, but there may be variability.
Furthermore, another reason why the plasma
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leucine concentration did not rise much after the
intervention may be that the plasma leucine
concentration before the intervention was not low
in the intervention group. Although few studies
have examined blood amino acid concentrations in
Japanese patients with heart disease, it has been
reported that the mean blood leucine concentration
was 119.6 nmol/L in older patients with heart
disease (mean age: 73.1 = 94 years, mean BMI: 22.9
+32kg/m2)% and 125.8 = 22.7 nmol/L in patients
with heart failure with frailty (mean age: 68 * 12
years, mean BMIL: 224 + 47 kg/m2)3?. In patients
without cardiac disease, blood leucine levels were
reported to be 140.1 nmol/L in patients with hyper-
tension and other diseases (mean age: 69.1 +94
years, mean BMI: 244 + 34 kg/m2)*, and in persons
of similar age and body size as in this study (mean
age: 57.0 = 0.6 years, mean BMI: 27.6 kg/m2) reported
1355 = 1.2 nmol/L%®. Although there are differ-
ences in blood leucine concentration to previous
studies, the mean pre-intervention blood leucine
concentration of the patients in this study (mean
age 53.0 = 182 years, mean BMI: 255 + 52 kg/m2),
was 1382 + 26.7 nmol/L in the intervention group,
suggesting that their blood leucine concentrations
were not low. The participants in this study had a
high BMI and a tendency to overeat before this
study, which also likely ensured that they had
some leucine intake on a daily basis. This may also
have been influenced by the fact that the patients
received nutritional guidance during their hospital-
ization (either during acute or convalescent cardiac
rehabilitation) and were less likely to have extreme
bias in their diets. Therefore, post-intervention
increases in plasma leucine concentrations may have
been limited. On the other hand, in these patients,
plasma leucine concentrations not only did not
increase but also did not decrease after the inter-
vention. Nutritional guidance focusing on leucine
intake may have improved the efficiency of leucine
intake. Therefore, even if there was a tendency to
overeat before the intervention, the efficient intake
of leucine would not have led to a reduction, if not
an increase, in plasma leucine concentrations after
the intervention.

In addition, although no change was observed in
plasma leucine concentration, plasma histidine
concentrations increased over time in the interven-
tion group. Participants in the intervention group
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were increased their intake of soy products, which
are said to contain antioxidants®®, after the inter-
vention compared to before the intervention. The
previous studies have reported a negative correla-
tion between the amount of oxygen peroxide, a
type of oxidative stress, and blood concentrations
of histidine, which is also thought to inhibit oxida-
tion®”. Therefore, it is possible that the intake
increasing soya products affected increasing plasma
histidine concentrations.

This study has several limitations. First, owing
to the small number of examinees, it is necessary to
consider generalization. However, by providing
careful nutritional guidance to the intervention
group, we were able to reduce the number of drop-
outs during the six-month intervention trial. Second,
the measurement conditions in this study were not
unified. In the future, it will be necessary to stan-
dardize the amount of physical activity and meal
intake time during rehabilitation at hospitals. Third,
participants were provided nutritional guidance
using pictures of meals three days, not a daily, a
week. Moreover, nutritional guidance in this study
was provided at least twice a month, not daily.
Although these aspects are generally practiced
within the Japanese insurance coverage which
effectiveness is well known, in clinical setting, it
would be usually discussed about whether the
patient complies about meals on other days and
whether more frequency of nutritional guidance is
more effective. On the other hand, the fact that
some patients could change their behavior with
nutritional guidance only focusing on content of
diet despite such restriction of Japanese insurance
system is clinically very important in aspect of
patient’s behavioral change. Therefore, we would
like to consider increasing the number of days for
dietary surveys and frequency of nutrition guid-
ance in the future. Finally, in this study, all partici-
pants were outpatients and some of them had
normal fitness and muscle strength. Therefore, it
may have been difficult to generate differences in
strength result in leucine intake alone in all partic-
ipants in this study. The effects of leucine supple-
mentation on muscle strength have been reported,
but much of the research has focused on people
with low muscle strength®®. In the future,
approaches to leucine intake should be considered
for patients with a maintained ejection fraction

who have some fitness and muscle strength, while
considering rehabilitation menus.

Conclusions

In the patients undergoing maintenance cardiac
rehabilitation, increased plasma leucine concentra-
tion by nutritional guidance focused on leucine
increased lean body mass without any increasing
the training load.
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Control group (n=7) Intervention group (n=7)

Intervention

Before the Before the Duration Group. - Interaction
intervention After 6 months infervention After 6 months P P P
EAA

Leucine (nmol/mL) 14819 = 2233 146.07 = 26.88 13824 £ 2668  170.04 = 45.34 0.147 0.623 0.102
Isoleucine (nmol/mL) 82.34 £ 17.36 7559 * 16.76 76.04= 17.71 94.17 = 28.11 0.341 0.524 0.051
Valine (nmol/mL) 26386 + 39.60  254.50 * 47.50 249.03 + 3821 30354 + 71.00 0.190 0459 0.074
Histidine (nmol/mL) 46.06 = 43.11 85.29 = 10.08 3140 = 39.18 79.50 = 12.66 0.002 0.395 0.701
Lysine (nmol/mL) 194.16 = 2243 19350 = 3940 201.63 + 4380  229.26 + 50.50 0.112 0.304 0.097
Methionine (nmol/mL) 29.51 = 556 2844 =926 26.27 = 347 35.07 = 1245 0.153 0.657 0.075
Phenylalanine (nmol/mL) 7291 = 12.93 71.74 = 15.25 66.91 = 15.83 80.96 = 2142 0.099 0.847 0.056
Threonine (nmol/mL) 13751+ 3570  134.34 = 27.96 12870 = 1877 14543 = 2373 0419 0.927 0.243
Tryptophan (nmol/mL) 60.57 = 11.10 60.83 = 1340 58.89 = 10.50 69.11 = 15.25 0.064 0.609 0.076

NEAA
Serine (nmol/mL) 10871 £1990 11566 = 29.78 112.04 = 2248  123.26 + 3041 0.075 0.684 0.654
Asparagine (nmol/mL) 50.11 = 6.35 50.79 = 10.99 45.66 = 5.02 59.73 = 21.55 0.117 0.625 0.154
Aspartic acid (nmol/mL) 487 = 1.15 473 = 0.86 5.06 = 1.17 550 = 1.94 0.662 0.465 0.399
Glutamine (nmol/mL) 53514 £ 615  549.01 + 74.00 58146 + 6823  568.69 + 101.72 0.956 0431 0.193
Glutamate (nmol/mL) 6340 = 12.52 63.07 = 16.85 64.29 = 15.37 6444 = 17.70 0973 0.891 0922
Alanine (nmol/mL) 431.76 £ 9352 42667 £ 10528 42390 = 10667 44756 + 88.61 0.636 0.897 0.467
Tyrosine (nmol/mL) 7359 £ 11.97 73.31 £ 9.08 69.37 = 1145 87.01 = 27.02 0.104 0.596 0.174
Arginine (nmol/mL) 8349 + 18.38 7593 + 23.839 88.76 = 14.08 98.96 + 21.46 0.853 0.101 0.226
Cysteine (nmol/mL) 31.87 £ 452 31.36 + 6.99 24.66 = 6.54 2443 £ 927 0.936 0.055 0.835
Glycine (nmol/mL) 203.06 + 4292  219.11 =+ 50.87 20661 + 5339  204.24 £ 57.15 0.35 0.839 0.215
Proline (nmol/mL) 239.74 £ 9022 23509 * 5752 194.26 = 3508 21350 = 51.92 0.614 0.285 0413
Total BCAA (nmol/mL)  494.39 + 7021  476.16 + 8321 462.31 + 80.67 567.76 + 143.72 0.175 0.505 0.063
Total EAA (nmol/mL)  1070.29 + 127.63 1050.30 = 15201  1020.60 + 123.83 1207.09 + 246.86 0.134 0487 0.069

Mean * standard deviation

The p-value was calculated using a two-way repeated-measures ANOVA.
Interactions were assessed by the duration of intervention X groups.

EAA; essential amino acids, NEAA; non-essential amino acids, BCAA; branched-chain amino acids.
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Supplement 2 Blood test values other than amino acids

Control group (n=7) Intervention group (n=7) Intervention
Before the Before the Duration Group  Interaction
intervention After 6 months intervention After 6 months P P P

Hb (g/dL) 14.56 + 1.83 14.69 £ 1.28 1470 = 1.34 14.29 = 1.07 0.490 0.862 0.201
Cystatin C (mg/L) 0.96 + 0.18 096 + 0.14 094 + 0.08 090 + 0.12 0.293 0.550 0.214
e-GFRcys (ml/min) 80.06 = 20.11 78.09 = 1545 79.63 = 14.50 85.57 = 20.73 0.131 0.737 0.760
HbAlc (%) 6.01 + 0.67 6.01 = 053 561 = 0.29 569 + 0.34 0.394 0.180 0.394
UA (mg/dL) 554 + 1.07 5.04 = 0.60 510 = 1.38 484 + 1.15 0.097 0.563 0.574
y-GTP (U/L) 3529 + 23.31 35,57 = 18.35 76.29 = 9042 67.14 = 69.71 0.436 0.265 0.408
TC (mg/dL) 176.71 £ 3736 17529 + 41.77 17457 £ 4795  163.00 = 33.81 0.188 0.739 0.297
TG (mg/dL) 132.86 £ 7493  159.29 + 7447 13429 + 3811  141.29 + 60.75 0.219 0.798 0.465
HDL-C (mg/dL) 58.00 = 19.06 5743 = 16.34 53.86 = 9.39 5229 + 812 0.584 0.533 0.797
LDL-C (mg/dL) 89.57 + 4147 87.86 + 3855 9443 + 46.52 84.71 = 37.83 0.186 0.969 0.345
TP (g/dL) 6.81 = 0.28 6.93 £ 0.39 704 + 042 6.90 = 0.13 0.878 0515 0.182
Alb (g/dL) 420 + 0.26 426 + 027 441 +0.30 434 +0.14 0.885 0.249 0.208
NT-pro BNP (pg/mL) 21330 = 27572 17521 + 200.51 69.08 = 65.05 8042 + 66.48 0463 0.260 0.188
Serum iron (ug/dL) 97.86 + 43.20 11443 + 64.54 82.86 + 18.09 93.57 = 30.65 0.051 0430 0.650
Ferritin (ng/mL) 175.00 £ 14150  175.14 + 150.61 22029 + 9427 21714 + 87.50 0.900 0.508 0.891
CRP (mg/dL) 0.10 = 0.09 0.15 = 0.21 040 £ 0.71 0.10 £ 0.13 0.313 0461 0.190

Mean =* standard deviation

The p-value was calculated using a two-way repeated-measures ANOVA.
Interactions were assessed by the duration of intervention X groups.

Alb; albumin, CRP; C-reactive protein, e-GFRcys; Estimated glomerular filtration rate (cystatin C), Hb; hemoglobin, HbAlc; hemoglobin
Alc, HDL-C; HDL cholesterol, LDL-C; LDL cholesterol, NT-pro BNP; Human cerebral natriuretic peptide precursor N-end fragment, TC;
Total cholesterol, TG; triglycerides, TP; Total protein, UA; uric acid, y-GTP; y glutamyl transpeptidase.

Supplement 3 Results of lean body mass and grip strength

Control group (n=7) Intervention group (n=7)

Intervention

Before the After 6 Before the After 6 . Group Interaction
. . . . Duration u M
intervention months »* intervention months P » D y
Mean = SD  Mean += SD Mean = SD  Mean += SD
Lean body mass (kg) 535 £ 6.9 53372 0.334 473 =85 480 = 86 0.033 0.343 0.195 0.033
Grip strength (kg) 344 77 353 = 64 0.442 28.7 £ 6.8 305 =73 0.111 0.101 0.185 0.526

Mean =* standard deviation

*The p-value for within-group comparison was calculated using a paired t-test.

#The p-value between groups was calculated using a two-way repeated-measures ANOVA.
Interactions were assessed by the duration of intervention X groups.
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Supplement 4 Results of plasma leucine concentration, lean body mass, and grip strength in the intervention group (Cases A,
B, C, subjects with significantly elevated plasma leucine concentration) and other subjects (Cases D, E, F, G)

Rate of change in

Gender Age BMI plasma leucine Lean body mass (kg) Grip strength (kg)
concentration (%)
Case A man 22 17.3 84.3 415 — 433 245 — 32.8
Case B man 38 292 40 624 — 639 36.3 = 395
Case C woman 66 312 273 420 —42.8 228 — 243
Case D man 45 22.3 16.8 479 — 484 315 — 305
Case E man 68 24.8 -15 554 — 55.0 39.0 — 40.0
Case F woman 66 224 111 406 — 41.8 243 — 248
Case G woman 66 311 -8.3 416 — 414 22.8 — 220

The rate of change was calculated as 100 X results after six months/results before intervention-100.
BMI; Body Mass Index.
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The Impact of Exercise and Health Management on Workplace Creativity
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Objectives: This study aimed to investigate Japan's service sector employees to determine whether employee creativity is
associated with the provision of a fitness program (that encourages employees to perform physical exercise) or a health and
productivity management (H&PM) program at the workplace.
Design: This was a cross-sectional study.
Methods: A nationwide online survey was conducted using stratified sampling. Data were obtained for respondents’ demographic
characteristics, subjective health, exercise frequency, and organizational wellness support. Workplace creativity, psychological
safety, and leadership were evaluated using standardized scales. A binary logistic regression was performed to examine the
relationship between organizational wellness support programs and workplace creativity.
Results: Respondents were 1,955 full-time employees in private-sector organizations (979 men and 976 women; mean age 40.30
+ 10.85). Workplace creativity was significantly more likely respondents whose employers provided a fitness program (adjusted
OR =186, 95% CI=1.39-248, p<001) or an H&PM program (adjusted OR = 2.07, 95% CI =1.53-2.80, p<.001). Furthermore,
workplace creativity was significantly more likely in employees who perceived themselves as rather healthy or healthy.
Employees who exercised frequently over the past year were more likely to display creativity than those never exercised.
Conclusions: Workplace creativity was associated with good subjective health, high exercise frequency, and organizational
wellness support programs offered by employers. Human resource management for employees’ fitness and health is crucial for
cultivating the productivity and innovation necessary for business success.

Key words: employee health, workplace creativity, exercise, health and productivity management

amid a lack of innovation?. This is a particularly

Introduction important issue in Japan's industry (the service

In Japan, the Third Sport Basic Plan was formu-
lated on March 25, 2022. The new plan outlines the
specific policies and targets to be advanced by the
government and other organizations over the next
five years (2022/4 to 2027/3)V. The plan has been
designed to ensure the legacy of the Tokyo 2020
Olympic and Paralympic Games and to facilitate
the growth of the sports industry among others.
However, for Japan to achieve economic growth, a
major hurdle must be overcome: low productivity

sector)?, which employs around 70% of the coun-
try’s working population and encompasses the
sports and health sectors®. Moreover, as an imped-
iment to innovation, around half of the companies
in a government survey revealed that they lacked
talented workers?. While there is a growing focus
on using digital technology in the workplace, Furu-
kawa et al. notes that human knowledge and human
skills are all the more important in a volatile busi-
ness environment?. Amabile et al. defined creativity
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as the production of novel and useful ideas in any
domain, and innovation as the successful implemen-
tation of creative ideas within an organization?. In
this light, individual and team creativity is a
starting point for innovation. Considerable evidence
suggests that employee creativity can substantially
contribute to organizational innovation, effective-
ness, and survival®”. When employees exhibit
creativity at work, they produce novel, and poten-
tially useful, ideas about organizational products,
practices, services, or procedures®>®. Thus, in the
workplace, both individual and team creativity is
essential for addressing all manner of workplace
problems; as such, it will become an increasingly
important priority for all organizational layers in
the service sector”. Therefore, there is an increasing
need for a greater understanding of the contextual
factors that may enhance or diminish employees’
creativity as well as the interaction between personal
characteristics and work environment®'?. Further,
it is important to identify the role of leadership in
encouraging employee creativity®'”. Another concept
gaining increasing attention in the corporate sector
is psychological safety (as defined by Edmondson,
1999) 1V, Studies have shown that psychological safety
correlates positively with creativity, and that effec-
tive leadership facilitates both psychological safety
and employee creativity in the workplace!?9,
Japan has shown interest in organizational support
for employee wellness, inspired by the ideas in The
Healthy Company (Rosen, 1992)'”. In this context,
Japan sports agency (MEXT) led a wellness program
named the Sports Yell Company program'®. Along-
side this, there are company-level “health and
productivity management” (H&PM) programs,
which align with a model of employee wellness
promoted by the Ministry of Economy, Trade and
Industry (METI) 9. Previous studies have revealed
that, companies with an effective H&PM program
tend to have better stock performance® . Given
the well-demonstrated association between employee
health (as measured by absenteeism, for instance)
and productivity (as measured by presenteeism, for
instance), greater corporate interest in employee
health will lead to more positive outcomes. However,
thus far, the literature has focused on outcomes
such as return on (or loss on) investment in health,
productivity measures, and health problems?3V;
few studies have measured creativity in a work-

place context or changes in employee attitudes and
behaviors. Some reports suggest that physical exer-
cise positively affects creative thinking, creative idea
generation, and cognitive processing?3¥. However,
systematic reviews concluded that further research
is necessary to obtain clear evidence of the associ-
ation between exercise and creativity**®. The
present study was motivated by the following idea:
if it was demonstrated that employee creativity is
greater in workplaces with wellness programs, this
would offer the corporate sector a greater incen-
tive to invest in human resource management for
employee health, ultimately leading to greater inno-
vation.

To this end, we conducted a cross-sectional study
on employees in the service sector to determine
whether employee creativity is associated with the
provision of either one or both of the following
types of organizational wellness support: a fitness
program (a program encouraging employees to
engage in physical exercise) and an H&PM program.

Method

Sample and procedure

A nationwide online survey was conducted using
stratified sampling, including individuals who were
aged 20-59 and employed full time in private-
sector organizations, classified as tertiary industry
(service sector) employers by the Ministry of
Internal Affairs and Communications. The study
sample comprised participants selected from the
panel registered with Cross Marketing, Inc., a
leading marketing research agency in Japan. The
survey was conducted between October and
November 2022. Before starting the online survey,
the participants were presented with a webpage
detailing the rationale, objective of the survey,
ethical considerations and stating that their anonymity
would be safeguarded. The participants were then
invited to click on an “agree” button to indicate
their informed consent to participate in the survey.

Survey data cleaning was performed to eliminate
data from respondents whose responses could bias
the results. Specifically, we identified and removed
straight liners (respondents who chose the same
answer option repeatedly) and set a trick question
(a question designed to “trap” respondents who
were not paying attention).
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Measures
Participant characteristics

The following participant attributes were obtained:
gender, age, education (highest level of education),
marital status, parental status (whether the person
has any children), age of the youngest (or only)
child (f any), managerial status (whether the
person has a management title), work hours, occu-
pation, subjective health, exercise frequency, and
whether wellness support was provided in the
workplace. Subjective health was rated on a 4-point
scale, with the following answer options: unhealthy,
rather unhealthy, rather healthy, and healthy. For
exercise frequency, respondents described how
frequently they had engaged in an exercise session
lasting at least 30 minutes, over the past year; the
answer options were: never, one to three days a
year, four to eleven days a year, one to three days
a month, one to two days a week, and at least three
days a week. To determine whether organizational
wellness support was provided, the following ques-
tions were presented: “Does your workplace
provide a fitness program?” and “Does your work-
place provide a H&PM program?” In both cases,
respondents could answer “yes,” “no,” or “unsure.”

Workplace creativity

Creativity in the workplace was measured using
a six-item scale by Maruyama and Fuji (2022)39,
based on the original scale by Carmeli and Schau-
broeck (2007) that measures creative involvement
at work'?. Each item contained a statement rated
on a 7-point scale to indicate level of agreement
(absolutely disagree to strongly agree). The items
(as translated from Japanese) were as follows: “I

”

exhibit originality at work,” “I take risks to generate
new ideas needed in my work,” “I'm prepared to
change existing work procedures and methods and
I look for new ways to use equipment,” “I resolve
the issues that entail difficulties,” “I try out new
ideas when approaching problems,” and “I generate
ideas that are unprecedented but useful for work.”
Based on their total scores for the six items, the
respondents were divided into quartiles, with the
top 25% categorized as the high creativity group
and the remaining 75% as the non-high creativity
group.
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Workplace culture and leadership

The previous study suggests that employees’
creativity is moderated by contextual factors such
as workplace culture and leadership, as well as by
intra-individual factors®*?. To evaluate workplace
culture, we used Edmondson’s (1999) Team Psycho-
logical Safety Scale!”. To assess leadership, we
used Walumbwa et al’s (2008) Authentic Leader-
ship Questionnaire®. The Team Psychological Safety
Scale consists of seven items, each rated on a
7-point scale (from “completely disagree” to “abso-
lutely agree”). The items were prefaced with the
following statement: “We will ask you about your
team (workplace, department, store members) with
which you usually work.” The Authentic Leader-
ship Questionnaire consists of 16 items, each rated
on a 5-point scale (from “not at all” to “frequently,
if not always”) and prefaced with the following
statement: “The following survey items refer to
your leader’s style, as you perceive it. Judge how
frequently each statement fits his or her leadership
style using the following scale.”

Ethical considerations

This study was approved by the research ethics
committee of the Japan Women'’s College of Phys-
ical Education (Application Number: 2022-20).

Statistical analysis

A binomial logistic regression was performed,
with the explanatory variables being subjective
health, exercise frequency, and organizational well-
ness support, and the objective variable being
workplace creativity. We also set several moder-
ator variables (confounders) on the premise that
the wvariables in question could affect workplace
creativity directly or indirectly. These moderator
variables included: gender, age, education, marital
status, parental status, managerial status, work
hours, occupation, psychological safety, and authentic
leadership. Using the adjusted odds ratios for these
items, we could control the confounding factors.
IBM SPSS version 28 for Windows was used for
statistical analysis.

Results

Participant attributes
Table 1 shows the attributes of participants. The
cleaned survey data comprised 1,955 respondents



Juntendo Medical Journal 70(1), 2024

employed full-time in private-sector organizations
classified as tertiary industry companies. In total,
there were 979 men (50.1%) and 976 women
(49.9%); 958 (48.0%) respondents were married.
Furthermore, 673 (344%) respondents had chil-
dren; the youngest (or only) child was aged below
6 in 206 (10.5%) cases, 6-11 in 118 (6.0%) cases,
12-17 in 140 (7.2%) cases, and 18 or above in 209
(10.7%) cases. The respondents’ mean age was
40.30 = 10.85; 485 (24.8%) were in their 20s, 486
(24.9%) in their 30s, 488 (25.0%) in their 40s, and
496 (254%) in their 50s. Regarding education level,
384 (19.6%) had completed high school, 226 (11.6%)
technical/vocational college, 169 (8.6%) junior
college (or vocational high school), 1,077 (55.1%)
university (four-year undergraduate program), 66
(34%) a master’s program, 11 (0.6%) a doctoral
program, and 22 (1.1%) other. Regarding manage-
rial status, 598 (30.6%) participants had a manage-
ment title, while 1,357 (69.4%) were general employees
with no management title. Regarding work hours
per week, 1,349 (69.0%) participants worked for
less than 45 hours, 462 (23.6%) worked between 45
and 54 hours, 103 (5.3%) worked between 55 and
64 hours, and 41 (21%) worked for 65 hours or
longer. Regarding occupation, 301 (15.4%) partici-
pants worked in sales, 549 (28.1%) in admin/
accounts, 44 (2.3%) in HR, 57 (29%) in planning/
marketing, 60 (3.1%) in senior or middle manage-
ment, 269 (13.8%) in customer services, 286 (14.6%)
in specialized services, 184 (9.4%) in technical
services, and 205 (10.5%) in others.

Exercise frequency and organizational wellness
support

Table 2 shows the exercise frequency and orga-
nizational wellness support of participants.
Regarding subjective health, 140 (7.2%) respon-
dents answered “unhealthy,” 330 (16.9%) “rather
unhealthy,” 966 (494%) “rather healthy,” and 519
(265%) “healthy.” When asked how frequently
they had engaged in an exercise session lasting at
least 30 minutes over the past year, 879 (45.0%)
answered never, 175 (9.0%) answered one to three
days a year, 66 (3.4%) answered four to 11 days a
year, 154 (7.9%) answered one to three days a
month, 415 (21.2%) answered one to two days a
week, and 266 (13.6%) answered at least three
days a week. When asked whether their workplace

provided a fitness program, 1,393 (71.3%) partici-
pants said no, 294 (15.0%) said yes, and 268 (13.7%)
were unsure. When asked whether their workplace
provided a H&PM program, 1,030 (52.7%) partici-
pants answered no, 280 (14.3%) answered yes, and
645 (33.0%) were unsure.

Creativity at the workplace

A total of 502 respondents were classed as
creative, their total scores falling in the top quartile
of scores (M = 3048 = 3.27), while 1,453 were classed
as uncreative (M =1753=6.39). The two groups
were compared regarding their basic attributes
using a chi-squared test. The analysis revealed
significant inter-group differences for gender, age,
education, marital status, parental status, whether
the respondent had a managerial status, work
hours, and occupation (Table 1).

The two groups also differed significantly on all
items of subjective health, exercise frequency,
whether a fitness activity was promoted, whether
an H&PM program was promoted, Team Psycho-
logical Safety Scores, and Authentic Leadership
Questionnaire scores (Table 2). For the team
psychological safety scale and the Authentic Lead-
ership Questionnaire, following the precedent set in
the literature, using Welch'’s t-test.

Factors related to employee creativity in the
workplace.

Table 3 shows the results of the binomial logistic
regression analysis. Employee creativity in the
workplace was significantly more likely in respon-
dents who perceived themselves as rather healthy
(adjusted OR =214, 95% CI=123-371, p<01) or
healthy (adjusted OR =209, 95% CI=1.18-3.70,
$<.05) than those who perceived themselves as
unhealthy. Furthermore, workplace creativity was
significantly more likely in respondents who engaged
in an exercise session lasting at least 30 minutes for
one to three days a month (adjusted OR =190,
95% CI =1.26-2.86, p<.01), one to two days a week
(adjusted OR = 1.69, 95% CI = 1.26-2.27, p<.001), or
at least three days a week (adjusted OR =1.76,
95% CI=1.27-246, p<.001), than by those who had
never exercised in the past year. Of the exercise
frequency categories, “at least three days a week”
was associated with the greatest increase in adjusted
odds ratio. In addition, workplace creativity was

47



Hochi Y, Mizuno M: Workplace creativity and health management

Table 1 Differences in workplace creativity according to the participants’ attributes

Non-high Creativity

High Creativity

(n=1453) (n=502)
n % n % x?
Gender Male 688 474% 291 58.0% 16.83™
Female 765 52.6% 211 42.0%
Marital status Unmarried 769 52.9% 228 454% 841"
Married 684 471% 274 54.6%
Parental status No children 978 67.3% 304 60.6% 15.65*
< 6 years old 156 10.7% 50 10.0%
6-11 years old 84 5.8% 34 6.8%
12-17 years old 87 6.0% 53 10.6%
> 18 years old 148 10.2% 61 12.2%
Age 20s 383 264% 102 20.3% 8.90
30s 362 24.9% 124 24.7%
40s 356 24.5% 132 26.3%
50s 352 24.2% 144 28.7%
Education High school 307 21.1% 77 15.3% 40.36™
Technical/vocational college 176 12.1% 50 10.0%
Junior college (or vocational high school) 140 9.6% 29 5.8%
University (four-year undergraduate program) 765 52.6% 312 62.2%
Master’s program 40 2.8% 26 5.2%
Doctoral program 4 0.3% 7 1.4%
Other 21 1.4% 1 0.2%
Managerial status Yes 378 26.0% 220 43.8% 55.74*
No (general employee) 1,075 74.0% 282 56.2%
Working hours (per week) <45h 1,023 70.4% 326 64.9% 9.27*
45 h-54 h 337 23.2% 125 24.9%
55 h-64 h 67 4.6% 36 7.2%
>65h 26 1.8% 15 3.0%
Occupation Sales 212 14.6% 89 17.7% 62.14*
Admin/accounts 445 30.6% 104 20.7%
Human resources 26 1.8% 18 3.6%
Planning/marketing 29 2.0% 28 5.6%
Senior/middle management 30 2.1% 30 6.0%
Customer services 211 14.5% 58 11.6%
Specialized services 202 13.9% 84 16.7%
Technical services 137 9.4% 47 9.4%
Other 161 11.1% 44 8.8%

*p<.01, *p<.05.

significantly more likely in respondents whose dents whose employers did not provide either.
employers promoted fitness activities (adjusted OR
=1.86, 95% CI =1.39-248, p<.001) and those whose
employers provided an H&PM program (adjusted

OR =207, 95% CI = 153-2.80, p<.001) than in respon-

Discussion

This study examined survey data from employees
in the service sector to reveal how employee
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Table 2 Differences in workplace creativity according to exercise frequency and health management

Non-high Creativity High Creativity

(n=1453) (n=502)
n % n % Ve

Subjective health Unhealthy 122 8.4% 18 3.6% 18.92*

Rather unhealthy 256 17.6% 74 14.7%

Rather healthy 711 489% 255 50.8%

Healthy 364 25.1% 155 30.9%
Exercise frequency Never 717 49.3% 162 32.3% 50.39™

1-3 days/year 131 9.0% 44 8.8%

4-11 days/year 45 3.1% 21 4.2%

1-3 days/month 103 7.1% 51 10.2%

1-2 days/week 286 19.7% 129 25.7%

> 3 days/week 171 11.8% 95 18.9%
Promote fitness activities No 1,082 74.5% 311 62.0% 60.14*

Yes 165 11.4% 129 25.7%

Unsure 206 14.2% 62 12.4%
Health and productivity No 813 56.0% 217 43.2% 7097
management program Yes 152 105% 128 255%

Unsure 488 33.6% 157 31.3%
Psychological safety M (+SD) 452 (+.689) 5.03 (£.790) **
Authentic leadership M (+SD) 2.90 (£.754) 3.26 (+.849) *

arp< 01, *p<.05.

b The psychological safety and the Authentic Leadership were using Welch's t-test.

creativity is associated with exercise and organiza-
tional wellness support. Having controlled for certain
respondent attributes that could affect employee
creativity (gender, age, education, marital status,
parental status, managerial status, work hours,
occupation, psychological safety, and authentic
leadership), we found that employees’ creativity in
the workplace is associated with their subjective
health and whether the employer provides a fitness
program or an H&PM program. To the best of our
knowledge, this finding constitutes the first scien-
tific evidence of such an association.

Exercise and workplace creativity

Our survey revealed that, over the past year,
45% (879) of the respondents had never engaged
in an exercise session lasting at least 30 minutes,
while 34.7% (681) had done so at least one day a
week. In a 2022 survey on engagement in sport, the
Japan Sports Agency found that 47% of Japanese
men and women aged 20-59 engage in exercise at
least one day a week. However, the agency’s exer-
cise data pertained to general members of the

public, who may or may not have been employed
and who could have been employed in any kind of
job; the value of our data lies in the fact that it
specifically highlights exercise frequency among
people employed full-time in Japan’s private sector.
Our analysis revealed that workplace creativity
was significantly more likely to be exhibited by
employees who perceived themselves as rather than
by those who perceived themselves as unhealthy.
The literature on the relationship between employee
health and workplace productivity has shown that
effective organizational support for employee well-
ness, as measured by a decline in presenteeism
among other things, leads to higher workplace
creativity. Creativity was also significantly more
likely to be exhibited by employees engaged in an
exercise session lasting at least 30 minutes on one
to three days a month (adjusted OR =190, 95% CI
=1.26-2.86, p<.01), one to two days a week (adjusted
OR =169, 95% CI=126-2.27, p<.001), or at least
three days a week (adjusted OR =176, 95% CI =
1.27-246, p<.001) over the past year, than by those
who had never exercised in the past year; further-
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Table 3 Results of the binomial logistic regression analysis

Crude OR (95%CI) P-value Adjusted OR (95%CI) P-value

Subjective health Unhealthy 1.00 (Reference) 1.00 (Reference)

Rather unhealthy 1.96 (1.12-3.42) * 1.80 (0.99-3.27) n.s

Rather healthy 243 (1.45-4.07) - 2.14 (1.23-3.71) -

Healthy 289 (1.70-4.90) * 209 (1.18-3.70) *
Exercise frequency Never 1.00 (Reference) 1.00 (Reference)

1-3 days/year 149 (1.01-2.18) * 1.39 (0.93-2.09) n.s

4-11 days/year 207 (1.20-3.56) - 1.54 (0.86-2.75) n.s

1-3 days/month 219 (1.50-3.19) - 1.90 (1.26-2.86) -

1-2 days/week 2.00 (1.53-2.61) - 1.69 (1.26-2.27) -

2> 3 days/week 246 (1.82-3.33) - 1.76 (1.27-2.46) **
Promote fitness activities No 1.00 (Reference) 1.00 (Reference)

Yes 0.96 (0.70-1.30) n.s. 1.86 (1.39-2.48) -

Unsure 260 (1.80-3.74) - 1.03 (0.74-1.43) n.s
Health and productivity No 1.00 (Reference) 1.00 (Reference)
management program Yes 315 (2.39-4.17) " 207 (1.53-2.80) "

Unsure 1.21 (0.95-1.52) n.s. 1.03 (0.80-1.33) n.s

2 =p< 01, *p<.05; n.s.=non-significant; OR = Odds ratio; 95% CI = 95% confidence interval.
b Objective variable: workplace creativity (0 = non-high creativity, 1 = high creativity).
¢ The adjusted OR were intended to control for the following: gender, marital status, parental status, age, education, managerial status, work

hours, occupation, psychological safety, and authentic leadership.

more, the highest adjusted odds ratio was found for
those exercised “at least three days a month. The
Government of Japan is committed to the goal of
having 70% of the adult population engage in exer-
cise at least one day a week and having 50% engage
in exercise at least three days a week. In this
regard, our findings offer important insights for
employees in the service sector; exercising one to
three days a month is more effective for facilitating
creativity in the workplace than not exercising at
all. Other studies suggest that exercise can facili-
tate workplace creativity even at a low frequency,
provided that the physical activity is regular.
Specifically, one report suggested that even a single
exercise session can facilitate creative thinking®?;
other studies showed that habitual physical activity
has a moderate effect on creative ideation, and that
chronic physical activity interventions enhance

creativity®39,

Organizational wellness support and creativity
Our second main finding concerns the role of
organizational wellness support in employees’
creativity. We found that workplace creativity was
significantly more likely to occur among respon-
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dents whose employers promoted fitness activity
(adjusted OR =186, 95% CI=139-248, p<.001)
than among those whose employers did not.
Furthermore, creativity was significantly more
likely to occur among respondents whose employers
provided an H&PM program (adjusted OR = 2.07,
95% CI =153-2.80, p<.001) than among those whose
employers did not. Admittedly, these results offer
no precise insights into how such programs
contribute to individual employees’ behaviors and
health condition. Nonetheless, they do corroborate
the claim made in “The Healthy Company” that
companies with healthier workforces are more
profitable; that is, individual and team creativity
constitutes both the starting point for innovation
and a process for resolving problems. There is
extensive evidence showing that employee creativity
facilitates organizational innovation and organiza-
tional effectiveness®”.

Finally, we discuss the results in Table 2. Japan
has shown increasing interest in having the corpo-
rate sector execute integrated strategies for encour-
aging employees to engage in physical and health-
supporting activities, as evidenced by government-
led programs such as the Sports Yell Company
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program'® and the H&PM program'?. However,
our results suggest that the government’s employee
wellness agenda is yet to gain traction; in our
survey, few companies provided a fitness or H&PM
program for employees. As stated in the Introduc-
tion section, a report suggested that the greatest
impediment to innovation is a lack of talented
workers within the company?. In today’'s volatile,
uncertain, complex, and ambiguous business envi-
ronment, it is all the more essential to provide a
workplace and talent management strategy that
unleashes employees’ creativity. While it is true
that profit growth will always be paramount to
business survival, and that employers are some-
times unable to invest enough in talent develop-
ment and employee welfare, sacrificing employee
wellness for the sake of immediate profit is the
wrong approach. Although investing in employee
wellness yields no instant or immediately apparent
return on investment, organizational support for
employees’ fitness and health plays a crucial role in
cultivating the productivity and innovation neces-
sary for business success in a volatile, uncertain,
complex, and ambiguous environment.

Conclusions

Using survey data pertaining to 1,955 full-time
employees in Japan's service sector, we conducted
a cross—sectional study to examine the relationship
between organizational wellness support at the
workplace, exercise frequency, and workplace
creativity. Based on the results, three conclusions
can be drawn. First, creativity in the workplace is
associated with subjective health: compared with
those who perceived themselves as unhealthy,
respondents who perceived themselves as healthy
had increased adjusted odds ratios from 2.09 to 2.14
for demonstrating workplace creativity. Second,
workplace creativity is associated with habitual
exercise: compared with those who had never
exercised in the past year, respondents who
performed exercise showed increased workplace
creativity, with adjusted odds ratios of 1.90 for
those who exercised for one to three days a month,
1.69 for those who exercised for one to two days a
week, and 1.76 for those who exercised at least
three days a week. Third, workplace creativity is
associated with organizational wellness support:
provision of a fitness program and an H&PM

program by employers was associated with
increased adjusted odds ratios of 1.86 and 2.07,
respectively, for workplace creativity. Thus, human
resource management for employees’ fitness and
health is crucial for cultivating the productivity
and innovation necessary for business success.

Limitations and future research

This study adopted a cross-sectional approach
and analyzed survey data pertaining to a single
time-point. As such, the findings warrant no
conclusions about any direct causal relationship
that exercise and organizational wellness support
may have with workplace creativity (the interac-
tion mechanism) . Furthermore, we believe that the
impact of company size, such as number of employees
and capitalization, should also be taken into consid-
eration. When interpreting the results, the following
precautions should be observed. First, as respon-
dents rated their own creativity, we cannot rule
out the possibility that their self-reports were
affected by cognitive bias (such as the Dunning-
Kruger effect). Thus, workplace creativity as
measured in our study may not accurately reflect
actual behaviors and outcomes in everyday work-
place activities. Second, as respondents were asked
about their exercise frequency over the past year,
there is a possibility that their responses were
influenced by recall bias, too. Many complex and
latent factors moderate employee behavior in the
workplace. By combining survey data with objec-
tive data from wearable devices or physiological
measures, it is possible to deliver more reliable
evidence for the effects of exercise and organiza-
tional wellness support on employees. Rigorously
conducted randomized controlled intervention
studies and more cross—sectional studies are needed
to broaden the evidence in this nascent field of
research.
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Objective: In Japan, there is an urgent need to strengthen efforts to retain nurses and prevent high turnover. The Japan Nurses
Association has set the goal of creating a supportive work environment for nurses to work with peace of mind and improve
outcomes throughout their lives. Against this background, we examined the relationship between nurses’” health and productivity
management and their work engagement (WE) in Japanese hospital organizations.
Design: A cross—sectional design was used.
Methods: A web-based survey was administered to full-time employed nurses working in Japanese hospitals with 100 or more beds.
Results: Total WE scores were analyzed as the objective variable; WE crude odds ratios (ORs) were significantly higher in
the high group than in the low group for all indicator items related to a healthy workplace culture. For adjusted ORs, propensity
scores were calculated from gender, age, years of service, years of experience, job title, marital status, work shift, frequency of
exercise per week, and hours worked per week and used as moderator variables. The results showed that the adjusted ORs for
the high group were significantly higher than the adjusted ORs for the low group for all items except “participation of the
person in charge from the planning stage of the initiative” and “reflection of the person in charge’s opinion in the planning of
the initiative.”
Conclusions: This study suggests that health and productivity management initiatives in hospital organizations may positively
impact nurses’ WE. Furthermore, it suggests that these initiatives may contribute to improving nurse retention and preventing
turnover.
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has developed an occupational safety and health

Introduction guideline® to ensure healthy and safe workplaces,

Nurses (excluding assistant nurses) working in
hospitals, clinics, and as care workers exceed 1.33
million in Japan’. Since 2008, Japan's average
nursing attrition rate has remained at 10-11%%;
therefore, there is an urgent need to strengthen
efforts to retain and prevent high turnover among
Japanese nurses. The Japanese Nursing Association

as well as promote environments that enable nursing
staff to engage in health promotion. In 2021, as a
work style reform, the Japanese government set
the goal of creating work environments that support
nurses in working at ease and improve outcomes
throughout their working lives?. In this new policy
effort, the turnover problem is approached from
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the perspective of health promotion, and the aim is
to maintain nurses’ morale so that they continue to
work in their current position. It also aims to ensure
that nurses’ workplaces support them in main-
taining their physical and mental well-being.

The concept of health and productivity manage-
ment, proposed by Rosen”, has been attracting
considerable attention. This is because, from a
managerial perspective, placing focus on employee
health management is expected to have multiple
positive outcomes?.

Previous studies identifying the relationship
between employee health status and productivity
have shown that health risks are increasingly asso-
ciated with lower productivity”®. A particularly
notable finding was that, “Physical activity may
have a direct and indirect relationship to quality
resident care and long-term care organizational
success through impacts on employee absenteeism,
job performance and employee satisfaction”!2.
Another study found that, “Physical activity level
may also indirectly impact resident care through
employee job satisfaction. A small increase in phys-
ical activity has been shown to increase healthcare
employee job satisfaction”?. Given these trends,
medical organizations and social medical corpora-
tions are making efforts to promote health and
productivity management'?.

The concept of work engagement (WE) has been
defined as individuals’ “positive, fulfilling, work-
related state of mind that is characterized by vigor,
dedication, and absorption”™?. Thus, WE can be
used as an index of an individual's positive and
energized state of mind toward work. It is charac-
terized by “vigor, dedication, and absorption™?
toward work and higher WE reportedly has posi-
tive outcomes, such as increased happiness, job
satisfaction, and organizational commitment!>19,
Higher WE among nurses reduces their risk of
impaired physical and mental health, enabling them
to contribute more to their work'™?. One prior
study also emphasized the importance of further
analyzing the current state of nurses’ WE and its
driving factors?.

Despite the emphasis on the Japanese context
above, concerns related to the shortage and turn-
over of nurses are not unique to Japan®’. For
example, the American Nurses Association?? works
to prevent high turnover by advocating safe and

ethical work environments, staffing levels, and the
physical and emotional well-being of nurses. The
Healthy Nurse, Healthy Nation™2 program of the
American Nurses Association Enterprise encom-
passes six domains (mental health, physical activity,
nutrition, rest, quality of life, and safety) and serves
as an action plan to improve nurses health. These
efforts related to health and productivity manage-
ment are similar to those in Japan. In the latter
case, the certification system for health and produc-
tivity management is a mechanism for evaluating
systems, programs, and management that promote
health maintenance at the corporate level, and this
system evaluates some aspects of corporate health
climate and culture?”. WE has been suggested to
be associated with factors of corporate health
culture. Furthermore, WE research has demon-
strated the positive correlation among support from
supervisors and colleagues, coaching by supervisors,
innovative environment, and congruence between
organizational and individual values®.

Furthermore, previous studies suggest a close
association between Japanese nurses’ exercise habits
and job satisfaction/intention to continue working?.
Therefore, efforts made by hospital organizations
to improve health and productivity management
by encouraging health activities such as exercise
and sports are expected to improve nurses WE
and retention and prevent turnover. We examine
the relationship between nurses’ perceptions of
health and productivity management in hospital
organizations and their WE. Particular attention
will be paid to identifying health culture that
contributes to nurses having high WE.

Materials and Methods

Procedure and sample
Sampling

A web-based survey was conducted among full-
time employed nurses, midwives, and public health
nurses working in Japanese hospitals with more
than 100 beds. The sample comprised 500 respon-
dents selected from the panel registered with Cross
Marketing, Inc, a leading marketing research agency
in Japan. The survey period was from March 1 to
April 18, 2022, and 518 responses were initially
included in the study. After excluding those with
extremely short response times (under four minutes)
and samples with the same response to a single
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question (straight line cut), 377 answers were
selected for the final analysis (valid response rate:
72.8%).

Attributes of participants

The participants’ attributes are shown in Table 1.
There were 65 men (17.2%) and 312 women (82.8%).
The mean age was 43.1 (*96) years, consistent
with the volume zone of nurses’ age, 40-44 years
(14.2%), as reported by the Ministry of Health,
Labor and Welfare?. The number of years of
nursing experience was 186 (*x95), and the
number of years of service in the current position
was 12,6 (= 8.7). Furthermore, 268 (71.1%) partici-
pants were in the staff class, 81 (21.5%) were in the
supervisor class, 16 (4.2%) were in the head nurse
class, and 12 (3.2%) were in the director class. The
percentage of positions was also consistent with
the Japanese Nursing Association survey?, with
73.0% of the respondents in non-managerial posi-
tions (staff class) and 22.8% in middle-managerial
positions (chiefs and division chiefs).

Measures
Basic attributes

The respondents were asked to answer questions
regarding the following demographic variables:
gender, age, years of service at the current work-
place, years of experience, position, marital status,
work shifts, frequency of exercise per week, and
working hours per week.

Nurses’ perceptions of health and productivity
management

To assess hospital organizations’ efforts toward
maintaining nurses health and productivity manage-
ment, a questionnaire with 20 items was developed
based on the indicators developed by Takahashi et
al?”. This served as an evaluation index of a healthy
workplace culture. As our focus was on hospital
organizations, the original term “company” was
replaced with “hospital” or “the current workplace”;
further, “employee” was replaced with “personnel.”
These adjustments served to retain the original
intended meanings while ensuring the question-
naire’s suitability for our sample. The response
method was the same as the original®”, with a
three-point scale comprising the options of “I don’t
know,” “I'm not sure,” and “I know.” Similarly, a
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four-point scale was used to measure “Strongly
disagree” to “Strongly agree.”

Work engagement

The Japanese version of the Utrecht Work
Engagement Scale?® was used. Responses were
given on a seven-point scale ranging from “Not at
all” to “Every day (feel it all the time).” For the
analysis, the total scale scores and scores of the
three sub-factors (vigor, dedication, and absorp-
tion) were used.

Statistical analysis

First, for the question on healthy workplace
culture, one group of positive answers (e.g, “I
know,” “Strongly agree,” “Agree”) was designated
as Recognizing Healthy Culture (RHC) and the
group of negative answers (e.g., “I don’'t know,”
“I'm not sure,” “Strongly disagree,” “Disagree”) was
designated as Not Recognizing Healthy Culture
(NRHC). Further, a quartile was used for WE, with
the 75th percentile as the cutoff point. The group
with the highest scores was designated “high work
engagement” (HWE) and the group with the
lowest scores was designated “low work engage-
ment” (LWE).

Next, binomial logistic regression analysis was
conducted with RHC/NRHC as the explanatory
variables and HWE/LWE as the objective variable
to calculate crude odds ratios (CORs) and adjusted
odds ratios (AORs). For AORs, propensity scores
were calculated for gender, age, years of service at
the current workplace, years of experience, posi-
tion, marital status, work shifts, frequency of exer-
cise per week, and working hours per week and
used as moderator variables. SPSS version 28 for
Windows (IBM Corp., Armonk, NY, USA) was
used for statistical analysis.

Ethical considerations

This study was approved by the ethics committee
at the Graduate School of Sports and Health
Science, Juntendo University (Application Number:
2021-115). The start screen of the survey clearly
stated its purpose and informed respondents that
clicking the answer button implied consent to
participate.
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Results

Logistic regression analysis of nurses’ perceptions
of health and productivity management and work
engagement

The results of the analysis are presented in
Tables 2, 3-1 and 3-2. First, in the analysis using
total WE scores as the objective variable, the CORs
for WE tended to be higher in the RHC group than
in the NRHC group for all indicator items related to
healthy workplace climate. Similarly, the AORs for
WE tended to be higher in the RHC group than in
the NRHC group for all items except “Participation
of personnel from the planning stage of the efforts”
and “Reflection of personnel’s opinions in the plan-
ning of the efforts.” Items with particularly high
AORs were as follows: “Hospital’'s interest in its
personnel's health” (AOR=3.25, 95% confidence
interval (CI) [1.97,5.37]); “Supervisors’ support for
participating in health promotion efforts during
work hours” (AOR=269, 95% CI [1.60, 4.491); “Active
participation of the management team in these
efforts” (AOR=2.68,95% CI [1.61,4.45]);“Colleagues’
interest in health” (AOR=2.59, 95% CI [1.54, 4.33]);
and “Colleagues’ support for taking sick leave”
(AOR=253, 95% CI [1.30, 4.94]).

Second, analysis was conducted using vigor as
the objective variable. The COR for vigor tended to
be higher in the RHC group than in the NRHC
group for all indicator items related to healthy
workplace climate. The AORs of WE tended to be
higher in the RHC group than in the NRHC group
for all items except “Hospital policy on maintaining
and promoting health.”

Third, analysis was conducted using the dedica-
tion sub—factor as the objective variable. The CORs
for dedication tended to be higher in the RHC
group than in the NRHC group for all indicator
items related to healthy workplace climate. The
AORs for WE tended to be higher in the RHC
group than in the NRHC group for all items except
“Participation of personnel from the planning stage
of the efforts,” “Reflection of personnel’s opinions in
the planning of the efforts” and “Conversations
with colleagues about health promotion efforts.”

Finally, analysis was conducted using the absorp-
tion sub-factor as the objective variable. The CORs
for absorption tended to be higher in the RHC
group than in the NRHC group for all items except

“Reflection of personnel’s opinions in the planning
of the efforts.” The AORs for WE tended to be
higher in the RHC group than in NRHC group for
“Program and support for returning to work after
a long absence,” “Feedback on physical condition
from supervisors to personnel,” “Provision of useful
information about health promotion,” “Communica-
tion about the importance of promoting a healthy
workplace from supervisors to personnel,” “Partici-
pation of personnel from the planning stage of the
efforts,” “Hospital's interest in its personnel’s
health,” “Supervisors’ support for participating in
health promotion efforts during work hours,”
“Active participation of the management team in
these efforts,” “Colleagues’ support for taking sick
leave,” “Colleagues’ interest in health promotion,”
and “Participating with colleagues to promote a
healthy workplace.”

Discussion

In this study, we examined the relationship
between nurses’ positive attitude toward WE and
the efforts made by hospitals (employers), supervi-
sors (e.g, nursing departments, managers, and
chiefs), colleagues, and other individuals in hospital
organizations to promote health and productivity
management. This section examines the relation-
ship between WE and four items that showed high
overall AOR scores in our findings: “Hospital’'s
interest in its personnel's health,” “Supervisors’
support for participation in health promotion efforts
during work hours,” “Active participation of the
management team in these efforts,” and “Colleagues’
interest in health.”

Hospital’s interest in its personnel’s health

To promote new measures in health and produc-
tivity management, the need for a corporate culture
that accepts new programs and a workplace envi-
ronment where supervisors and colleagues can use
the programs is suggested®. In other words, to
achieve organizational results, employees must
participate in health promotion efforts. Employees’
thoughts and feelings cannot be controlled directly?®,
but can be addressed indirectly through changes in
the workplace environment. In our study, the item
“Hospital's interest in its personnel’s health” had
the highest AOR (2.67). The process of measuring
WE involves the evaluation of the values employees
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Table 1 Participants’ attribute scores

n % Mean SD

Gender

Men 65 172

Women 312 82.8
Age 431 87
Years of nursing experience 186 95
Years of service at the current workplace 12.6 8.7
Position

Staff class 268 711

Chief class 81 215

Manager class 16 42

Director class 12 3.2
Marital status

Unmarried 120 318

Married (including separated and widowed) 257 68.7
Work shifts

Day shift only 88 233

Two-shift system 216 57.3

Three-shift system 68 18.0

Night shift only 5 1.3
Frequency of exercise

Less than 1 day/month 233 61.8

More than 1 day/month 46 12.2

More than 1 day/week 78 20.7

More than 3 days/week 20 53
Working hours per week

1-34 12 32

35-39 70 186

40-49 204 54.1

More than 50 91 241

Table 2 Participants’ work engagement scores

Total (n=377) HWE (n=279) LWE (n=98)
Mean SD Min Max Mean SD Min Max Mean SD Min Max
Total 20.8 137 0 54 3838 74 29 54 145 89 0 28
Vigor 6.3 48 0 18 119 28 9 18 37 29 0 8
Dedication 79 49 0 18 144 20 12 18 5.7 34 0 11
Absorption 6.6 47 0 18 129 25 10 18 43 30 0 9

Notes: HWE; High work engagement. LWE; Low work engagement. Cut-off point; Total = 29.0, Vigor = 9.0, Dedication = 12.0 Absorption

=100

perceive In an organization's actions against its
espoused values to determine sincerity and against
personal values to determine congruence®”. The
results suggest that hospitals’ concern for the
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health of their employees contributes effectively to
the improvement of their WE. Based on these
results, we believe that hospitals need to create a
work environment that affirms health manage-
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Table 3-1 Association between health and productivity management and work engagement (logistic regression analysis)

Total Vigor
# Index items for healthy
Crude Adjusted Crude Adjusted
workplace culture * 0, 0 0 0
n OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Hospital poli intaini
ospital policy on maintaining and 46 308 163 580 226 112 455 271 144 507 165 082 332
promoting health

2 Procedures for handling health issues 120 245 152 396 1.83 1.09 3.06 301 189 476 2.20 1.35 3.60

Program and support for returning to 167 240 149 384 212 131 343 237 152 370 204 128 323
work after a long absence

4 EZZi;ams and menus for improving 77 218 127 371 200 115 348 246 147 412 219 128 373

5 Program and support for improving 194 229 141 371 207 126 340 274 173 433 241 150 386
mental health

F k on physical condition f
cedback on physical condition from 193 279 171 456 250 151 413 328 206 523 291 181 469
supervisors to personnel

7 Provision of useful information about 108 291 178 474 250 151 413 332 207 532 277 170 451
health promotion

Communication about the importance of
8 promoting a healthy workplace from 117 275 170 445 236 144 388 339 213 539 293 181 4.72
supervisors to personnel

Participation of personnel from the

. 83 188 111 318 158 090 277 329 198 546 266 156 453
planning stage of the efforts

Reflection of personnel’s opinions in the

10 98 167 101 277 140 083 2.36 222 137 358 183 110 3.02

planning of the efforts

1 Places to consult with others about health ) o) 169 4o 995 197 307 332 195 565 248 141 433
and safety issues

12 Hospital's interest in its personnel’s health 154 372 229 603 325 197 537 456 286 725 383 240 6.25

Hospital's interest in creating a healthy

13 157 264 164 423 218 133 356 366 232 577 303 189 4386

work environment
Supervisors’ support for participating in

14 health promotion efforts during work 193 317 192 522 2.69 160 449 310 195 493 2.54 157 411
hours

Active participation of the management

15 183 323 197 529 268 161 445 364 228 580 299 185 485

team in these efforts
16 Colleagues’ support for taking sick leave 285 288 149 556 253 1.30 494 226 127 399 1.94 1.08 348
17 Colleagues’ interest in health promotion 201 301 182 498 2.59 154 433 306 191 489 2.67 165 432

Conversations with colleagues about

1
8 health promotion efforts

114 243 150 394 177 105 298 343 215 547 243 147 400

19 Encouraging colleagues about these 117 244 151 395 179 107 300 303 191 482 222 136 363

efforts

Participating with colleagues topromote a o7 g oy 47 941 143 403 346 213 561 288 174 475
healthy workplace

Notes: For the adjusted odds ratios, propensity scores were calculated for the moderator variables of gender, age, years of service at the
current workplace, years of experience, position, marital status, work shifts, frequency of exercise per week, and working hours per week.
Crude OR/Adjusted OR: Odds ratio of RHC with NRHC as the reference. 95% CI: 95% confidence interval.

* Number of those in the RHC group.

ment, explains resource use, communicates a clear Thus, the results suggest that acceptance by the
vision, and makes health goals known?" throughout hospital organization of health and productivity
the organization. We believe that this will increase management and the creation of a work environ-
trust in the hospital as a workplace where employees’ ment where the use of resources is explained—as
health is protected. well as a clear vision and health goals are commu-
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Table 3-2 Association between health and productivity management and work engagement (logistic regression analysis) continued

Dedication Absorption
# Index items for healthy
Crude Adjusted Crude Adjusted
workplace culture * 0 0, 0 0
op Bwer T eswer TR eswcr TR 05 Cr

Hospital policy on maintaining and

1 . 46 436 230 825 296 147 596 272 144 514 184 091 373
promoting health

2 Procedures for handling health issues 120 328 202 532 233 1.39 391 200 124 323 1.47 087 245

g Program and support for returning to 167 271 168 438 235 143 384 196 123 312 165 102 267
work after a long absence

4 Programs and menus for improving 77 226 132 38 211 121 367 199 116 339 171 098 299
health

5 Program and support for improving 194 299 181 493 253 151 424 185 115 297 152 093 249
mental health
F k on physical condition £

¢ Feedback on physical condition from 193 284 173 467 257 154 427 211 131 340 176 107 288
supervisors to personnel

7 Provision of useful information about 108 325 199 531 270 162 448 237 145 385 192 116 319
health promotion
Communication about the importance of

8 promoting a healthy workplace from 17 272 167 441 231 140 381 225 139 363 183 111 302
supervisors to personnel

o ‘FParticipation of personnel from the 83 182 107 309 160 091 280 213 126 358 176 101 306
planning stage of the efforts

o Reflection of personnel's opinions in the g0 g0 19y 308 165 (98 279 164 099 271 135 080 229
planning of the efforts

 Places toconsult with others about health 7 o591 50 445 184 103 328 226 131 390 163 091 201
and safety issues

12 Hospital's interest in its personnel’'s health 154 332 204 537 284 172 469 319 198 514 267 163 4.38
Hospital's i ' ing a health

13 cosprtals interestin creating a healthy 57 o o4 481 239 145 394 204 128 325 156 095 255
WOrk environment
Supervisors’ support for participating in

14 health promotion efforts during work 193 303 184 500 251 150 421 304 185 499 245 146 4.10
hours

|5 /ictive participation of the management —yo0 509 900 540 964 158 443 311 191 507 249 150 414
team in these efforts

16 Colleagues’ support for taking sick leave 285 354 1756 717 311 152 6.35 237 127 442 201 1.06 3.80

17 Colleagues’ interest in health promotion 201 253 154 416 2.02 121 339 225 138 365 1.84 111 3.03

1g Conversations with colleagues about 114 212 130 345 138 081 236 211 130 341 144 085 244
health promotion efforts

19 Bncouraging colleagues about these 117 327 201 531 235 140 395 18 116 304 130 077 219
efforts
Participating with colleagues to promote a7 a1 140 5g1 189 111 318 231 140 380 186 110 313

healthy workplace

Notes: For the adjusted odds ratios, propensity scores were calculated for the moderator variables of gender, age, years of service at the
current workplace, years of experience, position, marital status, work shifts, frequency of exercise per week, and working hours per week.
Crude OR/Adjusted OR: Odds ratio of RHC with NRHC as the reference. 95% CI: 95% confidence interval.

* Number of those in the RHC group.

nicated®’—across the organization lead to a good

evaluation of the hospital and contribute toward
improving nursing personnel's WE.
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Supervisors’ support for health promotion efforts
during work hours

Studies comparing employees’ participation rates
in health programs have shown higher participation
rates among employees of small- and medium-sized
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companies compared to among employees of large
companies®®. The suggested reason for these find-
ings is the rapid communication of knowledge and
motivation because of a smaller staff in small- and
medium-sized companies’ networks. Nursing orga-
nizations tend to be organized into nursing units,
such as hospital wards®3?, where nurses are
assigned under the supervision of a nurse manager.
The staffing levels (organizational design) of these
organizations are similar to those of small busi-
nesses with fewer than 50 employees. Higher levels
of engagement have been observed when supervi-
sors exhibit relationship-related behaviors®. The
current study also showed a significant difference
for the item related to supervisors’ support for
health promotion efforts during work hours (AOR,
2.69), suggesting that supervisors’ support for such
efforts increases nurses’ WE. In the organizational
design of nursing organizations, we believe that the
actions of the supervisor—the head nurse—build
the organizational climate. We infer that in an orga-
nization where the supervisor’s support for health
activities is demonstrated without discomfort,
employees feel secure and form a sense of belonging.
We believe that the formation of such a sense of
belonging will enhance WE.

Active participation of management team in
health promotion efforts

A good work environment is essential for work-
place health promotion efforts to be effective®®, and
the outcomes of such health promotion programs
depend on organizational factors such as the top
management’s leadership?’. Berry et al3”, in their
discussion on “engaged leadership at multiple levels,”
suggested that if chief executive officers find time
for exercise, employees would be less reluctant to
take a fitness leave. In other words, creating a
work environment that allows people to participate
willingly in organizational efforts, explaining the
use of resources, communicating a clear vision and
health goals, and demonstrating exemplary behav-
ioral changes by the top management will likely
lead to successful health and productivity manage-
ment®. In this study, the item related to the active
participation of the top management team in the
health promotion efforts of the organization showed
significant results regarding WE (AOR, 2.68),
followed by the AOR of the item on supervisors’

support for these efforts. As an intervention process
to improve WE, Bakker and Leiter™® reported that,
“In the initial phases of a new initiative to enhance
WE, this role could be effectively served by the
CEQO,” which is consistent with our results. Thus, it
is suggested that WE is associated with specific
behaviors (e.g., expression of concern about person-
nel's health) by physicians in management and
leadership roles, heads of nursing organizations,
and nurse directors. Creating a safe environment
for engaging in health activities will lead to a posi-
tive attitude toward the workplace. We believe
that this sense of being protected by the workplace
will increase nurses’ WE.

Colleagues’ interest in health promotion

Interactions with social networks of friends and
colleagues® 3 and communicating about health’®
are believed to contribute to behavioral changes.
Thus, a growing interest in health among colleagues
seems to create a positive work environment,
including helping promote support for each other’s
physical condition. In our findings, colleagues’
interest in health was significantly associated with
WE (AOR, 2.59), corroborating the findings of the
cited research and indicating an association
between colleagues’ interest in health and indi-
vidual WE. In another study, an increase in WE
due to individual health efforts seemed to influence
nurses?’ and lead to the creation of a vibrant and
rewarding work environment. The nature of
nurses’ work tends to hinder their ability to focus
on their own health during working hours. However,
crossover effects®?™* can be expected by building a
support system that provides opportunities to
discuss club activities in hospitals and encourages
efforts to improve an individual's health. Thus,
although it can be extremely difficult®® to change
established lifestyles and exercise habits, if ener-
getic colleagues can inspire other nurses and help
the latter imagine themselves as energetic, this
process can improve the awareness and impor-
tance of physical exercise and health, and eventu-
ally of WE.

The effects of improving WE in health manage-
ment

Regarding the effects of health management
Initiatives, organizations with higher rates of
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employee participation have a positive impact on
presenteeism®. Furthermore, presenteeism is
negatively correlated with WE and satisfaction®”.
We believe that if presenteeism can be reduced
through health management, it may positively
change the attitude toward work and contribute to
an improvement in WE. Active participation of
management was significant in the hospital organi-
zation that we studied. Previous studies that have
examined the relationship between presenteeism,
climate, and organizational support for nurses have
also linked organizational support to the risk of
presenteeism*®. Until now, the retention and preven-
tion of turnover of nurses has required the develop-
ment of a work environment that allows nurses to
continue working, including improvements in working
hour management, night shift systems, and occupa-
tional health and safety®®. However, the Ministry of
Health, Labour and Welfare's recent survey of
reasons for leaving the workforce® shows that the
top reason for turnover is physical and mental
health. These findings suggest that efforts to
engage in health activities through health manage-
ment may lead to improved effects on physical and
mental health and WE, and may contribute to the
prevention of nurse turnover and retention.

Conclusion

Reducing the high nurse turnover rate in Japan
is an important concern. The impact of the nursing
shortage, due to a declining workforce and falling
birth rate, on patient care is multifaceted®. We
argue that health and productivity management
initiatives in hospital organizations may have a
positive impact on nurse WE. Other major implica-
tions of the survey results are that the enhance-
ment of health promotion support systems®” and
the development of a highly energetic and enthusi-
astic work environment in the field may contribute
to promoting a rewarding workplace, improving
retention rates, and preventing turnover.

Limitations

As this study is based on an online questionnaire
survey, it does not reveal the specific health activity
initiatives required for health management. We
believe that future qualitative surveys, such as
interviews, will reveal a more detailed relationship
between the perception of health management

62

initiatives and WE. Analyzing the relationship
between specific initiatives and WE will lead to
expectations for further development of future
research on health management. Furthermore, we
believe that the activation of health activities in
hospital organizations, not only among nurses, will
enhance WE among all healthcare workers, leading
to their retention in the workplace and prevention
of their intention to leave the workforce. We believe
that this will lead to new insights into future work
styles in the medical field.

Scope for further research

Although the number of medical corporations
certified for health management is increasing, a
measurement scale for health activity initiatives in
hospital organizations has not yet been developed.
Therefore, we employed health culture indicators
in corporate organizations to measure perceived
health efforts. In the future, it is necessary to
develop a scale to measure health activity efforts in
highly specialized organizations such as medical
corporations and social medical corporations. In
addition, this study revealed that the relationship
between awareness (perception) of health activity
efforts and WE is highly significant. In the future,
it will be necessary to further explore the factors
necessary to continue working by focusing on the
relationship between vitality, enthusiasm, and
immersion, which are sub-factors of WE.
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Aims and Scope

Juntendo Medical Journal (JM]) is the official peer-re-
viewed journal of the Juntendo Medical Society. JM] aims to
introduce achievements in the fields of basic and clinical
medicine, sportology (a novel scientific field integrating
sports and medicine), nursing, preventive medicine, and
public health. JM]J is dedicated to the international exchange
of knowledge to understand, treat and control diseases. The
journal provides a platform for researchers to introduce,
discuss and exchange novel achievements in biomedical
science. JM]J invites original articles, review articles, case
reports and other articles containing new insights into any
aspect of biomedical sciences and health sciences that are
not published or being considered for publication elsewhere.
The journal, which is freely available online at J-STAGE
(https://www.jstage.jst.gojp/browse/jmj), publishes arti-
cles continuously online and collates them into issues six
times per year.

Manuscript Types

The journal welcomes six manuscript types, all of which are
subject to peer review.
Authors should ensure that their manuscripts, including
figures and tables, do not exceed the maximum number of
printed pages:

* Original articles should not exceed 10 printed pages

* Reviews should not exceed 12 printed pages

* Case reports should not exceed 4 printed pages

¢ Study protocols should not exceed 10 printed pages

* Perspectives should not exceed 4 printed pages

* Abstracts should not exceed 4 printed pages
The total number of pages can be estimated as: text, 600
words per page; References, 20 per page; Figures, four 7 X 5
cm figures per page.

Original Articles

Articles describing original research presented in the stan-
dard format of Abstract, Introduction, Materials and
Methods, Results, Discussion and References.

Reviews

Reviews cover recent discoveries or topics of current interest.
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Reviews are occasionally commissioned by the Editor-in-Chief,
and the journal welcomes proposals from interested authors.
Case Reports

Articles reporting on the following topics: previously unre-
ported or unusual side effects or adverse interactions
involving medications, unexpected or unusual presentations
of a disease, new associations or variations in disease
processes, presentations, diagnoses and/or management of
new and emerging diseases, an unexpected association
between diseases or symptoms, or an unexpected event in
the course of observing or treating a patient.

Study Protocols

Articles describing study objectives, design, methods,
assessment types, collection schedules, or statistical consid-
erations for analyzing data that help to improve the stan-
dard of medical research.

Perspectives

Perspective articles are opinion pieces. They must present
objective facts and include references, but are not entirely
bound to the scientific rigor demanded of original articles
and review articles. Examples would include advocacy for
medical- or sports-related policies, reflections on the practice
of medicine, and comparisons of medical systems or medical
education regimes between Japan and other countries.

Abstracts

Articles describing short reports that present significant
discoveries, methods, and resources and have the potential
for significant and immediate impact on the scientific commu-
nity. These manuscripts communicate findings that editors
believe will be interesting to many researchers, and that
will likely stimulate further research in the field.

Journal & Ethics Policies

JM] upholds the highest standards in scholarly publishing.
The journal supports and adheres to the industry guidelines
and best practices promoted by the International Committee
of Medical Journal Editors ICMJE) (https://www.icmje.
org/) and follow the procedures outlined by Committee on
Publication Ethics (COPE) (https://publicationethics.org/)
when dealing with allegations of misconduct.

Before submitting a manuscript to the journal, authors must
ensure that they have read and complied with the journal's
policies. The journal reserves the right to reject without
review, or retract, any manuscript that the Editor believes
may not comply with these policies.

The responsibilities of the journal’s authors, editors, reviewers
and publisher regarding research and publication ethics are
described in full below.

Corresponding authors must ensure attest that the submitted
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experimental results are unpublished and not under consid-
eration for publication elsewhere.

Corresponding authors must inform the editors if any
related manuscripts are under consideration, in press or
published elsewhere. The availability of a manuscript on a
publicly accessible preprint server does not constitute prior
publication (see Preprints’).

If authors choose to submit their manuscript elsewhere
before a final decision has been made on its suitability for
publication in JM], the corresponding author should first
withdraw it from the journal.

Submission

JM] welcomes manuscript submissions from authors based
anywhere in the world.

Submission of a manuscript to the journal implies that all
authors: have approved it, warrant it is factual, have agreed
to its submission, and have the right to publish it.

Originality

Submission to the journal implies that the manuscript is
original work. The journal may use Crossrefs Similarity
Check (https://www.crossref.org/services/similarity-check/)
plagiarism software to screen manuscripts for unoriginal
content. By submitting a manuscript to the journal, authors
agree to this screening. Any manuscript with an unaccept-
able level of unoriginal material may be rejected or retracted
at the Editors’ discretion.

Preprints

To support the wide dissemination of research, the journal
encourages authors to post their research manuscripts on
community-recognized preprint servers, either before or
alongside submission to the journal. This policy applies only
to the original version of a manuscript that describes
primary research. Any version of a manuscript that has
been revised in response to reviewers comments, accepted
for publication or published in the journal should not be
posted on a preprint server. Instead, forward links to the
published manuscript may be posted on the preprint server.
Authors should retain copyright in their work when posting
to a preprint server.

Scooping

When assessing the novelty of a manuscript submitted to
the journal, the editors will not be influenced by other
manuscripts that are posted on community-recognized
preprint servers after the date of submission to JM]J (or
after the date of posting on a preprint server, if the manu-
script is submitted to the journal within 4 months).

Authorship
Submission to the journal implies that all authors have seen
and approved the author list. Changes to the author list

after manuscript submission - such as the insertion or
removal of author names, or a rearrangement of author
order - must be approved by all authors and the editor.
Authors are encouraged to consider the International
Committee of Medical Journal Editors ICMJE) Recommen-
dations on ‘Defining the Role of Authors and Contributors
(https://www.icmje.org/recommendations/browse/roles—
and-responsibilities/defining-the-role-of-authors-and-con-
tributors.html)’. The ICMJE recommends that authorship is
based on four criteria: making a substantial contribution to
the conception or design of the work, or the acquisition,
analysis or interpretation of data for the work; drafting the
manuscript or reviewing it critically for important intellec-
tual content; approving the final version of the manuscript
for publication; and agreeing to be held accountable for all
aspects of the work. Any contributor who has met all four
criteria should be an author on the manuscript. Contributors
who do not meet all four criteria should not be authors of
the manuscript but may be included in the Acknowledge-
ments section instead.

Use of Artificial Intelligence (AI)-Assisted Tools/
Technologies

In consonance with the COPE's position statement (https://
publicationethics.org/cope-position-statements/ai-author),
WAME's recommendations (https://wame.org/page3.php?id=
106), and ICMJE’s Recommendation (https://www.icmje.
org/recommendations/), JMJ does not allow artificial intelli-
gence (AI)-assisted tools/technologies such as Large
Language Models (LLMs), chatbots, or image creators to be
listed as author or co-author. As described in the ICMJE,
those tools cannot be responsible for the accuracy, integrity,
and originality of the work, thus they do not meet the
ICMJE’ criteria for authorship (https://www.icmje.org/
recommendations/browse/roles—and-responsibilities/defin-
ing-the-role-of-authors-and-contributors.html) listed above.
The authors (humans) are fully responsible for any mate-
rials of the submitted work, including the use of Al-assisted
tools or technologies. Authors should carefully review and
edit the result because AI can generate authoritative-
sounding output that can be incorrect, incomplete, or biased.
Authors should not list AI and Al-assisted technologies as
an author or co—author, nor cite Al as an author. Authors
(humans) are also responsible for plagiarism including in
text and Al-produced images.

Authors must disclose, upon submission and in the Methods
(or similar section), any use of Al-assisted tools or technol-
ogies in the writing of a manuscript, production of images or
graphical elements of the paper, or in the collection and
analysis of data.

Image integrity

Authors may digitally manipulate or process images, but
only if the adjustments are kept to a minimum, are applied
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to the entire image, meet community standards, and are
clearly described in the manuscript. All images in a manu-
script must accurately reflect the original data on which
they are based. Authors must not move, remove, add or
enhance individual parts of an image. The editors reserve
the right to request original, unprocessed images from the
authors. Failure to provide requested images may result in
a manuscript being rejected or retracted.

Reproducing copyrighted material

If a manuscript includes material that is not under the
authors’ own copyright, the authors must obtain permission
from the copyright holder (s) to reproduce it.

If a manuscript includes previously published material, the
authors must obtain permission from the copyright owners
and the publisher of the original work to reproduce it. The
authors must cite the original work in their manuscript.
Copies of all reproduction permissions must be included
with the manuscript when it is first submitted.

Availability of data and materials

Authors must disclose the source of publicly available data
and materials, such as public repositories or commercial
manufacturers, by including accession numbers or company
details in their manuscript, as appropriate.

Authors may make their own data and materials available
by linking from their manuscript to relevant communi-
ty-recognized public databases or digital repositories. All
data sets must be made available in full to the editors and
reviewers during the peer review process, and must be
made publicly available by the date of publication. Authors
commit to preserving their data sets for at least three years
from the date of publication in the journal.

The journal encourages authors to grant reasonable requests
from colleagues to share any data, materials and experi-
mental protocols described in their manuscript.

Also JM] encourages authors to disclose any data which is
the source of their manuscript, in J-STAGE Data (https://
jstagedatajst.go.jp/), a data repository developed and
managed by the Japan Science and Technology Agency
(JST). When publishing available data and materials from
J-STAGE Data, authors must submit them to the Editorial
Committee for peer review, and all research data should be
distributed as open under the Creative Commons licensing.

Animal/human experimentation

Authors of manuscripts describing experiments involving
humans or materials derived from humans must demon-
strate that the work was carried out in accordance with the
principles embodied in the World Medical Association’s
(WMA) Declaration of Helsinki (https://www.wma.net/
policies-post/wma-declaration-of-helsinki-ethical-princi-
ples—for-medical-research-involving-human-subjects/), its
revisions, and any guidelines approved by the authors’ insti-
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tutions. For Japanese research institutions, the applicable
statute is the Ministry of the Environment’s notification ‘Cri-
teria for the Care and Keeping of Laboratory Animals and
Alleviation of their Suffering’. Where relevant, the authors
must include a statement in their manuscript that describes
the procedures for obtaining informed consent from partici-
pants regarding participation in the research and publica-
tion of the research.

Authors should respect the privacy of patients and their
families. Identifying details should be omitted if they are not
essential, but patient data should never be altered or falsi-
fied in an attempt to attain anonymity. Complete anonymity
is difficult to achieve, and informed consent should be
obtained if there is any doubt.

Authors of manuscripts describing experiments involving
animals or materials derived from animals must demon-
strate that the work was carried out in accordance with the
guidelines approved by the authors’ institution (s), and this
must be stated within the manuscript.

Clinical trial registration

A clinical trial is defined as any research project that
prospectively assigns human participants to intervention or
comparison groups to study the cause-and-effect relation-
ship between an intervention and a health outcome. The
journal adheres to the International Committee of Medical
Journal Editors (ICMJE) policy on Clinical Trials Registra-
tion (https://www.icmje.org/about-icmje/fags/clinical-trials-
registration/), which recommends that all clinical trials are
registered in a public trials registry at or before the time of
first patient enrollment as a condition of consideration for
publication. Manuscripts describing clinical trials must
include the registration number of the trial and the name of
the trial registry.

The following items are to be stated in the Methods section:
how informed consent was obtained from the study partici-
pants (ie, oral or written), the approval number from the
institutional review board or ethics committee, a registra-
tion ID for the trial, and the trial's start and end dates.

Various reporting guidelines have been developed for
different study designs. Authors are encouraged to follow
published standard reporting guidelines for the study disci-
pline.

¢ CONSORT (http://www.consort-statement.org/) for
randomized clinical trials

¢ CARE (https//www.care-statement.org/) for case reports

¢ STROBE (https://www.strobe-statement.org/) for obser-
vational studies

e PRISMA (http://prisma-statement.org/) for systematic
reviews and meta-analyses

¢ STARD (https://www.equator-network.org/reporting-
guidelines/stard/) for studies of diagnostic accuracy
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e SAGER (https://www.equator-network.org/reporting-
guidelines/sager-guidelines/) for reporting of sex and
gender information

Please access https://www.equator-network.org/ to find the
guideline that is appropriate for your study.

It is extremely important that when you complete any
Reporting Guideline checklist that you consider amending
your manuscript to ensure your article addresses all rele-
vant reporting criteria issues delineated in the appropriate
reporting checklist. The purpose of a reporting guideline is
to guide you in improving the reporting standard of your
manuscript. The objective is not to solely complete the
reporting checklist, but to use the checklist itself in the
writing of your manuscript.

Taking the time to ensure your manuscript meets these
basic reporting needs will greatly improve your manuscript,
while also potentially enhancing its chances for eventual
publication.

Reporting guidelines

The journal requires authors to follow the EQUATOR
Network’s Reporting Guidelines (https://www.equator-net-
work.org/reporting-guidelines/) for health research. Study
types include, but are not limited to, randomized trials,
observational studies, systematic reviews, case reports,
qualitative research, diagnostic and prognostic studies,
economic evaluations, animal pre-clinical studies and study
protocols.

Author competing interests and conflicts of interest

In the interests of transparency, the journal requires all
authors to declare any competing or conflicts of interest in
relation to their submitted manuscript. A conflict of interest
exists when there are actual, perceived or potential circum-
stances that could influence an author’s ability to conduct or
report research impartially. Potential conflicts include (but
are not limited to) competing commer- cial or financial
interests, commercial affiliations, consulting roles, or owner-
ship of stock or equity. A Conflicts of Interest statement
must be includes in the manuscript (see the ‘Manuscript
Preparation’ section below for more details).

Authors should list all funding sources for their work in the
Funding section of their manuscript.

Confidentiality

The journal maintains the confidentiality of all unpublished
manuscripts. By submitting their manuscript to the journal,
the authors warrant that they will keep all correspondence
about their manuscript (from the Editorial Office, editors
and reviewers) strictly confidential.

Self-archiving (Green Open Access) policy
Self-archiving, also known as Green Open Access, enables

authors to deposit a copy of their manuscript in an online
repository. JM] encourages authors of original research
manuscripts to upload their article to an institutional or
public repository immediately after publication in the
journal.

Long-term digital archiving

J-STAGE preserves its full digital library, including JM]J,
with Portico in a dark archive (see https://www.portico.
org/publishers/jstage/). In the event that the material
becomes unavailable at J-STAGE, it will be released and
made available by Portico.

Peer Review Process

Editorial and peer review process

JM]J undertakes single-anonymized peer review. When a
manuscript is submitted to the journal, it is assigned to the
Editor-in-Chief, who performs initial screening. Manu-
scripts that do not fit the journal’s scope or are not deemed
suitable for publication are rejected without review. For
peer reviewing, the manuscripts that pass through the
initial screening are assigned to two external reviewers by
the Editor-in— Chief. Reviewers are selected based on their
expertise, reputation and previous experience as peer
reviewers. The deadline for submission of the reviewers’
reports is basically 3 weeks.

Upon receipt of the two reviewers’ reports, the Editor-in-
Chief makes the first decision on the manuscript. If the deci-
sion is to request revision of the manuscript, authors are
requested to re-submit their revised manuscript within one
to six months, depending on the comments of the reviewers.
Revised manuscripts submitted after this deadline may be
treated as new submissions. The Editor-in- Chief may send
the revised manuscripts to peer reviewers for their feed-
back or may use his or her own judgment to assess how
closely the authors have followed the Editor-in-Chief's and
the reviewers’ comments on the original manuscript. The
Editor-in-Chief is responsible for making the final decision
on each manuscript.

If a manuscript satisfies the journal's requirements and
represents a significant contribution to the published litera-
ture, the Editor-in-Chief may recommend acceptance for
publication in JM]. If a manuscript does not meet the jour-
nal’s requirements for acceptance, but it has a high proba-
bility of acceptance after minor or major revision, the
Editor-in-Chief may ask the authors to revise it accord-
ingly. Revised manuscripts must be submitted within one to
six months, depending on the comments of the reviewers;
otherwise they will be treated as new submissions. If a
manuscript does not meet the journal's requirements for
acceptance or revision, the Editor-in—-Chief may recommend
rejection.
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Reviewer selection, timing and suggestions

Reviewers are selected without regard to geography and
need not belong to the journal's Editorial Board. Reviewers
are selected based on their expertise in the field, reputation,
recommendation by others, and/or previous experience as
peer reviewers for the journal.

Reviewers are invited within 2 weeks of an article being
submitted. Reviewers are asked to review the manuscript
based on the Acceptance criteria, described below, and
submit their first review reports within 3 weeks of accepting
the invitation to review. Reviewers who anticipate any
delays should inform the Editorial Office as soon as possible.
When submitting a manuscript to the journal, authors may
suggest reviewers that they would like included in the peer
review process. The Editor may consider these suggestions
but is under no obligation to follow them. The selection,
invitation and assignment of peer reviewers is at the Editor’s
sole discretion.

Reviewer reports

It is the journal’s policy to transmit reviewers comments to
the authors in their original form. However, the journal
reserves the right to edit reviewers comments, without
consulting the reviewers, if they contain offensive language,
confidential information or recommendations for publication.

Acceptance criteria

If a manuscript satisfies the journal's requirements and
represents a valuable contribution to the published litera-
ture, the Editor-in-Chief may recommend the acceptance
for publication in JM]J. The questions addressed when
considering a manuscript for publication in JM] are as
follows: Relevance:

¢ Is the work within the journal's Aims and Scope?

Reproducibility:
* Do authors show sufficient information to reproduce
their experiments or data?
Written quality:
* Is the manuscript clearly presented?
Title:

* Does the Title accurately reflect the contents of the

manuscript?
Abstract:

* Does the Abstract adequately describe the background
or context of the work, the objectives of the research
project and the methods used?

Introduction:

* Does the Introduction provide adequate background

and context for the work?
Materials and Methods:

* Have the authors described the methods in enough
detail to allow others to replicate them?

* Have the authors adhered to established codes of prac-
tice and ethics if human/animal experimentation has
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been undertaken?
* Did the authors use appropriate methods?
Results:
* Have the authors explained their results clearly and
adequately?
Discussion:
* Is the Discussion supported by the results?
* Have the authors considered any alternative explana-
tions for their results?
* Have the authors made unsupported claims or inappro-
priate speculations?
General:
* Are all cited references relevant and necessary?
e Has any relevant literature been omitted?
* Have the authors cited the data described in the manu-
script adequately?
¢ Is each table and figure necessary?
* Are any potentially useful figures or tables missing?
¢ Are the tables and figures complete and interpretable?
* Is the manuscript clearly written in English?
e Have the authors adhered to established codes of publi-
cation ethics?
* Are there any errors in fact, methodology, or analyses?
* Has the manuscript been published previously, in part
or in whole, in any language?
If a manuscript does not meet the journal’s requirements for
acceptance or revision, the Editor-in-Chief may recommend
rejection.

Editorial independence

As the journal owner, the Juntendo Medical Society (JMS)
has granted the journal’'s Editorial Board complete and sole
responsibility for all editorial decisions. The JMS will not
become involved in editorial decisions, except in cases of a
fundamental breakdown of process.

Editorial decisions are based only on a manuscript’s scien-
tific merit and are kept completely separate from the jour-
nal’s other interests. The authors’ ability to pay any publica-
tion charges has no bearing on whether a manuscript is
accepted for publication in the journal.

Appeals

Authors who believe that an editorial decision has been
made in error may lodge an appeal with the Editorial Office.
Appeals are only considered if the authors provide detailed
evidence of a misunderstanding or mistake by a reviewer or
editor. Appeals are considered carefully by the Editor-in-
Chief, whose decision is final. The guidelines of the Committee
on Publication Ethics (https://publicationethics.org/appeals)
(COPE) are followed where and when relevant.

Confidentiality in peer review
The journal maintains the confidentiality of all unpublished
manuscripts. Editors will not:
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1. disclose a reviewer’s identity unless the reviewer makes
a reasonable request for such disclosure

2. discuss the manuscript or its contents with anyone not
directly involved with the manuscript or its peer review

3. use any data or information from the manuscript in
their own work or publications

4. use information obtained from the peer review process
to provide an advantage to themselves or anyone else,
or to disadvantage any individual or organization.

Conflicts of interest in peer review

A conflict of interest exists when there are actual, perceived
or potential circumstances that could influence an editor’s
ability to act impartially when assessing a manuscript. Such
circumstances might include having a personal or profes-
sional relationship with an author, working on the same
topic or in direct competition with an author, having a finan-
cial stake in the work or its publication, or having seen
previous versions of the manuscript.

Members of the journal's Editorial Board undertake to
declare any conflicts of interest when handling manuscripts.
An editor who declares a conflict of interest is unassigned
from the manuscript in question and is replaced by a new
editor.

Editors try to avoid conflicts of interest when inviting
reviewers, but it is not always possible to identify potential
bias. Reviewers are asked to declare any conflicts of interest
to the Editor, who will determine the best course of action.

Errata and retractions

The journal recognizes the importance of maintaining the
integrity of published literature.

A published article that contains an error may be corrected
through the publication of an Erratum. Errata describe
errors that significantly affect the scientific integrity of a
publication, the reputation of the authors, or the journal
itself. Authors who wish to correct a published article should
contact the editor who handled their manuscript or the
Editorial Office with full details of the error(s) and their
requested changes. In cases where co—authors disagree over
a correction, the Editor-in-Chief may consult the Editorial
Board or external peer reviewers for advice. If a Correction
is published, any dissenting authors will be noted in the text.
A published article that contains invalid or unreliable results
or conclusions, has been published elsewhere, or has
infringed codes of conduct (covering research or publication
ethics) may be retracted. Individuals who believe that a
published article should be retracted are encouraged to
contact the journal's Editorial Office with full details of their
concerns. The Editor-in—-Chief will investigate further and
contact the authors of the published article for their response.
In cases where co-authors disagree over a retraction, the
Editor- in-Chief may consult the Editorial Board or external
peer reviewers for advice. If a Retraction is published, any

dissenting authors will be noted in the text.
The decision to publish Errata or Retractions is made at the
sole discretion of the Editor-in—Chief.

Editors as authors in the journal

Any member of the journal's Editorial Board, including the
Editor-in-Chief, who is an author on a submitted manu-
script is excluded from the peer review process and from
viewing details about their manuscript.

A manuscript authored by an editor of JM] is subject to the
same high standards of peer review and editorial decision
making as any manuscript considered by the journal.

Responding to potential ethical breaches

The journal will respond to allegations of ethical breaches
by following its own policies and, where possible, the guide-
lines of COPE.

Reviewer Confidentiality
As part of their responsibilities, reviewers agree to maintain
the confidentiality of unpublished manuscripts at all times.
By accepting the invitation to review a manuscript,
reviewers agree not to:
1. disclose their role in reviewing the manuscript
2. reveal their identity to any of the authors of the manu-
script
3. discuss the manuscript or its contents with anyone not
directly involved in the review process
4. involve anyone else in the review (for example, a post-
doc or PhD student) without first requesting permis-
sion from the Editor
5. use any data or information from the manuscript in
their own work or publications
6. use information obtained from the peer review process
to provide an advantage to themselves or anyone else,
or to disadvantage any individual or organization.

Use of Artificial Intelligence (AI)-Assisted Tools/
Technologies

Reviewers are prohibited from uploading the manuscript to
software or Al-assisted tools/technologies where the confi-
dentiality is not assured. It is required to disclose to the
journal if any Al-assisted tools or technologies are used to
facilitate the review. Reviewers should be aware that Al can
generate authoritative-sounding output that can be incor-
rect, incomplete, or biased.

Copyright, Open Access and Fees

Copyright and licensing

JM] is fully Open Access and uses the Creative Commons
CC BY 4.0 (Attribution 4.0 International) (https://creative-
commons.org/licenses/by/4.0/). This license allows users to
share and adapt an article, even commercially, as long as
appropriate credit is given.
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Authors are required to assign all copyrights in the work to
the Society, who then publish the work under the CC BY 4.0
International license.

Some funding bodies require articles funded by them to be
published under a specific Creative Commons license. Before
submitting your work to the journal, check with the rele-
vant funding bodies to ensure that you comply with any
mandates.

Article Processing Charge

There are many costs associated with publishing scholarly
journals, such as those of managing peer review, copy editing,
typesetting and online hosting. To cover these costs in the
absence of journal subscriptions, authors (or their represen-
tatives) are asked to pay article processing charges (APCs).
There is no submission fee.

All articles, with the exception of those requested by the
Editorial Board, attract publication expenses which must be
borne by the authors. Authors will be notified of the exact
sum.

The APC depends on the article type and the total number
of typeset pages. The table below indicates how many pages
are free of charge for each article type. Each page over this
limit attracts a fee of 24,000 JPY/printed page.

JMS Members All others

Original articles The first 5 pages The first 3 pages

Reviews The first 5 pages The first 3 pages

Case reports The first 2 pages The first 1 page

Study protocols The first 5 pages The first 3 pages

Perspectives The first 2 pages The first 1 page

Abstracts The first 2 pages The first 1 page

Color printing charges: 30,000 JPY per page

Reprint charges: All reprints will be charged according to
the actual printing costs.

Waiver policy

Waivers for APCs are provided automatically when the
corresponding author is from a “Group A” Research4Life
country (https://www.researchdlife.org/access/eligibility/).
In cases of demonstrated financial hardship, the journal will
consider a presubmission application for a waiver from any
corresponding author to [provide email address of person to
contact]. Applications cannot be made after the peer review
process has begun.

The ability of an author to pay the APC does not influence
editorial decisions. To avoid any possibility of undue influ-
ence, editors involved with the decision-making process on
submitted manuscripts are not involved in any deliberations
on waivers.
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Manuscript Submission

Manuscripts should be submitted online via the Juntendo
Medical Journal online submission and peer review page on
ScholarOne Manuscripts (https://mc.manuscriptcentral.com/
jmj).

Simply log on to ScholarOne Manuscripts and follow the
onscreen instructions for all submissions. You will need to
register before your first submission to Juntendo Medical
Journal. If you have any technical problems or questions
related to the electronic submission process, please contact
our Editorial Office:

Juntendo Medical Journal Editorial Office

c/o International Medical Information Center

2F Shinanomachi Rengakan,

35 Shinanomachi, Shinjuku-ku, Tokyo 160-0016, JAPAN
Phone: +81-3-5361-7089

E-mail: jmj@imic.or.jp

Manuscript Preparation

Style

Manuscripts should be prepared in Microsoft Word or other
appropriate software using double line spacing throughout,
page numbers on the lower right, and with margins of at
least 2.5 cm.

English standards

Manuscripts should be written in clear, grammatically
correct English. Authors whose native language is not
English are strongly encouraged to have their manuscript
checked by a native English speaker or by an editing service
prior to submission; a certificate of English editing that
accompanies submissions can be useful in many circum-
stances. If a manuscript is not clear due to poor English, it
may be rejected without undergoing peer review.

Format

The first page of each manuscript should contain: Title,
Authors’ full names, Affiliations, Key words, Running Title,
and the name and full address (including telephone number,
facsimile number, and e-mail address) of the corresponding
author. Manuscripts should be divided into the following
sections and presented in this order: Introduction; Materials
and Methods; Results; Discussion; Acknowledgements;
Funding; Authors’ contributions; Conflicting interest state-
ment; and References.

Manuscripts should be arranged in the following order: 1.
Title page; 2. Abstract and keywords; 3. main text; 4.
Acknowledgements, Funding, Author Contributions, Conflict
of interest statements; 5. tables together with any accompa-
nying legends; 6. figure legends; 7. other as required. Each
of the numbered items should begin on a separate page.
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Title page
The first page should include:
1. The title of the manuscript in sentence case. No abbre-
viations other than gene names or in common use
2. Full names of all authors and ORCID ID (https://orcid.
org/) if desired
3. Affiliations of the authors; use numbers not symbols
4. If authors make an equal contribution, indicated with an
asterisk (up to 2 authors, including the first author)
and a note indicating this under the author names
5. Name, full postal address, including street number and
name, and e-mail address of the corresponding author (s)
6. Key words (no more than five key words). Refer to
Medical Subject Headings in MeSH or Index Medicus
7. Running title preceded by the first author’s name
(maximum 120 characters with spaces, including the
author’s name).

Title

The title should describe the content of the article briefly
but clearly and is important for search purposes by third-
party services. Do not use the same main title with
numbered minor titles, even for a series of papers by the
same authors. Do not use abbreviations in the title, except
those used generally in related fields.

Footnotes

Footnotes, if any, should be typed in a separate sheet (the
second page of the manuscript). Abbreviations should also
be listed on this page.

Abbreviations

Each abbreviation should be defined in parentheses together
with its non-abbreviated term when it first appears in the
text (except in the Title and Abstract).

Units

SI or SI-derived units should be used. More information on
SI units is available at the Bureau International des Poids et
Mesures (BIPM) website (https://www.bipm.org/en/home).

Abstract
The second (and, if necessary, the third) page of the manu-
script should contain only the abstract (maximum 250
words). The abstract must be fully comprehensible without
reference to the text. Abstracts should be divided into
sections as follows:

1. Objectives

2. Materials (or “Design”)

3. Methods (or “Interventions”)

4. Results

5. Conclusions

Introduction

The Introduction should provide sufficient background
information to allow the reader to understand the purpose
of the investigation and its relationship with other research
in related fields, although it should not include an extensive
review of the literature.

Materials and Methods

The description of the methods should be brief, but it must
include sufficient details to allow the experiments to be
repeated. The sources of unusual chemicals, animals, micro-
bial strains or equipment should be described, and the loca-
tion (city, country) of the company should be provided in
parentheses. If hazardous materials or dangerous proce-
dures are used in the experiments and the precautions
related to their handling are not widely recognized, it is
recommended that the authors provide the necessary
details.

Results

This section includes the results of the experiments. The
Results and Discussion sections may be combined if this
helps readers to understand and evaluate the study. Tables
and figures, including photographs, can be used to present
the experimental results (see below). Excessive explana-
tions of the data presented in tables and figures should be
avoided.

Discussion

The Conclusion or Discussion should be concise and should
deal with the interpretation of the results. Novel models or
hypotheses may be proposed in this section only if they are
suggested by the results obtained in the experiments. Do
not repeat the description of the experimental results in this
section.

Acknowledgments

Contributors who do not meet the criteria for authorship
should be listed in the Acknowledgements section. Exam-
ples of those who might be acknowledged include a person
who provided purely technical help, or a department chair
who provided only general support. If you do not have
anyone to acknowledge, please write “Not applicable” in this
section.

Funding

All articles should have a funding acknowledgement state-
ment included in the manuscript in the form of a sentence
under a separate heading entitled “Funding” directly after
Acknowledgements section, if applicable. The funding
agency should be written out in full, followed by the grant
number in brackets. Multiple grant numbers should be
separated by commas and spaces. Where the research was
supported by more than one agency, the different agencies

93


https://orcid.org/
https://orcid.org/
https://www.bipm.org/en/home

should be separated by semicolon, with “and” before the
final funder. If the research is not funded by a specific
project grant, please state in the manuscript as follows: “The
author (s) received no financial support for the research” or
“No funding was received”.

Author contributions

The individual contributions of authors to the manuscript
should be specified in this section after Funding section.
Please use initials to refer to each author’s contribution in
this section, for example: “AU analyzed and interpreted the
patient data regarding the hematological disease. KT
performed the histological examination of the liver, and was
a major contributor in writing the manuscript. All authors
read and approved the final manuscript.”

Conflicts of interest statement

All manuscripts must include a “Conflicts of Interest state-
ment” in line with the ‘Author competing interests and
conflicts of interest’ section above. If no conflicts exist, please
state that “The Author(s) declare(s) that there are no
conflicts of interest”. If the Editorial Board member (s) of
JM]J is (are) included as author (s) of the manuscript, please
state that "AUTHOR (the name of the member), one of the
Editorial Board members of JM] was not involved in the
peer review or decision-making process for this paper.

References

References, including those given in tables and figure

legends, should be numbered sequentially in the order they

appear in the text and listed in numerical order at the end

of the manuscript under the heading “References”. Including

Al-generated material as the primary source in the refer-

ence is not allowed. In the text, citations should be indicated

as superscript numbers with an end parenthesis character

following each citation number. Three or more consecutive

citations should be indicated as a range using a hyphen, e.g.

“3-5)”. Journal titles should be abbreviated as shown in

Index Medicus and List of Journals Indexed. When there

are six or fewer authors, all should be listed; when there are

seven or more, include only the first three and add “et al.”

Please note the following examples.

Example citation list entries:

Journal article

1) You WC, Blot W], Li JY, et al: Precancerous gastric
lesions in a population at high risk of stomach cancer.
Cancer Res, 1993; 53: 1317- 1321.

Book

2) Matsumoto A, Arai Y: Hypothalamus. In: Matsumoto A,
Ishii S, eds. Atlas of Endocrine Organs. Berlin: Spring-
er-Verlag, 1992: 25-38.

Tables
Tables with suitable titles and numbered with Arabic
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numerals should be placed at the end of the text on separate
sheets (one table per page). They should be understandable
without referring to the text. Column headings should be
kept as brief as possible, with units for numerical informa-
tion included in parentheses. Footnotes should be labeled a),
b), c), etc. and typed on the same page as the table they
refer to.

Figures

Figures should also be submitted online as separate files.
They should be numbered in order of appearance with
Arabic numerals (e. g. Fig. 1, Fig. 2). Author (s) must pay
printing costs for color photographs. Electron micrographs
should contain a scale. Individual figures may not exceed
the size of a Journal page. Graphs or drawings containing
typewritten characters are unacceptable. Numbers, letters
and symbols must be large enough to be legible after reduc-
tion. In principle, figures should be suitable for publication,
and jpg digital files preferred. Each figure must have an
accompanying legend, which should be understandable
without reference to the text. All figure legends are to be
double spaced, and should be collected together as text
page(s), rather than being attached to their respective
figures.

Cover letter

Summarize briefly the important points of the submitted
work including a brief description of the study to be
submitted, that it is an original study presenting novel work,
that it has not been previously submitted to or accepted by
any other journal, that is has been approved by all authors,
and explain whether any author has a conflict of interest.

Accepted Manuscripts

Manuscripts that are accepted for publication are copy-
edited and typeset by the journal’s production team before
publication. The journal is published 6 times per year /
continuously online. All communication regarding accepted
manuscripts is with the corresponding author.

Proofs

Page proofs are sent to the corresponding author, who
should check and return them within 48 hours. Only essen-
tial corrections to typesetting errors or omissions are
accepted; excessive changes are not permitted at the
proofing stage.

Reprints

Order forms for reprints are sent with the proofs to the
corresponding author and should be returned with the
proofs. The corresponding author will be sent a PDF of the
paper on publication.
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Contact

To contact the Editorial Office or the Editor-in- Chief,
please write to:

Juntendo Medical Journal Editorial Office

c/o International Medical Information Center

2F Shinanomachi Rengakan,

35 Shinanomachi, Shinjuku-ku,
Tokyo 160-0016, JAPAN
Phone: +81-3-5361-7089
E-mail: jmj@imic.or.jp

Copyright © The Juntendo Medical Society
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