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ABSTRACT 
Introduction: Molecular hydrogen (H2) has emerged as a therapeutic 
medical gas that exerts multiple functions. H2 inhalation has been 
approved as safe, and some clinical studies showed that it effectively 
improved conditions of patients with a variety of disorders such as 
stroke, heart infarction, chronic obstructive pulmonary disease, cancer, 
and COVID-19. Urinary and fecal incontinences are unavoidable 
symptoms of advanced Alzheimer's disease (AD) dementia. In 
particular, fecal incontinence increases the level of confusion for 
patients and caretakers suffer from increased workloads.  
Materials and Methods: To assess the integrity of the neurons related 
to AD, the bundles of neurons passing through the hippocampus were 
visualized by modified diffusion tensor imaging (DTI) technology using 
advanced magnetic resonance imaging (MRI) 
Results: A 79-year-old woman with advanced AD continued to inhale 
3% H2 gas containing 21% oxygen twice daily for 1 hour and 
maintained clinical observations for 2 years. After the long period of 
inhalation of H2 gas, the patient went to the bathroom by herself for 
adequate excretion. She remained to be able to go to the bathroom 
for her bowel movements in time, afterwards. After the long-term 
inhalation of H2 gas, her MRI of the brain to generate DTI images with 
an anisotropic (FA) value of 0.2 (FA = 0.2) showed improved integrity 
of the hippocampal neurons along with these clinical improvements. 
Conclusion: This case report casts the question on the current 
understanding that the advanced and severe AD patients will never 
improve. 
Keywords: Alzheimer's disease; diffusion tensor imaging; fecal 
incontinence; hydrogen gas; neuronal integrity; urinary incontinence 
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INTRODUCTION 
Alzheimer's disease (AD) is the most common 
cause of dementia and significantly reduces 
cognitive ability, which can lead to memory loss 
and impaired daily activities. In the final stages 
of the disease, patients lose the ability to react to 
their environment, continue conversation, and 
control their movements. As memory and cognitive 
abilities continue to deteriorate, personality can 
change significantly and individuals require 
extensive care. The treatment currently under 
development for AD is aimed at improving the 
memory function1,2 and does not evaluate the 
improvement of other symptoms of AD as factors 
determining the quality of life.3 Urinary and fecal 
incontinences are unavoidable symptoms of 
advanced AD dementia. In particular, fecal 
incontinence increases the level of confusion for 
patients and workload of caregivers.4 At this 
stage, caregivers may want to take advantage of 
support services, such as hospice care, that focus 
on providing comfort and dignity at the end of 
life.5 However, with the increase in the number of 
patients, the lack of facilities providing such 
services adequately has become a serious 
problem. 

Molecular hydrogen (H2) was first 
reported as a therapeutic anti-oxidant by one of 
the current authors.6 Subsequent studies showed 
that H2 has multiple functions to be effective 
against a variety of disease models.7,8 We and 
others reported that inhalation of H2 gas has 
various benefits for elderly patients with stroke,9 
heart infarction,10 chronic obstructive pulmonary 
disease,11 cancer,12 and COVID-19.13,14 
Importantly, the safety of H2 gas inhalation was 
approved by a Phase I clinical trial.15 For 
dementia, a subgroup analysis of a randomized 
clinical trial reported that H2 improved conditions 
of subjects with mild cognitive impairment (MCI) 
who carry the apolipoproten E4 (APOE4) 
genotype.16 

As a more objective assessment, 
modified diffusion tensor imaging (DTI) as an 
advanced magnetic resonance imaging (MRI) 
technique can be applied to assess the neural 
integrity of AD patients.17-19 A previous study by 
us showed that inhalation of H2 gas for half a 
year led to improvement in patients with 
moderate AD. However, advanced AD patients 
with Alzheimer's Disease Assessment Scale-
cognitive subscale (ADAS-cog)20 above 50 
showed no improvement with half a year of 
inhalation.21 

This case report shows that two years of 
long-term inhalation of H2 gas improved clinical 
symptoms as well as urinary and fecal 
incontinences. In addition, DTI analysis revealed 
the improvement of the neuronal integrity after 
the long-term inhalation of H2 gas, along with 
clinical manifestations. 

 
MATERIALS AND METHODS 
Approval of this study 

Inhalation of H2 gas was carried out in 
accordance with the "Ethical Code of the World 
Medical Association (Declaration of Helsinki)". The 
protocol for this clinical trial was approved by the 
Nishijima Hospital Ethics Committee and pre-
registered at URL: http://www.jmacct.med.or.jp 
Clinical Trial Registration – JMACCT ID: 
JMAIIA00308. We received written informed 
consent from the family. 

The period of the approved study 
protocol was 6 months. However, if the patient's 
family hoped the continued inhalation of H2 gas 
at the end of the clinical trial, resumption of the 
inhalation was allowed with the full understanding 
that this was a supplement therapy and that any 
related outcomes was the patient's family's 
responsibility.  
 
Treatment 

H2 gas (3%) with 21% oxygen was 
produced using a portable H2 generator 
(Nishijima / Enoagas Hydrogen Generator) as 
described.9 Blood levels were confirmed to 
increase as described.9 The patient inhaled 3% 
H2 gas twice daily for 1 hour through a regular 
facial mask at the home where the patient lived. 
Patients with AD tend to remove the facial mask, 
so the family was asked to continue to observe the 
facial mask and inhalation with the patient for 1 
hour. The gas generator was checked monthly 
assuming proper gas production. 
 
Measurement of tube size by diffusion tensor 
image 

Brain MRI was conducted in the 
radiology department. Staffs did not have 
information about whether the subject was a 
participant in this study or a general outpatient. 
These results were blindly reported to the 
physician via an electronic chart system. 

 Five seed points were set at the site 
where the bundle of neurons passed through the 
entire hippocampus. We performed digital 
tractographic imaging using Neuro3D with 
GRAPPA technology. DTI was obtained with 
anisotropy (FA) values of 0.1 and 0.2. The tract 
size was calculated from the number of pixels in 
the tract image, and the number of pixels in the 
tract was calculated using Image J software. DTI 
at FA=0.1 reflects visualization of the entire 
neuron, whereas DTI at FA=0.2 reflects the 
visualization of higher integrity of neurons 
because DTI strictly shows more one-directional 
H2O diffusion along neuron fibers.  

 
 
 
 

https://esmed.org/MRA/index.php/mra/article/view/2951
https://esmed.org/MRA/mra


     Long-Term Inhalation of Hydrogen Gas for Patients with Advanced Alzheimer's Disease 

 

 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/2951  3 

RESULTS 
History of the patient 

The patient, a 79-year-old woman, was 
first diagnosed with typical AD in 2011 and was 
treated with AD medications such as donepezil, 
galantamine, and lithium. She got worse and her 
ADAS-cog score reached 48/70.20 

  She was then referred to us in 2017. At that 
time, the patient could not remember her birthday, 
could not write her name or cook, but could go to 
the bathroom alone for her urination and 
defecation. However, as symptoms worsened 
rapidly and no other treatment was available, the 
patient's family agreed to participate in our 
clinical study designed for the treatment of AD 
with H2 gas inhalation.21 Patients have been 
participated in this clinical trial for 6 months 
starting in August 2017. The ADAS-cog score had 
deteriorated to 52 by the end of the clinical trial 
with H2 gas inhalation in February 2018, but no 
rapid deterioration in other clinical conditions was 
observed. Brain MRI at that time also showed 
deterioration, and after 5 months, H2 inhalation 
was stopped. 
   After the clinical trial was over, her ADAS-cog 
score began to deteriorate again. However, the 
patient's family wanted to resume H2 inhalation 
because her family felt a slight but obvious 
improvement despite not matching her ADAS-cog 
scores. Since the clinical trial of H2 gas inhalation 
treatment had been completed, additional H2 
inhalation was resumed as a supplement therapy. 
The H2 gas inhalation began on April 19, 2019. 

   At that time, she could not flush the toilet with 
water or use the toilet paper. Her family noticed 
that her condition, including her bladder and 
bowel control, was gradually deteriorating. In 
January 2020, the frequency and severity of her 
fecal incontinence was not improved after 9-
month inhalation.  

In August 2020, she helped her husband 
in the kitchen and also helped washing the dishes, 
although this occurred only once. However, she 
continued to urinate involuntarily and show fecal 
incontinence. 

On November 18, 2020, her husband 
noticed that the patient went to the bathroom on 
her own and showed adequate excretion. Since 
then, she has mostly been able to go to the 
bathroom for her bowel movements in time. 
 
DTI measurement 

Neuronal integrity was assessed by 
diffusion tensor imaging techniques using 
advanced brain MRI.17-19 Figure 1 shows images 
with axial and lateral views, and the change in 
pixel count is shown in Figure 2. 

Initial H2 gas inhalation for 6 months (0-
6 months) significantly improved conditions of 
moderate patients (ADAS-cog score <50), as 
previously reported, but did not improve the 
conditions of the current patient. These findings 
suggest that inhalation of H2 gas for 6 months was 
effective for moderate patients, but not for 
advanced patients (ADS-cog score> 50), or it was 
not sufficient. 
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Figure 1. Diffusion tensor image of an advanced AD patient to assess neuronal integrity. 
From axial and lateral views, neuronal bundles that pass through the hippocampal region of the five 
seed points at FA=0.1 were visualized to reflect the total number of neuron bundles. Diffusion of H2O 
along the neuron is manifested at FA=0.2 rather than FA=0.1, reflecting the integrity of the neuron. A, 
B, C, and D were taken with images at 0, 5, 29, and 54 months, respectively. During A-B and C-D periods, 
the patient inhaled H2 gas. 
 

At FA = 0.1, which reflects the entire 
neuron, the number of pixels gradually decreased 
(5 - 29 months) before inhaling H2 gas (Fig. 2A 
and B). At FA = 0.2, which reflects the higher 
integrity of the neuron, and a decrease in the 
number of pixels suggests a decrease in nerve 
function. The tract with high FA values (FA=0.2) 
was the most sensitive to change. It was clearly 
reduced from FA = 0.1 (Fig. 2C-F). 

After inhalation for 2 years, the number 
of pixels increased slightly at FA = 0.1 and FA = 
0.2, and the increase was more apparent at FA = 
0.2 over FA = 0.1 (29-53 months) (Fig. 2). These 
results suggest an improvement in the neuronal 
integrity after long-term inhalation of H2 gas, 
which may require a prolonged period such as 2 
years or more. 
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Figure 2. Time-course of diffusion tensor image. 
Time-course of changes in the number of pixels in the neuron bundle visualized at FA=0.1 and FA=0.2. 
A and C (axial view) and B and D (lateral view) show the number of pixels at FA=0.1 and FA=0.2, 
respectively. For normalization, FA=0.2 / FA=0.1 are shown by E (axial view) and F (lateral view). 
 
DISCUSSION 

Ageing is the strongest risk factor for AD, 
suggesting multiple factors are involved in the 
etiology of AD in a complex manner. Most AD 
drug developments to date have focused on 
targeting a single mechanism according to 
conventional strategies. Multifactorial mechanisms 
and multi-target strategies have been considered 
to develop disease-modifying drugs.  

 H2 was first reported as a therapeutic 
antioxidant by one of the present authors.6 
Subsequent studies have shown that H2 exerts 
multiple functions such as anti-oxidation, anti-
inflammation, anti-cell death and stimulation of 
energy metabolism.7,8 Thus, H2 may have the 
potential for a multi-functional drug by itself. H2 
inhalation has actually been applied in several 
clinical areas. The most important feature of H2 is 
the safety for the human body without cytotoxicity, 

as approved in a Phase I clinical trial.15 Moreover, 
H2 has the characteristics of crossing the blood 
brain barrier by gaseous diffusion without a 
specific drug delivery system to the brain.22 

  Regarding the molecular mechanism, H2 
suppresses the nuclear factor of activated T cell 
(NFAT) transcription pathway through modifying 
oxidized phospholipids, and regulates various 
gene expression patterns.23,24 NFAT signaling 

plays an important role in promoting amyloid β-

mediated neurodegeneration.25 Moreover, the 

NFAT transcriptional cascade affects amyloid β 

synaptotoxicity.26 Therefore, the beneficial effects 
of H2 on AD may be explained by the suppression 
of NFAT transcriptional regulation. 

The number of patients with AD is increasing 
rapidly around the world. Incontinence, especially 
loss of bowel control, is the most common reason 
for these patients to enter a facility. It is hoped 
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that if fecal incontinence in patients with 
advanced AD can be improved by some new 
treatments, AD patients might be able to be cared 
for in their own home. A notable advantage of H2 
inhalation is its low cost. Using an H2 gas 
generator that utilizes distilled water costs only 
$ 1 a month after purchasing a generator for 
about $ 6,000. 
   This case report describes improvement in only 
one case, and it is not clear whether the 
improvement is actually due to H2 gas. The 
disadvantage is that it can take a very long time 
to observe the effects of treatment, so it is 
necessary to create a comfortable device or 
system for actual long-term application. 
 
CONCLUSION 

   The current case report is valuable even 
as a single case because the current general 
understanding that advanced and severe AD 

patients will never improve can be dispelled. 
Further studies will be needed involving more AD 
patients to confirm the current results. 
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