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ABSTRACT Diabetes Mellitus (DM) is a metabolic disorder characterized by high blood glucose levels
associated with periodontal disease and increased levels of inflammatory biomarkers such as
interleukin. Therapeutic effects of molecular hydrogen for a wide range of disease models and human
diseases have been investigated. This review aims to systematically analyze and review animal and
human studies investigating the effect of HRW on periodontal tissues, interleukin, or blood glucose
levels. An electronic search was conducted via PubMed/Medline, Google Scholar, Wiley Online Library,
LILACS, Science.gov, and Cochrane Central Register of Controlled Trials (CONTROL) using the
keywords "Hydrogen Water", "Diabetes Mellitus", "Interleukin" and "Periodontal disease" for studies
published between January 2011 to May 2021. After the elimination of duplicate items, the primary
search resulted in 101 articles. After excluding irrelevant articles based on abstract and title, full texts of
45 articles were read to exclude additional unrelated studies. Eight studies were included in this review
for qualitative analysis. The results showed that Drinking HRW exerts certain antioxidants for oxidative
gingival stress and anti-inflammatory effects by decreasing interleukin and decreasing blood glucose
levels for DM patients.
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INTRODUCTION

Diabetes Mellitus is a metabolic disorder ~wound healing, stroke, renal failure, anxiety,

characterized by high blood glucose levels. High
amounts of plasma glucose may cause damage to
the blood vessels, nerves, and body organs.! There
are two main types of DM. Type 1 Diabetes Mellitus
(T1DM) occurs due to insulin deficiency caused by
immune-mediated destruction of the pancreas' beta
cells, which produce insulin. In type 2 Diabetes
Mellitus (T2DM), insulin is resistant to its receptor in
muscle, fat, and other cells and causes activation of
the compensatory mechanism inducing {-cells to
secrete more insulin.2 T2DM occurs when the
compensatory increase in insulin is insufficient to
maintain blood glucose levels within the normal
physiological range. Uncontrolled Diabetes Mellitus
may lead to many complications, including delayed

retinopathy, and limb amputation.’?

The number of people with diabetes is
projected to increase from 171 million in 2000 to 366
million in 2030. Its prevalence has increased more
rapidly in middle and low-income countries, so it
deserves attention in dentistry. Metabolic disorders
increase inflammation of the periodontal tissues,
alter bone turnover, and increase the risk of alveolar
bone loss.2 Due to a compromised immune system
and reduced salivary flow, individuals with DM
have a higher incidence of dental caries, periodontal
disease, and oral infections. Similarly, as observed in
clinical studies, DM decreased osteoblast function
and consequently reduced bone density. Clinical
studies have shown that diabetes increased pro-
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inflammatory factors that accelerate bone resorption,
leading to reduced bone mineral density. 24

Most patients with DM show gingival
inflammation and a high risk for periodontitis.
Periodontitis is a chronic disease of the tooth-
supporting tissue, characterized by gingival
bleeding, periodontal pocket formation, connective
tissue damage, and alveolar bone loss.#> The
subgingival plaque biofilm is responsible for the
onset and progression of periodontitis. An abnormal
immune response to pathogenic bacteria is also
accepted as a risk factor for the development of
periodontitis.6 Patients with DM have been
systematically observed to experience an increase in
prevalence and intensity of periodontal disease
compared with healthy patients.” A prolonged
increase in blood glucose levels leads to advanced
glycosylated end products (AGEs). Periodontitis
occurs when AGEs react with receptors of advanced
glycosylation end products (RAGE) in the
periodontal tissue. In addition, studies have shown
that DM inhibits bone remodeling around teeth
undergoing orthodontic tooth movement. 378

Periodontitis is caused by pathogenic
microorganisms that activate an
immunoinflammatory response of the host.8910
Mediators released by inflammatory cells stimulate
periodontal cells to secrete metalloproteinases,
proteolytic enzymes that are directly responsible for
connective tissue destruction, and prostaglandins,
contributing to the destruction of the alveolar bone.
Gene polymorphisms encoding Interleukin (IL)-1
are the most prominent gene polymorphisms in
studies on periodontitis. IL-1 is a family of at least
ten molecules. The two most significant ones in the
pathogenesis of periodontitis are IL-1a, connected
with the cell, and IL-1PB, released into the
environment and showing agonistic action upon
binding with a receptor. 1112

IL-13 is a regulator of the body's
inflammatory response and is produced after
infection, injury, and antigenic challenges. It plays a
role in various diseases, including autoimmune
diseases such as rheumatoid arthritis, inflammatory
bowel disease, type 1 diabetes, diseases associated

MATERIALS AND METHODS

Focused question

The following research questions were
developed using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement: "What is the effect of HRW on
periodontal disease?" "What is the effect of HRW on
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with metabolic syndromes such as atherosclerosis,
chronic heart failure, and type 2 diabetes.!3

IL-18 was found to induce P-cells death,
which is enhanced by the cytokines IFNy and TNFa.
IL-13 has been shown to interfere with insulin
release, induce Fas expression, and thus allow Fas-
induced apoptosis in rodent and human islets, and
share similarities with glucose-induced apoptosis. In
line with the critical role of glucose in mediating
insulin secretion and proliferation, low IL-1p
concentrations also stimulate insulin release and
proliferation in rat and human islets.1214

Reactive oxygen species (ROS) are products
of normal immune responses against bacterial
pathogens. Still, excess production of ROS causes
oxidative stress, and such conditions damage DNA,
proteins, and lipids in host tissues. There is a close
relationship between oxidative stress and chronic
inflammation.1516.17

Molecular hydrogen has been identified as
one of the antioxidants that can reduce oxidative
stress.1822 Drinking water that contains a therapeutic
hydrogen dose of hydrogen-rich water (HRW) is an
easy method of sending molecular hydrogen into
the body. Several studies on HRW show that it can
reduce blood sugar levels in DM patients. Kajiyama
(2008) states that hydrogen water can prevent or
delay the development of T2DM and insulin
resistance by protecting against oxidative stress.?!

Kasuyama (2011) reported that the
antioxidant effect of HRW could suppress
periodontitis, but its effect on bacteria that cause
periodontal disease has not been confirmed.?? In
previous studies, it also showed that taking HRW
can stop ligature-induced periodontitis in mice.
Azuma (2015) also showed that drinking HRW has
additive effects on the non-surgical periodontal
treatment of improving periodontitis.? Kim (2017)
said HRW could inhibit the biofilm of pathogenic
bacteria. However, no systematic review has been
published to summarize and critically analyze the
studies undertaken on this topic.?* Therefore, this
review aims to summarize the literature on the effect
of HRW on periodontal disease, interleukin, or
blood glucose levels in diabetic and non-diabetic
patients.

interleukin?" and "What is the effect of HRW on
blood glucose level in diabetic subjects?"

Selection criteria

The following types of studies were
included in this review: (1) prospective clinical trials,
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(2) animal and human models, (3) assessment of
HRW effects in diabetic subjects, (4) effect of HRW
on Interleukin or periodontal diseases, (5) English
language, and (6) HRW by drinking. Reviews, case
reports and series, commentaries, letters to the
editor, short communications, and administration of
hydrogen water besides drinking (saline, spray,
subcutaneous, or injection) were excluded.

Search methodology

An electronic search was conducted in
PubMed/Medline databases, using the Medical
Subject Headings (MeSH) terms "Hydrogen Water",
"Diabetes Mellitus", '"Interleukin" '"Periodontal
disease" and combination between them, such as

"hydrogen water or periodontal disease", "hydrogen

water and diabetes", or "hydrogen water and
Interleukin" and the studies published between
January 2011 to May 2021. A similar search was
conducted via Google Scholar, Wiley Online
Library, LILACS, Science.gov, and Cochrane Central
Register of Controlled Trials (CONTROL). A
secondary search was conducted by reading the
reference lists of the articles meeting the inclusion
criteria for additional studies relevant to this review.
A summary of the search criteria and MeSH terms
used for searching via PubMed is presented in Table
1.

Table 1. A summary of MeSH terms, inclusion criteria, and exclusion criteria used for extracting literature
from PubMed for this study

MeSH terms Inclusion criteria Exclusion criteria
(1) Prospective clinical trials Reviews
“Hydrogen Water”, | (2) Animal studies Case reports and series
“Diabetes”, (3) Studies assessing the effect of HRW Commentaries
“Interleukin” and in diabetic subjects
“Periodontal (4) Effect of HRW in Interleukin or Letters to the editor
disease” periodontal disease,
(5) Studies in English Short communications
(6) HRW administration by oral intake | Hydrogen administration by saline,
(drinking) spray, or subcutaneous
RESULTS

After eliminating the duplicate items, the primary search produced 101 articles. After exclusion of
irrelevant articles based on abstract and title, full texts of 45 articles were read to exclude additional
unrelated studies. Eight studies were included in this review for qualitative analysis. The PRISMA flow
chart (Fig. 1) illustrates the search methodology and results. %

Records identified through
database searching [n = 101)

!

Records after duplicates
removed (n = 45)

-

Records excluded
{n = 56)

‘

Full text articles assessed for
eligibilty [n=15)

e

Full text article excluded (n = 7),
reason: hydrogen administration not
by oral intake/ drinking

Studies included in qualitative
synthesis [n= &)

Figure 1. PRISMA flow diagram for the search process employed for this review
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Table.2
General characteristics and outcome of studies conducted on the effect of HRW on periodontal tissues,
interleukin, and Blood glucose level

NO Author, Sample Study Duration HRW . Target Outcomes Ref
year Groups Concentration
1 Azuma Thirteen Two 8 weeks | HRW group | Periodontal HRW group 23
etal, patients (3 groups: drank 200- showed greater
2015 women, 10 1. The 300 mL of improvements
men) with control HW every in probing
periodontitis | group (n = time, 4-5 pocket depth
6) times/day and clinical
2. The HW for a total of attachment level
group 1000 mL (no than the control
(n=7) concentratio group.
n HRW group also
explanation) exhibited an
increased serum
level of total
antioxidant
capacity at four
weeks
2 Kasuya Twenty- four 4 weeks hydrogen Periodontal Consuming 22
maetal, | eightmale groups of concentratio tissues hydrogen-rich
2011 Wistar rats seven rats n; 800-1000 water might be
(8weeks-old) each: pg/1 beneficial in
(i) Control suppressing
group periodontitis
(if) HRW progression by
group decreasing
(iif) gingival
Periodontit oxidative stress.
is group
(iv)
Periodontit
is + HRW
group
3 Tomofu | Four-month- Two 12 hydrogen Periodontal Drinking 26
jietal, old male groups: months | concentratio tissues, IL hydrogen-rich
2014 Fischer 344 1. HRW n was =500 water is
rats (n =18) group mg/L proposed to
(n=6) (1 hour after have anti-aging
2. The electrolysis effects on
control of water) periodontal
group oxidative
(n=6, damage.
distilled Gene expression
water of NLRP3,
treatment). caspase-1, and
IL-1b in
periodontal
tissues obtained
from the
experimental
group was

a systematic review. JDS. 2021; 6 (1): 30-39

How to cite this article: Hutapea AM, Hadi L. Effect of hydrogen-rich water on periodontal disease, interleukin and blood glucose levels in diabetic:

© 2021 Syiah Kuala University Press
e-ISSN 2502-0412

33




Hutapea AM and Hadi L
Effect of hydrogen-rich water on periodontal disease

Journal of Syiah Kuala Dentistry Society

Literature Review

and improved
biomarkers of
inflammation
and redox
homeostasis.
Furthermore,
HRW
significantly
attenuated the
inflammatory
markers, such as
TNF-a, IL-6, and
CRP.

significantly
higher in the
experimental
group than in
the control
group.

4 | Yoneda | Male Fischer three 12 weeks | Concentratio | Periodontal | Drinking HRW 19
etal, 344 rats (n= | groups of n after 1 min | tissues, DM can inhibit
2017 18) six rats was 301.7 + gingival

each: 65.1 pg/L, oxidative stress
1. Control and that induced by
group after 24 h obesity, and
(normal was 186.3 + thus prevent
Diet) 55 pg/L. alveolar bone
2. High Fat resorption in rat
Diet Group models.
(HFD)
3. HFD +
HRW

5 Zheng Wistar rat 3 groups 3 weeks Above 1.0 DM The results 27
etal, 1.control ppm showed that
2021 (normal drinking HW

rats, n=10) suppressed the
2. DM rats increase in
(HFD+STZ glucose, total
, n=15) cholesterol,
3. DM rats oxidative stress,
+HRW and
(HFD+STZ inflammation.
+ HRW, Moreover, HW
n=15) also ameliorates
hyperglycemia-
induced liver,
kidney, and
spleen
dysfunction.

6 | Lebaron | 60 subjects 2 groups 24 weeks >5.5 DM, IL Supplementatio | 28
etal, (B0menand | Placebo & millimoles n with high-
2020 30 women) HRW H2/day concentration

with HRW
metabolic significantly
syndrome, reduced blood
prediabetes/ cholesterol and
diabetes glucose levels,
(fasting attenuated
glucose > serum
110 mg/dL) hemoglobin Alc,
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7 Sha et Thirty-eight two 8 weeks drinking IL Long-term 29
al, 2018 juvenile groups: consumption of
female the control hydrogen-rich
football group (n = water not only
players from 10) and exerts certain
the Suzhou HRW antioxidant and
Sports treatment anti-
School group (n = inflammatory
28) effects but also
enhances the
diversity and
abundance of
the gut flora of
the subjects.
Levels of serum
MDA, IL-1, IL-6,
and TNF-a
decreased in the
HRW groups.
8 | Kajisaet male 12- HRW- 4 weeks | 1.020.1 ppm IL Hydrogen water | 30
al, 2017 week-old treated downregulated
NC/Nga (n=11) and IL-1p and IL-33
mice PW-treated secretion in AD
(n=9) skin lesions and
groups prevention of
mast cell
infiltration at the
lesion site.

The eight quantitative studies selected for this
review published between 2011 and 2021 were
analyzed by reading the abstract, objective,
analytical data to gather information about the effect
of hydrogen water on periodontal disease,
interleukin, or blood glucose levels in patients or
without diabetes. In these studies, four studies were

DISCUSSION

DM has many implications on human
health, especially uncontrolled DM, it may damage
various organs and  tissues. @ Moreover,
uncontrolled DM may also lead to delayed wound
healing, recurrent oral ulceration, affects bone
metabolism, and leads to osteoporosis; however,
its pathogenetic mechanisms remain unknown.
High glucose conditions induced the production of
reactive oxygen species (ROS) and associated with
periodontal disease and increased levels of
inflammatory biomarkers such as interleukin-1f
(IL-1B), tumor necrosis factor-a (ITNF-a),
interleukin-6 (IL-6), and c-reactive protein (CRP).
712,13

Interleukins (ILs) are a group of cytokines
that were first seen to be expressed by white blood
cells (leukocytes). They play an essential role in the
activation and differentiation, proliferation,

conducted on animals and four others on human
models. HRW was consumed in varying
concentrations via drinking. Four studies examined
the effect of HRW on periodontal disease, while
three studies examined the impact of HRW on

diabetes mellitus. Table 2 summarizes the studies'

general characteristics.

maturation, migration, and adhesion of immune
cells. They also have pro-inflammatory and anti-
inflammatory  properties.’’12  Therefore, the
primary function of interleukins is to modulate
growth, differentiation, and activation during
inflammatory and immune responses. Interleukins
consist of a large group of proteins that can induce
many reactions in cells and tissues by binding to
high-affinity receptors on the cell's surface.’2

It has also been reported that the islets of the
pancreas produce and secrete IL-1B. Insulin-
producing B-cells in the islets of the pancreas is
particularly susceptible to IL-p-induced damage
and loss of function. The production of IL-1{-
derived macrophages in insulin-sensitive organs
leads to inflammation and induction of insulin
resistance in obesity. Liu (2020) and Maedler
(2011) reported the mechanisms involved in

JDS 2021; 6 (1): 30-40
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inflammation and, in particular, the IL-1p
signaling lead to the development of insulin
resistance and diabetes.1213

Diseases  associated = with  metabolic
syndrome are characterized by abnormal cytokine
production, including increased circulating IL-1f3,
elevated acute-phase proteins, e.g., CRP, and
inflammatory signaling pathways. Pro-
inflammatory cytokines can cause insulin
resistance in adipose tissue, skeletal muscle, and
liver by inhibiting insulin signal transduction. The
source of cytokines in an insulin-resistant state is
the insulin-target tissue itself, obese and liver, but
most of these are activated tissue-dwelling
macrophages. ~ While the infiltration  of
macrophages in adipose tissue and the brain has
been shown in many studies, increased islet
macrophage infiltration has recently been
observed in the pancreas of patients with T2DM. In
T2DM animal models, such as GK, HFD, and
db/db mice,12. At the same time, IL-1p signaling
causes damage and impaired insulin secretion in
[-cells, insulin signaling is impaired in the insulin-
target tissue. Maintaining the mass and function of
[B-cells to achieve normal glycemia is the main goal
of diabetes therapy.!314

In dentistry, clinical studies have revealed
that periodontitis is correlated with increased
oxidation of lipids, DNA, and proteins in gingival
crevicular fluid, saliva, or blood. Oxidative stress is
involved in periodontitis's pathogenesis, and
reducing  oxidative stress by consuming
antioxidants will be potentially therapeutic in
periodontitis.’® In the periodontal tissue, host cells
such as polymorphonuclear leucocytes produce
reactive oxygen species (ROS) as part of the host
defense against bacterial pathogens.’’13 ROS can
disturb the oxidant-antioxidant balance, leading to
many inflammatory diseases, such as diabetic
osteoporosis. 231  ROS damage cells through
various mechanisms, such as protein inactivation
and peroxidation of lipid membranes, which lead
to DNA damage and the stimulation of some
signaling pathways that lead to tissue damage.
ROS can induce periodontal tissue destruction,
which is associated with osteoclastic bone
resorption.?832 The NACHT-LRR-PYD domains-
containing protein 3 (NALP3) inflammasome is a
protein complex, including apoptosis-associated
speck-like protein containing a caspase activation
and recruitment domain (ASC) and caspase-1, and
it is essential for the maturation of IL-1p and IL-
18.282 It is implicated not only in inflammatory
disorders but also in numerous metabolic diseases.
Clinical studies have shown that periodontitis is
correlated with decreased total antioxidant status
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and increased lipid peroxidation in gingival
crevicular fluid, saliva, or blood.33-36

Drinking HRW is an alternative delivery of
molecular hydrogen. It can increase the
concentration of molecular hydrogen in blood and
tissues.?40 Clinical and animal studies have
demonstrated that drinking HRW provides health
benefits, such as the serum lipid profiles of those at
risk for metabolic syndrome. Molecular hydrogen
is considered a novel antioxidant that can reduce
oxidative damage. Drinking HRW can suppress
ligature-induced periodontal inflammation in a rat
model (Kasuyama et al., 2011)%, anti-aging effects
on periodontal oxidative damage (Tomofuji et al.,
2014)%, and enhanced the effects of non-surgical
periodontal treatment, thus improving
periodontitis (Azuma et al., 2015)%. On the other
hand, drinking HW suppressed the effects of a
high-fat diet on body weight gain and showed
lower serum and gingival 8-OHdG compared with
the obese rats. It is feasible that HW suppresses
obesity, which in turn might inhibit a systemic
increase in oxidative stress, including gingival
oxidative stress’®.

For T2DM, drinking HRW can suppress the
increase in glucose, total cholesterol, oxidative
stress, and inflammation. Moreover, HRW also
ameliorates hyperglycemia-induced liver, kidney,
and spleen dysfunction, so patients with T2DM
may improve their condition by supplementing
HRW as daily drinking water (Zheng, 2021).
Besides that, high concentration HRW would
improve the various biomarkers of metabolic
syndrome that are wusually involved in the
development of cardiovascular disease, namely
dyslipidemia (HDL, LDL, VLDL, TG),
inflammation (TNF-a, IL-6, CRP), oxidative stress
(MDA, TBARS, DNA conjugates, vitamins E and
C), and hyperglycemia (glucose, HbAlc). High-
concentration HRW improved several biomarkers
of cardiometabolic health in mid-age men and
women with metabolic syndrome, including BMI,
WHR, resting HR, blood lipids, glucose,
inflammation, and redox homeostasis (Lebaron,
2020)%.

The experimental and clinical studies have
shown that animals or humans can breathe
hydrogen or drink or inject HRW to protect the
heart, brain, liver, kidney, lung, and small intestine
from ischemia/reperfusion oxidative injury or an
inflammatory  injury after cardiac organ
transplantation by decreased levels of serum
MDA, IL-1, IL-6, and TNF-a. The potential
biological effects of hydrogen in sports have
drawn much attention from researchers in sports
science. The beneficial protective effects of
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hydrogen-rich water on the body have been
gradually confirmed in animal and human
experiments (Sha et al., 2018).2

The effects of HRW on the antioxidant
system have mostly been tested in in vitro or
animal models. The antioxidant activity of HRW in
the health sector was observed through a
comprehensive analysis of oxidative stress
biomarkers, blood immune cell profiles, and gene
expression. Consumption of HRW for four weeks
can induce a substantial increase in antioxidants
and decrease oxidative stress. Research shows
HRW significantly reduces the frequency of
apoptotic cells. HRW suppresses the expression of
genes involved in TLR / NF-xB signaling. As a
result, the level of pro-inflammatory cytokine
transcripts is significantly decreased.40-42

Hydrogen can dissolve in water up to 1.6
ppm at one atmospheric pressure. Dissolved
hydrogen concentrations vary widely depending
on the machinery used in the manufacture,
container, subsequent storage conditions, and
other factors.34¢ This difference may have a
significant effect on the efficacy of HRW. Zhou et
al. (2019) showed that the higher the concentration
of HRW, the faster the wound heals, and
significant reductions were observed in IL-6 levels
at the end of 1, 3, and 4 weeks.34

It has been reported that antioxidants exert
beneficial effects in diabetic mice, preserving in
vivo [-cells function. The administration of
electrolyzed reduced water to a mouse model of
T2DM improved islet p-cells function, thus
increasing circulating insulin release and enhanced

CONCLUSION

The results showed that long-term
consumption of hydrogen-rich water exerts certain
antioxidants for oxidative gingival stress and anti-
inflammatory effects by decreasing interleukin and
decreasing blood glucose levels for DM patients.
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