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Background: Hydrogen molecules, which have excellent antioxidant and anti-inflammatory effects, are absorbed
through the skin and spread hematogenously throughout the body. Hydrogen-water bathing (HWB) is expected
to be effective against atopic dermatitis (AD); however, its usefulness remains controversial in humans.
Objective: This study aimed to determine whether HWB has the potential to have a therapeutic effect in a pilot
study conducted on six patients with AD.

Methods: AD severity was assessed based on the itching intensity per the visual analog scales (VAS) and the
transepidermal water loss (TEWL) values of the lesions, in addition to macroscopic observations.

Results: HWB for eight weeks ameliorated the severity of rashes and increased TEWL levels in the trunk/limb
areas that could be completely immersed in the bathwater, resulting in ameliorations in severe itching. The
specificity of its therapeutic effect was further investigated in one patient who first underwent HWB for four
weeks, discontinued it for two weeks, and resumed it for another four weeks. The rashes on the trunk/limb areas
visibly improved after four weeks of HWB but worsened again after it was stopped for two weeks, only to
improve again after the resumption of HWB for four weeks. The VAS and TEWL values also showed changes that
reflected the skin condition.

Conclusion: These results suggest that HWB may be useful in the treatment of AD. To conclude the effectiveness of
HWB for AD, it needs to be supported by randomized controlled trials with larger sample sizes and longer study

durations in the future.

1. Introduction

Atopic dermatitis (AD) is a chronically relapsing, pruritic, eczema-
tous skin disorder that occurs alongside allergic inflammation [1-3].
Many patients with AD have an “atopic diathesis,” such as medical
and/or family histories of developing allergies or a condition associated
with the easy production of immunoglobulin E antibodies, which are
associated with allergy development [2]. AD is caused by a combination
of various environmental factors such as stress, skin conditions, and
allergens (including mites, dust, and food). Its causes, clinical manifes-
tations, and exacerbating factors are individually different [2,4,5].
However, AD is generally characterized by skin barrier impairments [6,
71, released inflammatory cytokines and chemical messengers [8-10],
increased oxidative stress [11-13], and dysfunctional immune systems

(such as Th1 and Th2 imbalances) [14,15]. These are closely involved in
the pathogenesis and exacerbations of AD [11,16].

The outermost stratum corneum of the normal skin acts as a barrier
to excessive skin water loss (transepidermal water loss, TEWL) and
allergen (such as bacteria and outside irritants) invasion [17]. However,
the barrier function of the skin of patients with AD is compromised,
resulting in water loss and dry skin [6]. Therefore, various foreign
substances, such as allergens and irritants, easily pass through the gaps
in dry skin [18], after which they are detected by immune and/or in-
flammatory cells, causing allergic inflammation. Various bioactive
substances, such as cytokines (interleukin [IL]—4, IL-13, IL-33, IL-25,
IL-1B, etc.), chemokines (thymus- and activation-regulating chemokine
[TARC], macrophage-derived chemokines, cutaneous T-cell-attracting
chemokine, etc.), and chemical mediators (histamine, leukotriene B4,
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substance P, etc.) are released from various cells (such as inflammatory,
immune, and epidermal cells) and form lesions through their complex
interaction with each other in inflammatory skin lesions [11,16].
Oxidative stress due to reactive oxygen species (ROS)-antioxidant
imbalance and Th1l/Th2 immunity or cytokine imbalance are also
closely associated with AD development and exacerbation/severity
[12-15,19,20].

Also, dry skin often causes hyperesthesia. Sensory nerve fibers in
normal skin terminate at the boundary between the epidermis and
dermis; however, in dry skin, the fibers proliferate and extend just below
the stratum corneum that makes up the skin surface [21]. Various
itching substances, such as cytokines, chemokines, and chemical medi-
ators that are released into the skin lesions easily act on stretched nerve
fibers; thus, itching is sensitively detected and enhanced. Particularly,
barrier dysfunction induces susceptibility to various external stimuli and
allergens [18]. Therefore, even a slight stimulus causes itching, pro-
motes scratching behavior, and further destroys the skin barrier, form-
ing a vicious circle called a negative spiral [16,22].

Hydrogen molecules (Hy) have excellent antioxidant and anti-
inflammatory actions, as well as antiapoptosis, antiallergy, and energy
metabolism activation [23-26]. The biological safety of hydrogen water
was confirmed in mutagenicity tests using several bacteria, genotoxicity
tests using Chinese hamster lung fibroblast cells, and subchronic oral
toxicity tests using rats [27]. Hydrogen was also confirmed to be non-
cytotoxic and safe in humans, even at high concentrations, in deep-sea
diving studies using hydrogen-containing breathing gas [28,29] and
an intravenous hydrogen administration study in patients with acute
cerebral ischemia [30]. Therefore, its medical application is expected as
a new strategy for the prevention and treatment of many diseases, such
as diabetes, arteriosclerosis, cognitive impairment, cancer, and allergies
[23-26,31-34].

Among various beneficial effects, drinking hydrogen water abolishes
immediate-type allergic reactions through radical scavenging activity in
mice [35]. Regarding AD, drinking hydrogen water ameliorated the
Dermatophagoides farina allergen-induced [31] and 2,4-dinitrochloro-
benzene-induced AD [36] in AD model NC/Nga mice. These effects
were associated with antioxidant stress, selective ROS removal, in-
flammatory cytokine level reduction, immunoglobulin E antibody sup-
pression, and cytokine or immune imbalance amelioration [31,36]. We
previously demonstrated that drinking hydrogen water abated the
severity of AD-like skin lesions such as erythema/hemorrhage, edema,
erosion/excoriation, and dryness, which was associated with TEWL
suppression, mast cell infiltration, and proinflammatory cytokine (such
as IL-1p and IL-33) secretion in skin lesions, and serum TARC suppres-
sion in NC/Nga mice [37]. Additionally, hydrogen water intake via tube
feeding has resulted in reduced wound size and early recovery for
severely hospitalized elderly patients with pressure ulcers [38]. These
pieces of evidence suggest the effectiveness of hydrogen water con-
sumption in the treatment of AD.

Hydrogen-water bathing (HWB) is another method of efficiently
bringing hydrogen into the body (in addition to drinking). Hydrogen
easily passes through the skin and distributes throughout the body via
circulation [24,25]. Thus, HWB, which directly takes in hydrogen
through the skin, seems more effective for AD treatment. In a previous
study, HWB inhibited ultraviolet B radiation-induced skin injury,
increased ROS, and increased the activity of inflammatory cytokines
(including IL-1p, IL-6, tumor necrosis factor-o, and interferon-y) in
hairless mice [39]. In healthy humans, HWB not only increases the skin’s
elasticity and water content [40] but also cleanses pores that are clogged
with keratin plugs and promotes blood flow in capillaries [41].
Furthermore, HWB significantly improved the wrinkles on the back of
the neck in healthy female volunteers (31.5 + 11.4 years), a finding that
is associated with ROS scavenging and type I collagen synthesis pro-
motion in the dermis [42]. A case study reported that HWB improved
extensive skin blotches on the left lower leg in a 41-year-old female
patient as well as back and chest pimples and dry skin that were present
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for years in a 48-year-old female patient [43]. In another study, HWB
abated the severity of chronic inflammatory skin diseases, psoriasis, and
parapsoriasis en plaques as assessed by the psoriasis region severity
index score and the itching score using the visual analog scale (VAS)
[44]. These findings suggest that HWB could be effective in treating AD.
However, to our knowledge, no studies have scientifically investigated
the therapeutic effect of HWB on humans with AD.

Therefore, the present study aimed to determine whether HWB has
the potential to have a therapeutic effect in a pilot study including six
patients with AD based on the itching (assessed using the VAS) and
TEWL values of the lesions and macroscopic observation to assess AD
severity.

2. Material and methods
2.1. Participants and ethics statement

This study included six patients with AD (one male and five females,
mean age: 39.2 + 3.40 years) and seven healthy adult volunteers (two
males and five females, mean age: 31.4 + 2.9 years) as controls.
Informed consent was obtained from all participants. All procedures
performed in the present study complied with the Helsinki Declaration
and the Ethical Guidelines for Medical and Health Research Involving
Human Subjects. The study was approved by the Ethics Committee of
Medical Corp Koyokai (KEC-2017-01).

2.2. Experimental designs

2.2.1. Severity assessment of AD in patients with the condition compared to
healthy subjects

The severity of AD in patients with the condition (n = 6) was assessed
by gross observation (photographing), the intensity of itching per self-
assessed VAS, and the TEWL value in skin lesions. These assessments
were performed at the first visit to the Kampo outpatient department of
Juntendo Hospital (Tokyo, Japan). Patient data were compared to those
of healthy subjects (n = 7). The nighttime VAS evaluation (before
bedtime) was conducted at each person’s home.

2.2.2. HWB effects

2.2.2.1. Evaluation of HWB for eight weeks. To assess the therapeutic
effectiveness of HWB on AD, five out of six patients with the condition
bathed at home in hydrogen water (at a temperature of 38 °C—40 °C) for
30 min every afternoon for eight weeks (56 days). All subjects self-
assessed the degree of itching two times a day; i.e., in the daytime and
in the nighttime (before bedtime), using the VAS during the experi-
mental period. We aggregated these data weekly to calculate each
average value in the daytime and the nighttime per week. Photographs
were taken and TEWL measurements of the dermatitis areas in all pa-
tients were performed between 15:00 and 17:00 in the Kampo outpa-
tient department of Juntendo Hospital at the Oth (pre-data), 4th, and 8th
weeks of the experiment.

2.2.2.2. Effects of stopping and resuming HWB. Only one of six patients
was enrolled to assess the specificity and persistence of HWB effects on
AD. The subject first performed HWB at home for four weeks, dis-
continued it for two weeks (during which, normal bathing was per-
formed instead of HWB), and resumed for four weeks. The itching
intensity was self-assessed twice daily in the daytime and nighttime
(before bedtime) using the VAS during the ten-week (seventy-day)
experiment. We aggregated these data weekly to calculate each average
value in the daytime and nighttime per week. Photographs and TEWL
measurements of skin lesions were performed between 15:00 and 17:00
in the Kampo outpatient department of Juntendo Hospital at O (pre-
data), 4, 6, 8, and 10 weeks of the experiment.
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2.3. HWB preparation using a hydrogen generator

A pot-type hydrogen generator (Hydrogen SPA® H-Pot, device size;
width 140 mm x depth 140 mm x height 190 mm, Gohda water
treatment technology Co. Inc., Tokyo, Japan) was used to generate
hydrogen in a bathtub containing warm water. Hydrogen generation in
this device is done using the “metal magnesium reaction method” in
which metallic magnesium (Mg) reacts with water to yield hydrogen as
shown by the following reaction: Mg + 2 HoO — Mg(OH)3 + Hy. Briefly,
after removing the large perforated upper lid of the pot-type device, four
magnesium cores (core size: width 73 mm x depth 35 mm x height 70
mm, magnesium purity >99.9%) were set on the bottom of the device.
After closing the upper lid, approximately 4 g of citric acid was added as
a catalyst (activator) for hydrogen generation through a hole in the
upper lid, and warm water (approximately 40 °C) was poured. The de-
vice was left for 2-3 min to promote hydrogen production. After con-
firming that sufficient hydrogen was generated, it was submerged in the
bathtub containing the bathwater (at a temperature of 38 °C—40 °C).
The Mg core in the device continued to generate hydrogen in the
bathwater. After the subject bathed for 30 min, the device was removed
from the bathwater, dried naturally, and kept until the next use.

The hydrogen concentration, which was measured using the ENH-
2000 Portable Dissolved Hydrogen Meter (Sato Shouji Inc. Kanagawa,
Japan), was 294 ppb in 320 L of warm water (at a temperature of
38-40 °Q).

2.4. Itching assessment using VAS

The VAS is an internationally widely used scale for quantifying
subjective clinical manifestations (symptoms, such as itching), which
consists of a 100-mm-long line and one question [45,46]. The left point
(0 mm) represents “no itch” and the right endpoint (100 mm) represents
the “worst imaginable itch.” The patient marked the degree of pruritus
felt on the line. The intensity of itching was quantified as a VAS score by
measuring the distance from the 0-mm point.

2.5. TEWL assessment

Before measuring TEWL, subjects acclimatized for 30 min in a room
at room temperature (24 °C—25 °C) and 50%—55% humidity. Mean-
while, the subjects marked their itchy areas (dermatitis areas) on the
illustration sheet (Fig. 1) showing the front and back of the whole body.
The itchy sites were then examined by a medical doctor, and TEWL
levels in the areas were measured using the TM300-Tewameter probe
connected to an MDD4 multi-display device (Integral Co., Tokyo,
Japan). Additionally, photographs of lesions were taken as needed. The
location and number of TEWL measurements varied from person to
person because the sites of onset of lesions varied too. Therefore, the
measured values were finally assessed by dividing them into two areas:
the “head/neck,” which included the @ forehead, @ cheeks, @ neck,
and @ shoulders, representing areas that were insufficiently immersed
in the bathwater, and the “trunk/limb,” which included the ® chest, ®
abdomen, @ and ® back, including waist, and @®-® limbs (arms and
legs), representing areas that were sufficiently immersed in the bath-
water. The TEWL values for both areas in the AD group were expressed
as the average of the measured values at the observed lesion sites in each
of the six patients with AD.

2.6. Statistical analysis

A comparative study of itching severity in patients with AD and
healthy subjects was expressed by the VAS and TEWL data as the mean
+ standard error of the mean (SEM) for subjects in each group. Statis-
tical significance was assessed using Dunnett’s multiple comparison test
after the unpaired nonparametric Kruskal-Wallis test.

The VAS and TEWL data were expressed as the mean + SEM of five
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Fig. 1. Illustration sheet showing the front and back of the whole body and
transepidermal water loss (TEWL) measurement sites. TEWL levels on the @
forehead, @ cheeks, ® neck, @ shoulders, ® chest, ® abdomen, @ and
back including waist, and ®-@® limbs (arms and legs) were measured using the
TM300-Tewameter probe connected to an MDD4 multi-display device. The
measured values were finally averaged by dividing them into two areas,
including the “head/neck” @®-® (which was insufficiently immersed in bath-
water) and the “trunk/limb” ®-® (which was sufficiently immersed
in bathwater).

patients with AD in the eight-week HWB evaluation study. Statistical
significance was assessed using Dunnett’s multiple comparison test after
Friedman’s paired nonparametric test.

The TEWL data were expressed as the mean + SEM of 20 measure-
ment sites in a single patient with AD in a ten-week evaluation study
consisting of HWB, discontinuation, and re-bathing. Statistical signifi-
cance was assessed using Dunnett’s multiple comparison test after
Friedman’s paired nonparametric test. Statistical analysis of VAS data
was not conducted because there was only one subject.

The threshold for statistical significance in this study was set at
P < 0.05.

3. Results

3.1. The severity of AD in patients with the condition compared to healthy
control subjects

Fig. 2A shows skin conditions of the foreheads, necks, arms, backs,
and legs of patients with AD and those of healthy control subjects.
Rashes (eczema), dry skin, and scabs were observed on the foreheads,
necks, arms, backs, and legs of patients with AD compared to the control
subjects.

Fig. 2B shows the daytime and nighttime itching intensity as self-
assessed by patients with AD and control subjects using the VAS. Day-
time and nighttime VAS scores in patients with AD significantly
increased, indicating that both itching intensities in patients with AD
were stronger those in control subjects. The intensity of pruritus in pa-
tients with AD did not differ significantly between the daytime and the
nighttime; however, nighttime itching was stronger than daytime
itching.

Fig. 2C shows the TEWL values in patients with AD and control
subjects. The TEWL values in the head/neck and trunk/limb areas of
patients with AD significantly increased, indicating that their skin lesion
areas were significantly drier than the corresponding areas of the control
subjects.
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Fig. 2. The severity of atopic dermatitis (AD) in patients compared to that in healthy control subjects. The severity of AD in patients was assessed by (A) macroscopic
observation, (B) itching intensity evaluation using the visual analog scale (VAS), and (C) TEWL values of skin lesions. (A) The photographs show typical skin
conditions on the forehead, neck, arms, back, and legs in patients with AD compared to those in control subjects. (B) All subjects performed self-assessments of the
degree of itching twice daily, in the daytime and nighttime (before bedtime), using the VAS. (C) TEWL values in the head/neck and trunk/limb areas of patients with
AD and the corresponding areas of healthy controls were measured using the TM300-Tewameter probe connected to an MDD4 multi-display device. (B) and (C) VAS
and TEWL data are expressed as the mean + SEM of seven subjects in the control group and six subjects in the AD group. Statistical significance was assessed using
Dunnett’s multiple comparison test after the unpaired nonparametric Kruskal-Wallis test. “P < 0.01 and ™"P < 0.001 vs. corresponding data from control subjects.

3.2. Ameliorating effect of HWB on dermatitis

Fig. 3 shows skin lesion changes and the VAS and TEWL values in
patients with AD who underwent HWB for eight weeks.

Neck (throat) rashes, which were insufficiently immersed in bath-
water, showed a tendency to slightly decrease with an 8-week HWB;
however, there was no significant improvement. Meanwhile, trunk/limb
area rashes, which were sufficiently immersed in bathwater, signifi-
cantly improved by the end of the eight-week HWB period (Fig. 3A).

The VAS score before bathing (week 0) increased more in the
nighttime than in the daytime; however, there was no significant dif-
ference between the two, and the VAS levels in both time zones gradu-
ally decreased during the eight-week HWB period. Significant
reductions in the daytime and nighttime VAS levels were observed from
seven and eight weeks of bathing, respectively (Fig. 3B).

Fig. 3C and D show TEWL value changes in the head/neck and trunk/
limb areas after HWB. Head/neck rashes were slightly improved after
bathing as aforementioned; however, the TEWL values did not differ
significantly after the eight-week HWB period (Fig. 3C). Meanwhile, the
TEWL values in the trunk/limb area, which showed an improved erup-
tion, were significantly reduced by the eight-week HWB at 4-8 weeks of
bathing (Fig. 3D). This result meant that exposure to hydrogen water
increased the moisturizing power of skin lesions and improved dry skin.

3.3. Specific therapeutic effects of HWB on AD symptoms

The specific therapeutic effect of HWB on AD symptoms was inves-
tigated in one patient who suffered from dermatitis with marked rashes
(eczema) in the back area. The subject first performed HWB for four
weeks, discontinued it for two weeks, and then restarted for four weeks.
Fig. 4A shows skin lesion changes on the back area during a series of
procedures, including HWB interruption and resumption. Back area
rashes were visibly ameliorated by a four-week HWB (fourth-week
photo). However, the ameliorated area was exacerbated by interrupting
HWSB for two weeks (sixth-week photo: relapse of eczema). The relapsed
rash was resolved by the re-commencement of HWB for four weeks
(tenth-week photo).

The VAS and TEWL values in the lesion area showed changes that
reflected the skin condition. Particularly, VAS scores, which were high
during the daytime and nighttime at week 0, decreased after four weeks
of HWB, increased again upon discontinuation for two weeks, and
decreased after restarting HWB for four weeks (Fig. 4B). The TEWL
value, which was high at week 0, decreased after four weeks of HWB,
increased again upon discontinuation for two weeks, and decreased
again after restarting the HWB for four weeks (Fig. 4C).

4. Discussion

This was a pilot study to determine whether HWB has the potential to
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Fig. 3. Skin lesion changes and VAS and TEWL values in patients with AD who underwent hydrogen-water bathing for eight weeks. (A) The photographs show
typical skin lesion changes on the neck and back areas before (the Oth week) and the 4th and 8th weeks of the bathing. (B) Patients with AD performed self-
assessments of the degree of itching twice daily, in the daytime and nighttime, using the VAS. (C and D) TEWL values in the head/neck and trunk/limb areas of
patients with AD were measured using the TM300-Tewameter probe connected to an MDD4 multi-display device. (B, C, and D) VAS and TEWL data are expressed as
the mean + SEM of five patients. Statistical significance was assessed using Dunnett’s multiple comparison test after the paired nonparametric Friedman'’s test.

s

* P < 0.05, P < 0.01’and ""'P < 0.001 vs. data from control subjects (week 0).

treat AD. Patients with AD in this study had marked rashes with severe
itching and dry skin on various skin areas. The severity of pruritus and
dry skin in patients was supported by significant increments in VAS
scores and TEWL levels (Fig. 2). These symptoms in the trunk/limb areas
of AD patients were significantly improved by eight weeks of HWB
(Fig. 3). The specificity of HWB for AD was further investigated in one
patient who suffered from dermatitis with marked rashes (eczema) in
the trunk/limb areas (Fig. 4). The rashes on the trunk/limb areas
significantly improved after four weeks of HWB but worsened upon
discontinuation for two weeks and recovered again upon HWB
resumption for four weeks. The VAS and TEWL values also showed
changes that reflected the skin condition. These results suggest that
HWB may be involved in the alleviation of AD symptoms but also
highlight the fact that HWB discontinuation may cause symptom
recurrence.

Various methods, such as drinking hydrogen water, inhaling
hydrogen gas, injecting hydrogen-dissolving physiological saline, and
HWB, have been introduced to supply the body with hydrogen mole-
cules [24,25]. Since hydrogen easily penetrates the skin and is distrib-
uted throughout the body by the circulation of blood [24,25], HWB,
which allows hydrogen to act directly on the skin, may be more effective

in treating AD. Actually, HWB has been reported to improve skin con-
ditions such as skin elasticity [40], skin capillary blood flow [40],
wrinkles [38], skin blotches, pimples, and dry skin [43,44]. The allevi-
ating effect of HWB on skin conditions may be stronger (due to the direct
effect of hydrogen penetrating the skin) than that of hydrogen ingested
and absorbed/distributed to body tissues. This is because, as already
mentioned, the skin condition in the trunk/limb areas of patients with
AD was improved by HWB for eight weeks but those in the head/neck
area were hardly improved (Fig. 3). The difference in the effectiveness of
HWB on areas affected by atopic dermatitis may be due to the fact that
the trunk/limb areas are sufficiently immersed in the bathtub for a long
time, whereas the head/neck areas are immersed for shorter periods.
This study had several limitations. First, considering the study design
(including the small number of participants and the short study dura-
tion), the effectiveness of HMB for AD should be evaluated as a possible
effect rather than a definitive one. Therefore, the effectiveness of HWB
needs to be supported by randomized controlled trials with larger
sample sizes and longer study periods to conclude its effectiveness for
AD. Second, the recurrence of AD when the HWB is interrupted and the
method of applying hydrogen water to areas where continuous immer-
sion in bathtub water is difficult. Regarding the former, we think that a
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Fig. 4. The specific therapeutic effect of hydrogen water bathing on AD symptoms. One patient with AD first performed hydrogen-water bathing for four weeks,
discontinued it for two weeks, and then restarted it for four weeks. (A) Changes in skin lesions on the back area were observed during a series of procedures. (B)
Changes in itching index VAS scores in the daytime and nighttime during this study. (C) Changes in dry skin index TEWL values as measured using the TM300-
Tewameter probe connected to an MDD4 multi-display device. Data are expressed as the mean + SEM of 20 measurement sites in the skin lesion area of one pa-
tient with AD. Statistical significance was assessed using Dunnett’s multiple comparison test after the paired nonparametric Friedman’s test.

habitual HWB is important. In the future, it will be necessary to inves-
tigate recurrence in patients who have undergone habitual HWB. For the
latter, applying a face or neck pack method in which cotton or a sheet
moistened with hydrogen water is brought into close contact with the
skin of the face or neck, making it possible for hydrogen to penetrate the
skin. In the future, investigating the effect of combining HWB and face/
neck packs in patients with AD will be necessary. Additionally, drinking
hydrogen water has been reported to improve the clinical manifestations
of AD in several AD animal models [31,36,37]. This suggests that
drinking hydrogen water may also be effective against AD in humans.
Therefore, although future clinical studies are required for confirmation,
the combination of HWB and hydrogen drinking water may be useful as
a solution to this problem.

5. Conclusion
This study suggests that HWB may be useful in the treatment of AD.
In the future, randomized controlled trials with larger sample sizes and

longer periods are needed to draw solid conclusions regarding the
effectiveness of HWB for AD.
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