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Abstract

The cardiac pumps blood throughout the body without rest. When the cardiac is diseased, blood flow is reduced and some-
times blood clots may cause blood vessels to become blocked, leading to death. Cardiac disease is progressive and difficult
to cure. Cardiac rehabilitation includes the following comprehensive methods: education for the patient and family, exercise
therapy, counseling, nutrition and dietary advice, medication guidance, living guidance, control for stress, return to work train-
ing, etc. Those cover a wide range of fields and it is difficult for patients to carry out those methods independently. Therefore,
there is a demand for simple cardiac rehabilitation. Tohoku University developed a cardiac rehabilitation method using three
types of exercise therapies, and qualitative effects were observed about five years ago. However, a quantitative evaluation is
still not fully understood. It is commonly known that losing weight reduces the workload of the cardiac, however, it is unclear
how much improvement will be achieved. Cardiac rehabilitation and dietary therapy were carried out on a patient with chronic
cardiac failure and complications of atrial fibrillation, and hypertension in this study, and the progress of the subject’s condi-
tion was examined. The subject underwent Tohoku University-style cardiac rehabilitation three times a day in this experiment.
Namely, weight, blood pressure (systolic and diastolic blood pressures), pulse rate, irregular pulse waves (arrhythmia), etc. were
measured at waking and bedtime. The attending doctor regularly checked the subject’s cardiac failure marker levels and used

an electrocardiogram to check the frequency of arrhythmias and a comprehensive judgment was carried out.
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1. Introduction

Cardiac rehabilitation is a comprehensive program de-
signed to help people with cardiac disease regain their
strength, prevent recurrence and improve their quality of life.
It is provided by a multidisciplinary team including a doctor,
nurse, physiotherapist, nutritionist, pharmacist and clinical
psychologist etc. The objective is to review the following:

(1) Prevent the progression and recurrence of cardiac dis-
ease, (2) improve athletic ability and physical strength, (3)
review the patient’s lifestyle habits (diet, exercise, smoking
cessation, etc) and reduce psychological stress such as anxi-
ety and depression, (4) support for reintegration into society
(work and family life). The diseases covered in item (4) include
myocardial infarction, angina pectoris, cardiac failure, post-
cardiac surgery (by-pass surgery, valve replacement surgery,
etc.), post-trans catheter intervention (PCl, TAVI, etc.), and
cardiomyopathy. The main items are exercise therapy, lifestyle
guidance, psychosocial support, and medical management.
The treatment is usually given once or twice a week as an
outpatient for about three months. The following effects have
been confirmed: reduced re-hospitalization rate, reduced
mortality rate, and improved physical fitness and quality of
life. It is demonstrated that cardiac rehabilitation and dietary
therapy are effective against cardiac disease through short-
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term measurements in this study (Balady et al., 2007; Kouzuki,
1994; Piepoli et al,, 2016; The Japanese Association of Cardiac
Rehabilitation, 2021a; 2021b).

2. Cardiac rehabilitation methods

Cardiac rehabilitation methods used in this study adopted
the following three rehabilitation methods developed at
Tohoku University Hospital in 1994 (Takahashi, 2020) and the
subject (male, 73 years old) performed those methods as a
routine three times each day: in the morning, afternoon, and
evening.

2.1 Special typed walking (aerobic exercise)

This type is called ‘ikiiki walking"in Japanese. The subject
looks straight ahead and keeps his gaze a little distance
away in this type of walking, and clenches his fists lightly and
swings arms back and forth. He stands with his chest out,
knees straight, and back straight and lands on his heels and
pushes off with the toes. Take as long as stride as possible
and walk to avoid getting out of breath. Limit to 90 minutes a
day. The walking goal is 30 minutes a day (about 3,000 steps).

2.2 Squatin a relaxed manner (muscle training)

To implement this squat process effectively: (i) stand with
his hands on the hips and feet shoulder-width apart, shoul-
ders relaxed and the feet shoulder-width apart. (ii) As he
exhales slowly through the mouth, bend the knees slightly
and lower the hips over the course of five seconds. Stand up
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straight. (iii) Once he has lowered the hips, breathes in slowly
through the nose and he returns to position (i) over the
course of five seconds. The goal is to do it three times a day,
in the morning, afternoon and evening (three sets in total).
The steps (i) to (iii) are repeated 10 times as a set. Take breaths
during exercise and never hold the breath. The height of the
hips should be up to the knees, not too low. Do not let the
knees go in front of the toes. Place the heels on the ground
when squatting.

2.3 Relaxing and standing on one leg (balancing and bone
strength)

(i) Place the right hand lightly on the back of a chair or on
the handrail, and stand naturally with both eyes open. (ii) Lift
the right foot about 5cm off the floor and hold the condition
there for one minute. Breathing continues naturally. (i) Place
the left hand lightly on the back of a chair or on the handrail,
and stand naturally with both eyes open. (iv) Lift the left foot
about 5cm off the floor and hold the condition there for one
minute. Breathing continues naturally. (v) The goal is to do
this three times a day, in the morning, afternoon and evening
(three sets in total). Perform steps (i)-(ii) once for the right leg,
and steps (iii)-(iv) once for the left leg (total of 2 minutes) as
one set.

3. Diet therapy

Food contents have a big impact on human cardiac, blood
vessels and blood pressure. The following points were taken
into consideration when consuming food in this study.

1
2
3

) Avoid greasy food (fried or stir-fried foods).

) Do not overeat (suppress appetite).

) Avoid processed meat products (sausages, bacon, etc.) .
) Avoid processed fish products (kamaboko, chikuwa, etc.).
) Eat soy foods (tofu, natto, fried tofu, soy milk, etc.).
)
)
)
)

~

@)

Avoid sweets, pastries, and snacks.
7
8) Do not eat ramen after drinking alcohol.

9) Do not eat a late-night snack right before bedtime.

10) Do not just eat rice balls, bread, or noodles for lunch. Al-

Avoid pickles, tsukudani, and furikake.

(
(
(
(
5
(
(
(
(
(

ways eat a side dish.

(11) Eat actively mushrooms, seaweed, and konnyaku.

(12) Chew food thoroughly (do not eat too quickly).

(13) Do not drink alcohol or juice every day. Take a day off
from drinking.

(14) Do not eat while watching TV or using a smartphone.

(15) Do not drink miso soup or soup with every meal.

(16) Eat plenty of vegetables and fruits.

(17) Lightly season the food.

(18) Reduce the frequency of eating out. Once a week or less
is appropriate.

(19) Always eat breakfast.

Capsaicin (found in spices such as chili peppers) has the
effect of reducing aspiration. Eating slowly prevents blood
sugar levels from rising and it prevents inflammation and ill-
ness caused by the aspiration. Eat all the leafy greens early in
the meal. Vegetables contain dietary fiber, which stimulates
the secretion of a hormone called GLP-1 in the intestines. The
GLP-1 not only slows down stomach movement and pro-
motes insulin secretion to lower blood sugar levels, but also
acts on the central nervous system in the brain to suppress
the appetite. Those reduce the rise in blood sugar levels after
meals and reduce the strain on the heart.

4. Subject’s initial symptoms

The subject A (male, 73 years old) was adopted in this
study. His condition was hypertension and chronic tachycar-
dia atrial fibrillation, and he was already in a state of cardiac
failure. Tachycardia means a heart-rate of more than 100
beats per minute. Atrial fibrillation is a type of arrhythmia in
which the atria spasm. When the condition becomes chronic,
the atria are constantly spasming and the pulse becomes
irreqular. This is a progressive disease that becomes more
common with age and is difficult to cure. This disease causes
blood to stagnate in the lungs, liver, and other organs. And
it leads to a variety of symptoms such as difficulty breathing,
swelling, palpitations, and fatigue. This failure is a syndrome
of weakened cardiac function caused by various underlying
diseases. The most important problem with atrial fibrillation is
that blood clots formed in the cardiac can travel and become
blocked in peripheral blood vessels such as those in the brain
(causing a stroke). This disease is more likely to occur with
age.

The status of the subject’s treatment was as follows:

- He was undergoing medication and dietary therapy for his
hypertension.

- He was taking anticoagulants (Eliquis tablets) in consider-
ation of the risk of thrombosis regarding a stroke. Taking
anticoagulants increases the risk of bleeding.

- He was taking an antiarrhythmic drug (Bisoprolol Fuma-
rate Tablets 5 mg) for atrial fibrillation. The antiarrhythmic
drugs have limited effectiveness and he was no longer
feeling any effect. Catheter ablation treatment is usually
performed in such a case. However, his family doctor said
there was a high chance of recurrence, so he should be
prepared to live with atrial fibrillation for the rest of his life.
His cardiac failure marker level was significantly higher than
the standard values during a regular health check on Janu-
ary 23, 2024. The changes in cardiac failure marker values
are shown in Table 1. There are two types of cardiac failure
markers: BNP and NT-proBNP and the respective reference
values are 18.4 pg/ml and 125 pg/ml.
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Table 1: Changes in subject A's cardiac failure markers (BNP, NT-proBNP)

Date (pg/ml)  Converted to NT-proBNP
2024/1/23 NT-proBNP : 817.0
2024/5/18  NT-proBNP : 771.0
2024/8/2 BNP : 137.7 (about 525 pg/ml)
2024/9/7 NT-proBNP : 820.0
2024/11/9  NT-proBNP: 1158.0
2025/1/7 NT-proBNP : 11380
2025/1/10  BNP: 205.9 (about 927 pg/ml)
2025/4/5 NT-proBNP : 730.0
2025/6/14  NT-proBNP : 871.0

5. Medication
The medications he was taking are as follows:

M

Eliquis tablets

[Action and Efficacy]: Prevent blood from clotting and
blood clots.

Bisoprolol fumarate tablets 5 mg

[Action and Efficacy]: Prevent angina attacks, lower blood
pressure, regulates irregular pulse, help the cardiac func-
tion. (Note) dizziness may occur

Lisinopril tablets 10mg

[Action and Efficacy]: Lower blood pressure, help cardiac
function. (Note) dizziness may occur

Tsumura goshajinkigan extract granules (107)

[Action and Efficacy]: Improve swelling and itching and
blurred vision, relieve symptoms such as pain, numbness,
and chills in the lower back and legs, improve symptoms
such as difficulty urinating, frequent urination, and poly-
uria, compensating for the decline in bodily functions.
Methycobal Tablets

[Action and Efficacy]: Relieve numbness.

Febuxostat tablets 10 mg

[Action and Efficacy]: Inhibit uric acid synthesis.
Naftopidil tablets 50 mg

[Action and Efficacy]: Improve symptoms associated with
prostate enlargement.

Rize tablets 5 mg

[Action and Efficacy]: Effective for deep sleep, relieve

©)

muscle stiffness, relieve anxiety and tension.
Tsumura Asakoninmaru extract granules (126)
[Action and Efficacy]: Make stool (feces) easier.

(10) Promac D Tablets 5mg

[Action and Efficacy]: Protect the stomach lining.

(11) Amlodipine tablets

[Action and Efficacy]: Prevent angina attacks, lower blood
pressure. (Note) his blood pressure started to drop three
months after the start of this study. He stopped taking
blood pressure lowering medication (11) at his doctor’s
discretion. He is not currently taking any of the (11) med-
ication.

6. Experimental results

The experimental results are divided into seven categories.

M

Subject’s weight measurements and cardiovascular ex-
amination results from previous health checkups. The
result is indicated in Table 2. His height is 172.7 cm. As
can be seen from the table, he gradually developed hy-
pertension and his weight-to-height ratio increased. The
electrocardiogram in this table was still within normal
limits. An abnormality was found in the electrocardio-
gram markers after four months later.

(2) The cardiac rehabilitation method was started around

mid-February 2025. Data was collected from March 22,
2025. Body weight was measured twice a day, at waking
and bedtime. Each value is the average of two measure-

Table 2: Weight measurements and cardiovascular examination results in previous health checkups

Examination date ~ Weight (kg) Systolic Dlastolic Electrgca.rdiogram
Blood pressure (mmHg) (findings)

2018/8/20 735 123 81 within the normal

2019/8/19 720 128 81 within the normal

2020/9/23 73.0 137 82 within the normal

2021/9/22 73.0 144 86 within the normal

2023/9/21 71.5 145 91 within the normal
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Table 3: Blood pressure, weight, pulse rate, number of steps, etc. for one week from Saturday March 22, 2025

Date 3/22 3/23 3/24 3/25 3/26 3/27 3/28
(Sat) (Sun) (Mon) (Tue) (Wed) (Thu) (Fri)
Body weight (at waking) 70.3 70.7 70.5 70.7 70.2
Body weight (bedtime) 712 715 710 713 710 71.1
Blood pressure (at waking)
Systolic blood pressure 100.5 108.0 1085 113.0 113.0 120.5 111.0
Diastolic blood pressure 74.0 77.5 77.5 91.0 84.0 82.0 85.0
High blood pressure determination X X X O X X O
Pulse 710 715 77.0 82.5 84.5 76.0 73.0
Irregular pulse wave O O X O O O O
Blood pressure (bedtime)
Systolic blood pressure 112.0 105.5 114.0 101.5 (I?)%\/S) (‘801;/0) 1015
Diastolic blood pressure 785 72.0 81.0 76.0 74.5 66.0 77.0
High blood pressure determination X X X X X X X
Pulse 68.5 78.0 76.0 86.0 76.5 67.0 725
Irregular pulse wave O O O O O O O
Cardiac rehabilitation carried out O O O O O O O
Number of steps 5300 1600 6532 4550 6141 6862 6031
Stress(1-3) 1 1 2 3 2 2 2

Notes: High blood pressure determination = O High blood pressure, X Not. Irregular pulse wave = O Irregular

pulse wave, X Not.

ments. Data was measured at waking before taking
medication. Systolic blood pressure, diastolic blood pres-
sure, and pulse rate were also measured twice, once at
waking and once upon going to bed. Each value is the
average of two measurements. The irregular pulse waves
are considered arrhythmias in this paper. The number of
steps was indicated just before bedtime, and the stress
was measured as a self-reported value on the three-stag-
es. For example, the values for blood pressure, weight,
pulse, number of steps, etc. for one week from March 22
(Saturday) are shown in Table 3.

Changes in body weight at waking and bedtime during
the early period (April to May) are shown in Table 4 and 5.
The blank spaces in Table 5 represent the days when the
measurements could not be taken due to business trips,

etc. Table 4 and 5 are graphed and shown in Figure 1
and 2. As can be seen from Figure 1 and 2, the weight at
waking is lower than at bedtime. The basal metabolism
reduces the weight when waking, and it increases when
he goes to bed due to the dinner eaten. The weight was
gradually decreased during the first half of the experi-
ment due to dietary therapy. However, his weight tem-
porarily increased from early to mid-May. The reason for
this is thought to be that the subject gained weight be-
cause he ate different foods than usual when eating out
or traveling. In addition, one possible reason why the re-
duction in blood pressure did not directly lead to weight
loss is the influence of pharmacological treatment, apart
from salt intake. This is because the medications being
taken, bisoprolol fumarate tablets and lisinopril tablets,

Table 4: Weight changes (kg) at waking and bedtime from March 24 to May 2, 2025

3/24 3/25 3/26  3/27 3/28 3/29 3/30  3/31 4/1 4/2 4/3 4/4 4/5 4/6
703 707 705 707 /02 706 /03 701 702 702 700 698 701 702
2% 710 N3 710 711 715 708 704 708 706 706 709 708 708
Monthand day  4/7 4/8 4/9 4710  4/117 4712 413 414 4/15 416 4/17  4/18  4/19  4/20
At waking 704 704 700 700 700 696 693 695 691 694 697 696 693 @ 69.1
Bedtime 709 708 707 706 703 702 705 701 700 706 705 698 695 703
4/21  4/22  4/23  4/24  4/25 4/26  4/27 4/28 4/29  4/30  5/1 5/2
698 692 693 696 691 687 691 691 689 694 0694 695
698 700 700 699 694 696 696 /00 701 704 701 699
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Table 5: Weight changes (kg) at waking and bedtime from May 3 to May 30, 2025

Weight (kg)

53 54 55 56 57 58 59 510 511 512 513 514 5/15 5/16
690 690 692 695 694 696 694 691 697 695 688 690 688 690
MOA“tth aE'd day 04 697 702 700 702 699 696 703 703 693 694 697 699 697
Wakin
Bedtimeg 5/17 5/18 5/19 5720 5/21 5/22 523 5/24 5/25 526 5/27 5/28 5/29 5/30
690 700 697 694 693 691 689 691 692 693 683 679
706 706 699 697 697 697 695 693 695 697 696 686
—e— Atwaking —%— Bedtime —e— Atwaking —k— Bedtime
72 72
71 71 b
B 5
X —
. m.\%\./ A\‘ ﬁ S V)Z(\X) Z 70 XX X m
PO
* = K
69 69
68 68

Figure1l: Weight changes (kg) at waking and bedtime from
March 24 to May 2, 2025

)

have blood pressure-lowering effects.

The weekly changes in weight and blood pressure at
waking and bedtime during the early period of the
experiment (April to May) are shown in Table 6. Table 6
is graphed and shown in Figure 3 and 4. Those figures
show that both the systolic and diastolic blood pressures
become higher at waking than bedtime. This phenom-
enon is called morning hypertension. It is considered
a type of masked hypertension because it cannot be
detected by blood pressure measurements in a doctor’s
office. A stroke, myocardial infarction, and sudden death
occur more frequently in the morning, and one of the
causes is thought to be early morning hypertension.

It was thought that losing weight would lower the blood
pressure and cardiac failure markers, but the measure-

Figure 2: Weight changes (kg) at waking and bedtime from
May 3 to May 30, 2025

6)

ment results revealed that this was not the case. Figure
3 and 4 show that blood pressure did not decrease, de-
spite weight loss. The blood pressure rose dramatically in
the week of May 30. The reason for this result is thought
to be that he ate high-salt meals when eating out. There-
fore, it is thought that his cardiac failure markers did not
decrease on June 14th, even though his weight was ap-
proaching his standard weight (66 kg). Namely, it is un-
clear whether the cardiac rehabilitation, dietary therapy,
and medication, which were the objectives of this study,
were having any effect.

The average pulse-rates at waking and bedtime on
a weekly basis are explained in Table 7. The table is
graphed in Figure 5. The average pulse rate for the elder-
ly is 50 to 70 beats per minute. The subject was consis-

Table 6: Changes in weight and blood pressure at waking and bedtime each week from March 22 to June 27, 2025

3/28  -4/04 -4/11 -4/18 -4/25 -5/02 -5/09
7048 7017 7019 6946 6934 6916 6933
7118 708 707 7026 6984 6996 69.86
1106 1121 113 1166 1166 1236 1213
- Weekly - 816 843 816 842 87 908 924
Weight(at waking) 1029 991 1005 938 989 100 976
Weight(bedtime) 750 736 744 691 712 757 713

Systolic blood pressure (at waking)
Diastolic blood pressure (at waking) 5/16 -5/23  -5/30  -6/06  -6/13  -6/20  -6/27
Systolic blood pressure (bedtime) 6213 6934 6876 6703 6611 6661 6686
Diastolic blood pressure (bedtime) 698 0996 6903 6756 6709 6729 6/48
1233 1251 1349 1212 1178 1129 1201
892 930 98 915 891 853 882
974 1002 1173 975 94 921 965
722 741 854 744 710 696 715

R - IR
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Blood pressure (mmHg)

—e— Atwaking —%— Bedtime

72

68

150

S
100 — x\x/—/’\x/‘e——x\x

50 x x x x x x

-3/28  -4/4  -4/11 -4/18 -4/25 -5/2  -5/9

Figure 3: Changes in weight and blood pressure at waking
and bedtime each week from March 22 to May 9, 2025

Pulse

—e— Atwaking —k— Bedtime
72

70

Weight (kg)

100
85

Blood pressure (mmHg)

50 x x x x x x
-5/16  -5/23 -5/30 -6/6 -6/13 -6/20 -6/27

Figure 4: Changes in weight and blood pressure at waking
and bedtime each week from May 10 to June 27, 2025

Table 7: Weekly changes in average pulse rate at waking and bedtime

-4/11 -4/18  -4/25  -5/02  -5/09
7486 7629 7157 7207 705
7443 7443 7579 7593 70.14

-3/28  -4/04
76.5 7771
Weekly 7493 7393

Pulse rate (at waking)
Pulse rate (bedtime) 5/16 -5/23
74.5 78.79
7529 76.14

-5/30  -6/06  -6/13  -6/20 -6/27
82.7 7936 7979 7986 7886
84 7686 7686 7921 7825

50 |~

40 I N S A I Iy I N
TI-2Qy2e0282828R
B ¥ o I e e e
I L T L

Figure 5: Changes in pulse rate at waking and bedtime each
week from March 22 to June 27, 2025
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tently high. His pulse rate was especially high during the
week of May 30 when his blood pressure was high. There
was little difference in pulse rate between at waking and
bedtime.

(7) The "non-arrhythmic rate” by week is shown in Table 8.
The graph is shown in Figure 6. The number of times that
the electrocardiograms were checked for arrhythmia
was 28 per week. The number of cases that were not ar-
rhythmia among them, was examined. As a result, it was
found that the number was gradually increasing.

7. Conclusion

It is said that improvement cannot be expected merely due
to medication in the case of chronic cardiac failure. The car-
diac rehabilitation method is a scientifically proven method
for strengthening the cardiac, so its effectiveness cannot be
denied. Diet therapy has a major impact on the cardiac, blood
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Table 8: Changes of “non-arrhythmic rate” by week

-3/28  -4/04  -4/11 -4/18  -4/25  -5/02  -5/09
Weekly ~ 1/28  2/28 1/28 0/28 1/28 0/28  2/28
Rate -5/16  -5/23  -5/30  -6/06 -6/13 -6/20 -6/27

1/28  3/28  1/18

1728 2/28  4/28  2/26

5/28

4/28

3/28 —

2/28 —

1/28

0
LI 22LILTLRIL2R
B e o e @
AU U O A o

Figure 6: Weekly “non-arrhythmic rate” from March 22 to June
27,2025

vessels, and blood pressure. Therefore, it can be concluded
that “cardiac rehabilitation” and “dietary therapy” were effec-
tive based on the results in Figure 6. However, since this is a
single case report, there are limitations in generalization. In
addition, in this experiment, there was no control group, and
the evaluation of the effect was insufficient.
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