
Potential for Routine Exercise and 

Electrical Muscle Stimulation 

(EMS) to Prevent Dementia

Toshio Moritani
Professor Emeritus
Kyoto University
Visiting Professor
Kyoto Sangyo University/Chukyo University



JAMA. 2011;305(1):50-58

Objectives: To evaluate the relationship between
gait speed and survival.
Methods and participants: Pooled analysis of 9
cohort studies using individual data of 34,485
community-dwelling adults aged ≥65 years with
baseline gait speed data, followed up for 6 to 21
years.

Results: There were 17,582 deaths. Overall 5-year
survival rate was 84.8% and 10-year survival rate
was 59.7%. Gait speed was significantly correlated
with survival in all studies (0.88, p<.001). At age 75,
predicted 10-year survival was widely ranged from
19-87% in men, and from 35 to 91% in women.M
ed

ia
n

 s
u

rv
iv

al
 (

ye
ar

)

Age (year)

Male

M
ed

ia
n

 s
u

rv
iv

al
 (

ye
ar

)

Age (year)

Female

Walking distance and 
time are important.

Gait speed is even more 
important!



Dementia risk can be determined by “stride length”

• 10 years ago, the research team of Tokyo Metropolitan Institute of 
Gerontology  studied 1,149 subjects aged ≥70 years in 2 regions or namely 
the Niigata and Gunma prefectures.

• They measured physical functions (such as grip strength, one-leg stand and 
stride length) and tested cognitive function

Classification of stride length (cm)

Relationship between stride length and dementia 
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Rapid increase of 
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Diabetes: 7.4 million 31.5-fold
Potential diabetes: 
8.8 million

1955 1960 1965 1970 1975 1980 1985 1990 1995 2003

National Health and Nutrition 
Survey (2007) results:
Diabetes: 8.9 million

Potential diabetes: 13.2 million

10 most diabetic countries in the world (2011 and 2030) (unit: million)
2011

2030

1. China
2. India
3. US
4. Russia
5. Brazil
6. Japan
7. Mexico
8. Bangladesh
9. Egypt
10. Indonesia

6.       Japan

1. China
2. India
3. US
4. Brazil
5. Bangladesh
6. Mexico
7. Russia
8. Egypt
9. Indonesia
10. Pakistan
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Source: International Diabetes Federation (IDF) “Diabetes Atlas 5th edition” (2011)



Kenji Miyazawa “Be not Defeated by the Rain”

Eat 4 ‘gos’ of brown rice with some miso and a few vegetables a day

University of Hyogo
Lab. Nutrition Education

1896-1933

Courtesy of Professor Narumi Nagai of University of Hyogo



Modified from DeFronzo, RA (Diabetes 1988; 37: 667-687) (Moritani)

Glucose 
metabolism

Splanchnic

Adipose

Muscle

Brain

Controls Type 2 diabetic patients



Skeletal muscle burns the largest amount of 
carbohydrates.

The largest blood glucose uptake 
organ within the insulin target 
organs

Accounts for around 70% of the total

Diabetes is a metabolic disorder of the muscle!

Glucose is the main energy source for the brain
(Around 20% of the total energy)

DeFronzo, RA (Diabetes 1988; 37: 667-687)

Muscle is an organ that 
both prevents and helps 

improve diabetes



.

Neural
plasticity
•Enhancement of 
synaptic transmission
•Enhancement of long-
term memory (LTP)
•Improvement of 
learning capacity
•Promotion of synaptic 
protein synthesis

Neuroprotective
action
•Inhibition of ischemic 
damage

•Inhibition of neuroaxonal 
damage

Neurotrophin
transmission
•Promotion of nerve 
cell survival

•Promotion of nerve 
cell differentiation

•Promotion of nerve 
cell divergence

Cotman and Berchtold,Trends Neurosci., 25:295-301, 2002

Exercise increases the brain-derived 
neurotrophic factor



Cotman and Berchtold,Trends Neurosci., 25:295-301, 2002

Exercise increases the brain-derived 
neurotrophic factor



BDNF&PGC-1α

Am J Physiol Regul Integr Comp Physiol 298: R372–R377, 2010

Brain-derived neurotrophic factor (BDNF) is 
reduced in patients with major depression and 
type-2 diabetes. Because acute exercise 
increases BDNF production in the hippocampus 
and cerebral cortex, we hypothesized that 
endurance training would enhance the release 
of BDNF from the human brain as detected 
from arterial and internal jugular venous blood 
samples.



BDNF&PGC-1α

PNAS 108: 3017–3022, 2011

The hippocampus shrinks in late adulthood, leading to 
impaired memory and increased risk for dementia. 
Hippocampal and medial temporal lobe volumes  are 
larger in higher-fit adults, and physical activity training 
increases hippocampal perfusion, but the extent to which 
aerobic exercise training can modify hippocampal volume 
in late adulthood remains unknown. 

This randomized controlled trial with 120 older adults 
showed that aerobic exercise training increases the size 
of the anterior hippocampus, leading to improvements in 
spatial memory. Exercise training increased hippocampal 
volume by 2%, effectively reversing age-related loss in 
volume by 1-2 years.

These findings indicate that the hippocampus maintains 
its plasticity in late adulthood and 1 year of aerobic 
exercise training was sufficient to increase hippocampal 
volume.  This increase in the hippocampus leads to 
production of a higher level of BDNF and improves the 
memory function, meaning that higher physical fitness 
could be a factor in preventing a decrease in hippocampal 
volume.
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problems

 Overweight

 Bedridden

 Covid-19 

infection

 Disaster refugee
…etc

Unable to exercise! 

Lifestyle disease
Key pillars for prevention and 

treatment!

Lack of exercise: Exercise is a global 

need for everyone regardless of age and 
gender.
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Metabolic mode



Diabetes Res Clin Practice 96:306-312, 2012

Objectives: To examine whether percutaneous
electrical muscle stimulation (EMS) attenuates
postprandial hyperglycemia in type 2 diabetes.

Methods: 11 patients with type 2 diabetes
participated in 2 experimental sessions: 30-min EMS
30 min after a breakfast or complete rest after a
breakfast. Blood was sampled before and at 30, 60,
90 and 120 min after the meal.

EMS

CON

Rest/EMS

Conclusion: These findings are the first evidence
showing that EMS can be an exercise modality to
attenuate postprandial hyperglycemia in type 2 diabetes.
This may especially be useful in patients with excessive
obesity, orthopedic disease, and severe diabetic
complications who are unable to perform sufficient
spontaneous exercise.



Comparison of muscle mass by CT scan
6-month EMS results for a patient with Guillain-Barre syndrome

[Lower legs]

At baseline

After study

[Femur]

20Hz 5 seconds ON 2 seconds OFF duty cycle for 
20 minutes 6 days a week 



Diabetes Res Clin Practice 142:37- 45, 2018



Study design: Randomized controlled cross-over trial
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EMS 
intervention

(Homer Ion Co. ltd.)

Frequency

4Hz
Voluntary 

decision
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1W: Low
≥2W: Endurable

Intensity 



Body composition

P=0.55 (t-test) P=0.13 (t-test)

P=0.049 (Wilcoxon test)

*(mean±SE)

19

Diabetes Res Clin Practice 142:37- 45, 2018
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(mean±SE)

Cognitive function-
related factor

BDNF is significantly increased
20

Continuous EMS can have an effect on cognitive function

BDNF increases without cerebral commands!

Diabetes Res Clin Practice 142:37- 45, 2018

Control InterventionControl Intervention



Case Study: Assistant Professor Yuichi Nishikawa, Kanazawa University

Effect of wearable small electrical stimulator (SIXPAD Body Fit) on BDNF

Attaches at the front of the femur

5 times a week for 8 weeks



Conclusions from this study

This study demonstrates the possibility that use of electrical

muscle stimulation (EMS) can yield benefits enabling persons to

maintain and improve their energy metabolism, muscle

hypertrophy and cognitive function at a level equal to or higher

than that of spontaneous exercise even among the physically weak

population (such as patients, the elderly, and those requiring

support or nursing care).

This study confirms that electrical muscle stimulation

significantly increased bioactive substances that help

promote glucose metabolism, muscle hypertrophy and

improved cognitive function.



Myoelectric medical treatment  for the world EMS

Evidence-based diversity
Ultra-fast muscle training for athletes

Nerve/muscle rehabilitation for athletes and patients
Control blood glucose and prevent dementia in diabetic 

patients
Prevent post-operative diabetes and thrombus
Prevent and treat incontinence
Prevent gestational diabetes and early postpartum recovery 
Prevent and improve metabolic and locomotive syndromes 

and bedridden patients
Increase muscle mass and improve autonomic nerve and 

immune function      etc..

For everyone from top athletes to bedridden patients!


