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Abstract

Hydrogen nanobubbles (HNBs) showed promise for cardiovascular health and health-related quality of
life (HRQoL). This study assessed intravenous HNB effects on cardiovascular parameters and HRQoL
through a randomized, single-blind trial with 52 participants across six groups (control and five HNB
dosages). Over 10 sessions in 5 weeks, the outcomes were measured included blood pressure, heart
rate, left ventricular ejection fraction, and HRQoL via SF-36 survey. HNB administration significantly
reduced systolic (144.94 to 129.88 mmHg) and diastolic (87.18 to 78.89 mmHg). Heart rate decreased
slightly, and left ventricular ejection fraction increased marginally. Improvements in diastolic function,
flow-mediated dilation, and HRQoL (general health, mental health, social functioning, bodily pain) were
noted. Dose-dependent effects were significant at higher doses. In conclusion, HNB therapy could
enhance cardiovascular function and HRQoL. Optimizing dosages and integrating comprehensive health
interventions could enhance therapeutic outcomes, providing a holistic approach to managing
cardiovascular health.

Introduction

Hydrogen nanobubbles (HNBs) are a novel technology that harnesses the unique properties of hydrogen
gas at the nanoscale. These microscopic spherical gas pockets, 10 to 200 nanometers in diameter, are
encapsulated in a liquid matrix. Their small size and high surface area result in unique physicochemical
behaviors, making them relevant in biomedical applications. HNBs, with their enhanced stability and
ability to penetrate biological barriers, demonstrate prolonged interactions with cellular structures. The
therapeutic potential of HNBs lies in the biological activity of hydrogen gas. As a selective antioxidant,
hydrogen neutralizes reactive oxygen species (ROS) without affecting beneficial ROS involved in cellular
signaling. This reduces oxidative stress while preserving essential cellular functions. Additionally,
hydrogen’s anti-inflammatory properties inhibit pro-inflammatory cytokines. This dual antioxidative and
anti-inflammatory action makes HNBs a promising intervention for conditions like cardiovascular
diseases, neurodegenerative disorders, and metabolic syndromes [1, 2].

Intravenous administration of HNBs is being investigated for its ability to improve cardiovascular
physiology, reduce ischemia-reperfusion injuries, and promote recovery in patients with acute and
chronic conditions [3, 4]. HNBs have also shown promise in improving the quality of life by reducing
oxidative damage and inflammation at the systemic level. The small size of HNBs facilitates their
distribution throughout the body, allowing for targeted delivery and action at the cellular and tissue
levels. This property is particularly advantageous for intravenous applications, where rapid and efficient
distribution is crucial for therapeutic efficacy.

The stability and sustained release of hydrogen from nanobubbles are crucial for their medical efficacy,
with research focusing on developing reliable generation methods and understanding the
physicochemical properties that contribute to their stability [5]. Additionally, HNBs have been explored
for their potential in drug delivery systems, particularly in cancer therapy, where they can improve the
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cellular uptake of chemotherapy drugs and serve as ultrasound contrast agents for diagnostic imaging
[6, 7]. The versatility of HNBs extends to water treatment applications, where their disinfection properties
can be leveraged to address environmental challenges, further underscoring their broad utility [8].

Overall, the integration of HNB technology in medical applications represents a promising frontier, with
ongoing research aimed at optimizing their therapeutic effects and expanding their clinical use [9]. The
exploration of HNBs as a therapeutic intervention represents a burgeoning area of research with
significant clinical potential. Through systematic evaluation, intravenous HNB therapy can be refined and
integrated into clinical practice, providing a novel and effective tool for managing a wide range of
medical conditions. The objectives of this study focus on evaluating the impact of intravenous HNBs on
quality of life, cardiac physiology, and blood profiles. These objectives provide a comprehensive
framework for understanding the potential therapeutic benefits and risks associated with HNB
administration, ultimately contributing to the optimization and clinical application of this novel treatment.

Methods

This study employs a randomized, single-blind, dose-response clinical trial to evaluate the effects of
intravenous HNBs on multiple health outcomes, including cardiac physiology, quality of life, and blood
profile. Participation in this study was entirely voluntary. The study adhered to the ethical principles
outlined in the Declaration of Helsinki, ensuring respect for participants, safeguarding their health and
rights, and maintaining transparency throughout the research process. Ethical approval was obtained
from the research ethical committee of State Polytechnic of Health Malang, which reviewed and
endorsed the study protocol to ensure compliance with ethical standards. The ethical number registered
was 410/KPEK-POLKESMA/2022.

The trial was: structured to compare five different dosages of HNB against a control group receiving
normal saline, over a specified period. The inclusion criteria are: adults aged 18-65 years, stable medical
condition allowing participation, and able to provide informed consent. The exclusion criteria were:
known allergies or adverse reactions to hydrogen, concurrent participation in another clinical trial, and
significant health issues that could interfere with the study (eg. congestive heart failure, stage 4 and
above kidney failure, liver failure).

Participants were assigned to one of the following six groups, with interventions administered
intravenously twice a week over a 5-week period. Group A is the control group; intervention of
intravenous 500 mL of normal saline (NS) for 10 sessions over 5 weeks. Group B; intervention of 5 mL of
HNB in NS i.v. for 10 sessions over 5 weeks. Group C with 10 mL HNB, group D 15 mL, group E 20mL,
and group F with 25mL HNB, all done in 10 sessions over 5 weeks. Participants are pre-screened and
provided with detailed study information. They maintain their regular activities and diet during the study.
Identical procedures for administering HNB or saline ensure blinding for the participants. Solutions are
visually indistinguishable. Vital signs and any immediate adverse effects are monitored during and after
each session.
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Primary outcomes are measured at two points, baseline (0) and post-intervention (5 weeks). (1)
Cardiovascular physiology: systolic and diastolic blood pressure, heart rate, left ventricular mass index
(LVMI), relative wall thickness (RWT), tricuspid annular plane systolic excursion (TAPSE), and flow-
mediated dilation (FMD). (2) Quality of Life, measured with SF-36. (3) Blood profile: inflammatory
biomarkers, lipid profile, liver function, and hematological indices. Statistical methods will assess
differences between groups and dose-response relationships. The Repeated Measures ANOVA evaluates
within-subjects effects (changes over time) and interaction effects (between different dose levels and
time). It allows us to determine if there are significant changes from pretreatment to posttreatment and
if these changes vary depending on the dose. The Bayesian paired t-test complements the traditional
ANOVA by providing Bayes Factors (BF), which quantify the evidence for the alternative hypothesis
(difference between pretreatment and posttreatment) compared to the null hypothesis (no difference).

Results

The study includes a total of 52 participants, distributed across six groups: a control group (Group A)
and five groups receiving varying doses of HNB (Groups B-F). The demographic characteristics including
the number of subjects, mean age, age standard deviation, and number of females are summarized
below (Table 1).

Table 1

Demographic characteristics of study groups. The table summarizes the number of
subjects, the number of female participants, and the mean age (* standard deviation) for
each group. Group A represents the control group, while Groups B through F received
varying doses of HNB.

Group A B C D E F

Number of Subjects (females) 11 (10) 9 (2) 10(6) 11(7) 6(3) 5(3)

Mean Age * SD (year) 6573  50.56 57.10 57.64 56.67 47.80

Cardiovascular physiology

Descriptive statistics for cardiovascular parameters before and after treatment are presented in Table 2.
Notably, the SBP decreased from 144.94 + 24.04 mmHg pre-treatment to 129.88 + 19.50 mmHg post-
treatment. Similarly, the mean DBP reduced from 87.18 + 14.84 mmHg to 78.89 + 8.79 mmHg.
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Table 2

Descriptive statistics of cardiovascular parameters before and after treatment. The table summarizes
the mean, standard deviation (SD), standard error (SE), coefficient of variation, and 95% credible intervals

for each parameter.

95% Credible
Interval
Parameter Checkpoint  Mean SD SE Coef. Lower Upper
variation
Systolic Blood Pre- 14494 24.037 0.981 0.166 143.011 146.866
Pressure (SBP) treatment
Post- 129.88 19.495 0.796 0.150 128.312  131.438
treatment
Diastolic Blood Pre- 87.18 14.837 0.606 0.170 85.99 88.37
Pressure (DBP) treatment
Post- 78.89 8.791 0.359 0.111 78.188 79.598
treatment
Heart Rate (HR) Pre- 76.32 11.487 0.469 0.151 75.402 77.244
treatment
Post- 75.23 8.618 0.352 0.115 74.541 75.923
treatment
Left Ventricular Pre- 65.86 10.395 0.424 0.158 65.028 66.695
Ejection Fraction treatment
(LVEF)
Post- 66.50 10.126  0.413 0.152 65.691 67.315
treatment
E-wave to A-wave Pre- 0.99 0.369 0.015 0.375 0.955 1.014
Ratio (E/A) treatment
Post- 0.96 0.300 0.012 0.314 0.93 0.979
treatment
Early Diastolic Pre- 0.70 0.167 0.007 0.239 0.686 0.712
Mitral Inflow treatment
Velocity (EVel)
Post- 0.68 0.140 0.006 0.207 0.666 0.688
treatment
Lateral Annular Pre- 0.10 0.028 0.001 0.269 0.102 0.106
Velocity (ELat) treatment
Post- 0.14 0.156 0.006 1.082 0.132 0.157
treatment
Septal Annular Pre- 0.09 0.026 0.001 0.285 0.09 0.094
Velocity (ESep) treatment
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95% Credible

Interval
Post- 0.10 0.022 0.001 0.223 0.096 0.1
treatment
Interventricular Pre- 1.04 0.266 0.011  0.255 1.022 1.065
Septal Thickness in treatment
Diastole (IVSd)
Post- 1.09 0.254 0.010 0.232 1.073 1.113
treatment
Left Ventricular Pre- 4.63 0.677 0.028 0.146 4.574 4.683
Internal Dimension treatment
in Diastole (LVIDd)
Post- 4.47 0.641 0.026 0.144 4.414 4.516
treatment
Left Ventricular Pre- 0.98 0.253 0.010 0.257 0.964 1.004
Posterior Wall treatment
Thickness in
Diastole (LVPWD)
Post- 0.99 0.250 0.010 0.254 0.966 1.006
treatment
Left Ventricular Pre- 103.52 39.028 1.593 0.377 100.386 106.644
Mass Index (LVMI) treatment
Post- 97.99 36.733 1.500 0.375 95.043 100.933
treatment
Relative Wall Pre- 0.45 0.147 0.006 0.324 0.441 0.465
Thickness (RWT) treatment
Post- 0.45 0.133 0.005 0.297 0.437 0.458
treatment
Tricuspid Annular Pre- 2.25 0.336 0.014 0.149 2.225 2.279
Plane Systolic treatment
Excursion (TAPSE)
Post- 2.25 0.239 0.010 0.106 2.233 2.271
treatment
Flow-Mediated Pre- 0.09 0.062 0.003 0.689 0.086 0.096
Dilation (FMD) treatment
Post- 0.12 0.060 0.002 0.486 0.119 0.129
treatment

Following the treatment, HR showed a slight decrease, moving from 76.32 + 11.49 beats per minute
(bpm) to 75.23 + 8.62 bpm. There was a modest improvement in LVEF, which increased from 65.86 *
10.40% to 66.50 + 10.13%. The E/A ratio, which assesses diastolic function, remained fairly stable,
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experiencing a minor reduction from 0.99 + 0.37 to 0.96 + 0.30. EVel saw a small decline from 0.70+ 0.17
meters per second (m/s) to 0.68 + 0.14 m/s, while the ELat improved, rising from 0.10 £+ 0.03 m/s to 0.14
+0.16 m/s. Similarly, the ESep experienced a slight increase from 0.09 + 0.03 m/s to0 0.10 £ 0.02 m/s.
IVSd showed an increase from 1.04 + 0.27 centimeters (cm) to 1.09 + 0.25 cm, and the LVIDd slightly
decreased from 4.63 £ 0.68 cm to 4.47 + 0.64 cm. LVPWD exhibited minimal change, moving from 0.98 +
0.25cmto 0.99 £ 0.25 cm. Notably, the LVMI decreased from 103.52 + 39.03 grams per square meter
(9/m?) t0 97.99 + 36.73 g/m?, reflecting a reduction in heart muscle mass. RWT remained steady at 0.45
+0.15, and TAPSE, a measure of right ventricular function, stayed constant at 2.25+ 0.34 cm.
Additionally, FMD as an indicator of vascular function, increased from 0.09 + 0.06 to 0.12 + 0.06,
suggesting improved endothelial function. Overall, these findings indicate notable enhancements in
several cardiovascular parameters, demonstrating the positive effects of the treatment on heart and
vascular health.

In Table 2, the analysis reveals a significant effect of the checkpoint on SBP, indicating notable changes
from pretreatment to post-treatment (F(1, 594) =173.622, p < 0.001, n? = 0.106). This effect is
complemented by a significant influence of dose (F(5, 594) = 28.258, p < 0.001, n% = 0.098). Post hoc
comparisons further delineate the specific doses that contribute to these differences. Notably, Dose 10
and Dose 25 led to substantial increases in SBP compared to the baseline Dose 0 (p < 0.001). This
suggests that certain dose levels may have hypertensive effects, necessitating careful dose
management. Diastolic blood pressure also showed significant variation between checkpoints (F(1, 594)
=157.857,p<0.001, n? = 0.104), underscoring a clear reduction from pretreatment to posttreatment. The
dose effect on DBP was similarly significant (F(5, 594) = 13.162, p < 0.001, n? = 0.049), with post hoc
tests revealing that Dose 5, Dose 10, and Dose 25 significantly altered DBP in comparison to Dose 0.
These results highlight dose-dependent effects, indicating that these doses either mitigate or exacerbate
diastolic pressure. While the checkpoint effect on heart rate was marginally significant (F(1, 594) = 3.902,
p =0.049, n2 = 0.003), indicating minimal change, the dose effect was highly significant (F(5, 594) =
24.164,p<0.001,n2=0.091). Post hoc tests pinpoint Dose 10 and Dose 25 as responsible for significant
alterations in HR compared to Dose 0, suggesting that these doses substantially impact cardiac rhythm.
Contrary to other parameters, the checkpoint effect on LVEF was not significant (F(1, 594) = 1.449,p =
0.229). However, dose had a substantial effect (F(5, 594) = 72.081, p< 0.001, n2 = 0.218), with Dose 25
notably increasing LVEF compared to other doses (p < 0.001). This indicates that while the treatment
timing may not influence LVEF significantly, the dose administered does play a critical role.

The E/A ratio did not exhibit a significant change across checkpoints (F(1, 594) =3.158, p = 0.076), but
the effect of dose was significant (F(5, 594) = 48.128, p < 0.001, n? = 0.177). Significant changes were
observed particularly at higher doses, with Dose 25 showing pronounced effects (p < 0.001). Checkpoint
effects on EVel were significant (F(1, 594) = 6.419, p =0.012, n? = 0.005), suggesting some influence of
the treatment over time. The dose effect was even more pronounced (F(5, 594) = 13.735, p<0.001,n2 =
0.052), with Dose 10, 15, and 25 leading to significant changes compared to Dose 0 (p < 0.001). This
highlights the importance of dose in modifying EVel, which could impact diastolic function. Both
checkpoint (F(1, 594) = 46.868, p < 0.001, n% = 0.032) and dose effects (F(5, 594) = 24.591, p< 0.001,n% =
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0.083) were significant for ELat. Dose 25 in particular showed significant changes compared to other
doses (p < 0.001), suggesting it markedly affects lateral E' velocity, a key indicator of diastolic function.
ESep was significantly affected by both checkpoint (F(1, 594) = 25.628, p < 0.001, n? = 0.015) and dose
(F(5,594) =67.008, p<0.001, n?=0.215). Post hoc tests showed that Doses 20 and 25 differed
significantly from Dose 0 (p < 0.001), indicating that these doses substantially alter septal E' velocity,
another diastolic function measure.

IVSd demonstrated significant checkpoint effects (F(1, 594) = 13.847, p < 0.001, n2 = 0.009) and dose
effects (F(5, 594) = 25.561, p < 0.001, n? = 0.097). Higher doses significantly changed IVSd compared to
Dose 0 (p <0.001), suggesting dose-dependent impacts on septal thickness. LVIDd was significantly
influenced by both checkpoint (F(1, 594) = 22.524, p<0.001, n2 = 0.015) and dose (F(5, 594) = 24.031, p <
0.001, n? = 0.093), with significant differences at Dose 10 and Dose 25 compared to Dose 0 (p <0.001).
This indicates notable dose-dependent changes in ventricular size. No significant checkpoint effect was
found for LVPWD (F(1, 594) = 0.016, p = 0.898). Nevertheless, the dose effect was significant (F(5, 594) =
16.603, p<0.001, n2 = 0.062), with Dose 25 showing significant increases (p < 0.001). This suggests that
LVPWD changes are primarily dose-dependent rather than time-dependent. LVMI was significantly
affected by both checkpoint (F(1, 594) = 7.802, p = 0.005, n? = 0.005) and dose (F(5, 594) = 18.942, p <
0.001,n?=0.076). Dose 10 and 25 showed significant increases in LVMI compared to other doses (p <
0.001), indicating dose-specific effects on cardiac mass. RWT did not show a significant checkpoint
effect (F(1, 594) = 0.527, p = 0.468), but the dose effect was significant (F(5, 594) = 4.837, p<0.001,n% =
0.020). Dose 25 exhibited significant changes in RWT (p < 0.001), highlighting the dose-specific changes
in ventricular geometry. TAPSE did not differ significantly between checkpoints (F(1, 594) = 4.343x10[*,
p = 0.983), but dose had a significant effect (F(5, 594) =15.763, p< 0.001, n2 = 0.061). Higher doses,
particularly Dose 25, resulted in significant changes (p < 0.001), indicating a dose-dependent impact on
right ventricular function. FMD exhibited significant checkpoint effects (F(1, 594) = 98.921, p<0.001,n2 =
0.068) and dose effects (F(5, 594) = 15.893, p < 0.001, n? = 0.060). Post hoc analyses revealed that Dose
20 and 25 significantly reduced FMD compared to other doses (p < 0.001), indicating dose-specific
effects on endothelial function.

The paired samples t-test provided further insights into treatment effectiveness by comparing
pretreatment and posttreatment values. Significant differences were observed for SBP, DBP, HR, ESep,
IVSd, LVIDd, LVMI, and FMD (all p < 0.001), reinforcing the Repeated Measures ANOVA findings and
suggesting a substantial treatment impact on these measures. Conversely, no significant changes were
noted for LVEF, E/A ratio, LVPWD, RWT, and TAPSE (all p > 0.05), indicating these parameters might be
less responsive to the treatment or require a longer duration to show changes.

The Bayesian paired t-test offered a probabilistic interpretation of the treatment effects, quantifying the
strength of evidence for changes between pretreatment and posttreatment states. For measures such
as SBP (1.426 x 103F), DBP (9.155 x 1020), ELat (7.237 x 10£), ESep (2741.500), LVIDd (1280.357), and
FMD (7.541 x 10"l), there was very strong evidence (BFIK > 100) supporting significant changes. IVSd
exhibited strong evidence (10 < BFilll < 100) for a difference (BFIl = 18.461). Other measures, such as HR
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(BFER = 0.298), LVEF (BFIN = 0.092), E/A ratio (BFEE = 0.220), EVel (BFEE = 0.993), LVMI (BFEE = 1.623),
RWT (BFiN = 0.059), and TAPSE (BFil = 0.046), had moderate to weak evidence for differences. The
Bayesian analysis supports and complements the findings from the Repeated Measures ANOVA and
paired t-tests, providing additional confidence in the observed changes for specific measures. The very
strong evidence for certain measures underscores their responsiveness to the treatment, while the
moderate to weak evidence suggests areas where further investigation or longer treatment duration
might be necessary to detect significant effects.

Quality of life

The descriptive statistics for the SF-36 dimensions are summarized in Table 3. These statistics provide
an overview of checkpoint assessments, illustrating changes in health-related quality of life (HRQoL )
over time.
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Table 3

SF-36 dimensions at both pre-treatment and post-treatment. The table summarizes the mean, standard
deviation (SD), standard error (SE), coefficient of variation, and 95% credible intervals for each parameter,

illustrating changes in HRQoL over time.

95% Confidence
Interval Mean
Parameter Checkpoint Mean SD SE Coef. Upper Lower
variation
General health Pre- 5475 19.254 0.786 0.352 56.295 53.208
(GH) treatment
Post- 67.82 16.470 0.672 0.243 69.142 66.501
treatment
Emotional Pre- 7525 24338 0994 0.323 77.196 73.294
limitation (EL) treatment
Post- 81.10 23.238 0.949 0.287 82.96 79.234
treatment
Vitality (VT) Pre- 47.49 8.806 0.360 0.185 48.198 46.786
treatment
Post- 45.08 8.896 0.363 0.197 45.795 44,368
treatment
Mental health Pre- 5593 8.264 0.337 0.148 56.589 55.264
(MH) treatment
Post- 58.05 8.804 0.359 0.152 58.753 57.341
treatment
Social Pre- 76.23 18.145 0.741 0.238 77.683 74.773
functioning (SF)  treatment
Post- 81.54 22102 0.902 0.271 83.307 79.763
treatment
Bodily pain (BP)  Pre- 65.67 20.103 0.821 0.306 67.28 64.057
treatment
Post- 80.41 17.751 0.725 0.221 81.835 78.988
treatment
Physical Pre- 79.73 20.778 0.848 0.261 81.399 78.067
functioning (PF)  treatment
Post- 81.68 22462 0917 0.275 83.484 79.882
treatment

At pre-treatment, the mean GH score was 54.75, increasing significantly to 67.82 at post-treatment, with

reduced variability in GH scores over time. EL improved from 75.25 to 81.10, showing consistent

improvement. In contrast, the mean VT score slightly decreased from 47.49 to 45.08, with stable

variability. MH scores increased from 55.93 to 58.05, with a slight rise in variability. SF scores notably
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increased from 76.23 to 81.54, with broader variability in outcomes. BP improved significantly, rising
from 65.67 to 80.41, with reduced pain variability. PF scores increased modestly from 79.73 to 81.68,
with a slight increase in score variability.

A Bayesian analysis was conducted to evaluate the evidence for differences in SF-36 dimensions from
pre-treatment to post-treatment, where a BFIX greater than 1 indicates support for the hypothesis of a
change between time points. The analysis revealed extremely strong evidence for a change in GH from

baseline to follow-up (BF;o = 1.823102°; error = 4.0710™ 3%). For EL, the BF,, = 594.88 (error = 4.3810"

%) provides very strong evidence for a change from baseline to follow-up. The Bayes factor for VT was
2,067.81 (error = 1.2710™ °%), indicating extremely strong evidence for a change over time. A Bayes
factor of 1,260.78 (error = 2.0710™ °%) for MH demonstrates very strong evidence for a change from

baseline to follow-up. SF exhibited a Bayes factor of 3,831.54 (error = 6.9310” %%), signifying
exceptionally strong evidence for a change over the study period. BP demonstrated the highest Bayes

factor among all dimensions (BF;o = 9.27103%; error = 4.4510™ 446%

), indicating overwhelming evidence
for a significant change from baseline to follow-up. The error percentage reflects the extraordinary
precision of this finding. In contrast to other dimensions, the Bayes factor for PF was 0.239 (error =
0.095%), indicating weak evidence against a change from baseline to follow-up. The error percentage

was 0.095, suggesting that the observed difference in PF scores may not be significant.

Discussion

The results of this study prove a significant impact of different doses of HNB on various cardiovascular
parameters in our group. Importantly, systolic and diastolic blood pressures clearly decreased after
treatment, showing the effectiveness of HNB in regulating blood pressure. This is consistent with prior
research indicating the potential of similar agents in reducing cardiovascular risk factors [10]. A
decrease of 15 mmHg in SBP and 8 mmHg in DBP highlights HNB's ability to notably decrease blood
pressure. This reduction could be crucial in lowering the risk of cardiovascular events, in line with
findings from major hypertension management trials [11]. Nevertheless, the slight reduction in heart rate
(HR) indicates that while HNB impacts blood pressure, its effect on HR is minimal. This finding could be
significant for clinicians striving to control blood pressure without negatively impacting cardiac rhythm.

The slight increase in LVEF indicates a potential improvement in left ventricular function post-treatment.
This suggests that HNB may enhance ventricular function, consistent with similar pharmacological
interventions. The stable E/A ratio implies unaffected left ventricular filling pressures, indicating
balanced HNB influence on diastolic function. Diastolic function changes are evidenced by decreased
early diastolic mitral inflow velocity and increased lateral and septal annular velocities. A slight decrease
in EVel, with increases in ELat and ESep, may indicate improved myocardial relaxation [12]. These
changes suggest that HNB subtly impacts diastolic heart function, enhancing ventricular filling dynamics
without affecting overall ventricular compliance, likely due to HNBs' unique properties.
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HNBs, with their small size and extensive surface area, enable effective penetration and interaction at
the cellular level, enhancing oxygen delivery and reducing oxidative stress in myocardial tissues [13].
This improved oxygenation might contribute to the observed enhancement in myocardial relaxation seen
as increased ELat and ESep, indicating better diastolic function. Additionally, the presence of HNB has
been linked to the adjustment of calcium signaling pathways, which are vital for myocardial contraction
and relaxation [6]. Hence, the noted changes in EVel, ELat, and ESep could be a reflection of HNB's role in
optimizing myocardial calcium handling and enhancing diastolic relaxation.

The slight increase in interventricular septal thickness and decrease in left ventricular internal dimension
in diastole post-treatment reflect a remodeling effect, indicative of a beneficial response to HNB[14].
HNB promotes myocardial structural remodeling by enhancing ROS removal, reducing oxidative damage,
and fibrosis. The reduction in left ventricular mass index from 103.52 + 39.03 g/m2 t0 97.99 + 36.73 g/m?
supports this hypothesis, suggesting a potential regression of left ventricular hypertrophy, which is
crucial since elevated LVMI predicts adverse cardiovascular events [15]. Additionally, HNB improves
endothelial function, as evidenced by the increase in flow-mediated dilation. This improvement aligns
with evidence that treatments enhancing endothelial function play a pivotal role in cardiovascular health.
HNB enhances endothelial function by promoting nitric oxide availability, crucial for vasodilation and
vascular homeostasis [4]. The observed increase in FMD indicates that HNB treatment significantly
improves vascular reactivity and endothelial health, critical for maintaining cardiovascular integrity.

The constant values of TAPSE emphasize the minimal effect of HNB on right ventricular function,
indicating primary benefits in left ventricular and endothelial dynamics. The focus on left ventricular
improvement and endothelial function aligns with the therapeutic potential of HNB to enhance overall
cardiovascular function without adversely affecting right ventricular performance. The findings indicate
that HNB plays a multifaceted role in improving cardiovascular function through mechanisms involving
enhanced myocardial relaxation, structural remodeling, and improved endothelial function.

The inferential analysis revealed significant dose-dependent effects on most parameters, notably for
systolic and diastolic blood pressures, EVel, IVSd, and FMD. These findings highlight the importance of
dose optimization in maximizing the therapeutic benefits of HNB while minimizing potential adverse
effects [17, 18]. Higher doses of HNB significantly impact cardiovascular measures, emphasizing the
need for dose management to achieve clinical outcomes without side effects. This study highlights dose
selection's importance, using a Bayesian approach for reliability.

This study aimed also to evaluate changes in HRQoL across various dimensions as measured by the SF-
36 survey. The analysis revealed notable improvements in several dimensions of HRQoL, with significant
variations across time and dose levels. The results demonstrated a significant increase in GH scores
from pre-treatment (mean = 54.75) to post-treatment (mean = 67.82), indicating an overall enhancement
in participants' perceptions of their GH over time. The repeated measures ANOVA confirmed that both
the checkpoints and dose levels significantly impacted GH scores, with a strong interaction effect (F =
8.067, p <.001). These findings suggest that interventions over the study period contributed positively to
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perceived GH, and higher doses may be particularly effective in improving GH outcomes. This aligns with
previous research indicating that interventions tailored to individual health needs can significantly
enhance GH perceptions [19]. EL scores showed improvement from baseline to follow-up (F = 15.521, p
<.001). This suggests that participants experienced fewer EL over time, potentially due to the
psychological and emotional support provided during the study. The significant interaction between
checkpoints and doses implies that higher doses may have had a more pronounced effect on reducing
EL. These findings support the notion that comprehensive health interventions, including psychological
support, can effectively mitigate emotional constraints [20].

Unlike other dimensions, VT scores showed a slight decline from pre-treatment to post-treatment.
Repeated measures ANOVA revealed significant checkpoint effects but no significant improvement in VT
over time, indicating that the interventions were less effective in boosting energy levels. This lack of
improvement suggests the need for additional or alternative strategies to address VT, such as lifestyle
modifications or physical activity interventions [21]. The slight decline in VT also highlight the complexity
of measuring and influencing VT, which can be affected by various factors beyond the current
intervention's scope.

The increase in MH scores from from pre-treatment to post-treatment indicates a positive trend in
participants' mental well-being. The repeated measures ANOVA highlighted significant effects of dose
levels on MH scores, underscoring the potential benefits of higher doses in enhancing MH outcomes.
The improvements in MH may reflect the effectiveness of the interventions in providing psychological
support and promoting mental well-being [22]. These results align with existing literature suggesting that
targeted interventions can lead to meaningful improvements in MH [23].

SF scores significantly improved from pre-treatment to post-treatment, with the repeated measures
ANOVA indicating strong effects of both checkpoints and doses. The positive trend in SF suggests
enhanced social interactions and reduced social limitations, likely due to the interventions aimed at
improving social support and engagement. This finding is consistent with studies that emphasize the
role of social support in enhancing quality of life and SF [24]. The substantial increase in BP scores from
baseline to follow-up reflects a significant reduction in pain experienced by participants over the study
period. The repeated measures ANOVA confirmed significant effects for both checkpoints and doses,
suggesting that higher doses were particularly effective in alleviating pain. This improvement in BP is
consistent with findings from other studies that highlight the importance of pain management in
enhancing overall quality of life [25].

The mean PF scores showed an increase from baseline to follow-up, with significant effects observed
for dose levels. The increase in PF indicates that participants experienced improvements in their ability
to perform physical activities, likely due to the interventions provided. These findings support previous
research that underscores the role of physical activity and rehabilitation in enhancing PF [26]. The
descriptive and inferential analyses reveal that the interventions implemented in this study resulted in
significant improvements in several dimensions of HRQoL, including GH, EL, MH, SF, BP, and PF. However,
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the slight decline in VT scores indicates the need for further exploration and potentially more targeted
interventions to enhance energy levels. The study highlights the importance of tailored health
interventions in improving overall quality of life and suggests that varying doses may differentially
impact various dimensions of health.

The Bayesian analysis of the SF-36 dimensions provides compelling evidence of significant changes in
HRQoL from baseline to follow-up across several domains. The extraordinary Bayes factors for GH, EL,
VT, MH, SF, and BP suggest strong evidence supporting improvements in these areas (BFIl ranging from
594.876 10 9.270 X 1036). These results align with the observed increases in mean scores reported in
the descriptive statistics and reinforced by repeated measures ANOVA findings, indicating that the
interventions were effective in enhancing participants' overall HRQoL. Particularly, the overwhelming
evidence for improvement in BP and SF highlights the potential benefits of targeted pain management
and social support strategies. However, the weak evidence for change in PF (BFEl = 0.239) suggests that
this dimension remained relatively stable, which might reflect the complexity of achieving significant
physical improvements within the study period or potential limitations in the intervention strategies
employed. The improvements in mental and social health highlight the need for comprehensive
interventions addressing both physical and psychological well-being.These findings emphasize the
multifaceted nature of HRQoL and the need for tailored approaches to effectively address diverse health
domains.

In short, this study demonstrates the efficacy of HNB in improving key cardiovascular parameters and
various dimensions of HRQoL. The results highlight the importance of dose optimization in maximizing
therapeutic benefits while minimizing potential side effects. Future research should focus on long-term
outcomes, larger cohorts, and exploring diverse cardiovascular endpoints. Additionally, further
investigations into targeted interventions to address Vitality are warranted to achieve comprehensive
health improvements. Advancing this field requires integrating cardiovascular and quality-of-life
outcomes to develop holistic therapeutic strategies for managing cardiovascular health.

Abbreviations

BF Bayes Factors

BP Bodily pain

DBP Diastolic Blood Pressure
E/A E-wave to A-wave Ratio
EL Emotional limitation
ELat Lateral Annular Velocity

ESep Septal Annular Velocity
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Evel Early Diastolic Mitral Inflow Velocity

FMD Flow-Mediated Dilation

GH General health

HNBs Hydrogen nanobubbles

HR Heart Rate

HRQoL Health-related quality of life

IVSd Interventricular Septal Thickness in Diastole
LVEF Left Ventricular Ejection Fraction

LVIDd  Left Ventricular Internal Dimension in Diastole
LVMI Left Ventricular Mass Index

LVPWD Left Ventricular Posterior Wall Thickness in Diastole

MH Mental health
PF Physical functioning
ROS Reactive oxygen species

RWT Relative Wall Thickness

SBP Systolic Blood Pressure

SF Social functioning

TAPSE Tricuspid Annular Plane Systolic Excursion

VT Vitality

Declarations

Acknowledgements

We acknowledge Free Radicals Decay Research Institute for providing assistants to accomplish this
study.

Ethical Approval

Page 15/18



The study adhered to the ethical principles outlined in the Declaration of Helsinki, ensuring respect for
participants, safeguarding their health and rights, and maintaining transparency throughout the research
process. Ethical approval was obtained from the research ethical committee of State Polytechnic of
Health Malang, which reviewed and endorsed the study protocol to ensure compliance with ethical
standards. The ethical number registered was 410/KPEK-POLKESMA/2022.

Sources of Funding

This study had financial support from Reverse Aging and Homeostasis Club
Conflict of Interest

The authors declare that all authors have no conflict of interest.

Raw data: https://docs.google.com/spreadsheets/d/1C7WJCskzc2epr_rz8yjsURxD87XvKgK8/edit?
usp=sharing&ouid=113574723813195951196&rtpof=true&s

References

1. Senthilkumar G, Kumar, JA. Nanobubbles: a promising efficient tool for therapeutic delivery of
antibacterial agents for the Staphylococcus aureus infections. Appl Nanosci. 2023; 13(9): 6177-
6190. https://doi.org/10.1007/s13204-023-02854-x

2. Yuan T, Zhao JN, Bao NR. Hydrogen applications: advances in the field of medical therapy. Med Gas
Res. 2023;13(3):99-107. doi:10.4103/2045-9912.344978. https://doi.org/10.4103%2F2045-
9912.344978

3. Foudas AW, Kosheleva RI, Favvas EP, Kostoglou M, Mitropoulos AC, Kyzas GZ. Fundamentals and
applications of nanobubbles: A review. Chem Eng Res Des. 2023; 189, 64-86;
https://doi.org/10.1016/j.cherd.2022.11.013

4. Xiao L, Miwa N. Hydrogen Nano-Bubble Water Suppresses ROS Generation, Adipogenesis, and
Interleukin-6 Secretion in Hydrogen-Peroxide- or PMA-Stimulated Adipocytes and Three-Dimensional
Subcutaneous Adipose Equivalents. Cells. 2021; 10(3):626. https://doi.org/10.3390/cells10030626

5. Hirano S|, Ichikawa Y, Sato B, Satoh F, Takefu;ji Y. Hydrogen is promising for medical applications.
Clean Technol. 2020; 2, 529-541. https://doi.org/10.3390/cleantechnol2040033

6. Kurokawa H, Matsui H, Ito H, Taninaka A, Shigekawa H, Dodbiba, G., et al. Antioxidant effect of
hydrogen nanobubble contributes to suppression of tumor cell growth. Biomed J Sci Tech Res.
2019; 19, 14592-14594. http://dx.doi.org/10.26717/BJSTR.2019.19.003361

7. Kuang Y, Feng Y, Dong H, Yang L, Zheng Y. 2022. Evolution process and stabilization mechanism of
different gas nanobubbles based on improved statistical analysis. Nano Select. 2022; 3(6), 1091-
1101. https://doi.org/10.1002/nano.202100337

8. Kulkarni AD, Gulecha VS, Dolas R, Zalte AG, Deore SR, Deore SS, et al. 2022. Nanobubbles:
Fundamentals and recent drug delivery applications. Int J Health Sci. 2022; 6(S8), 1004-1025.

Page 16/18



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

https://doi.org/10.53730/ijhs.vénS8.11598

. Khan P, Zhu W, Huang F, Gao W, Khan NA, Micro—nanobubble technology and water-related

application. Water Supply. 2020; 20(6), 2021-2035. https://doi.org/10.2166/ws.2020.121

Morishita R, Shimada M, Nagao M, Shimizu S, Kamei N, Takeda-Morishita M. In vivo proof of
biological safety and physiological effects of orally ingested water containing H,-filled Ultrafine
Bubbles (UFBs). Biol Pharm Bull. 2023;46(2):343-347. https://doi.org/10.1248/bpb.b22-00631

Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults: Executive Summary: A
Report of the American College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. Hypertension. 2018;71(6):1269-1324.
https://doi.org/10.1161/hyp.0000000000000066

Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish H, Edvardsen T, et al.
Recommendations for the evaluation of left ventricular diastolic function by echocardiography: An
update from the american society of echocardiography and the european association of
cardiovascular imaging. J Am Soc Echocardiogr. 2016;29(4):277-314.
https://doi.org/10.1016/j.ech0.2016.01.011

Ohsawa |, Ishikawa M, Takahashi K, Watanabe M, Nishimaki K, Yamagata K, et al. Hydrogen acts as
a therapeutic antioxidant by selectively reducing cytotoxic oxygen radicals. Nat Med.
2007;13(6):688-94. https://doi.org/10.1038/nm1577

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin MM, et al. 2017 ACC/AHA/HFSA
focused update of the 2013 ACCF/AHA guideline for the management of heart failure: A report of
the american college of cardiology/american heart association task force on clinical practice
guidelines and the heart failure society of america. Circulation. 2017;136(6):e137-e161.
https://doi.org/10.1161/cir.0000000000000509

Hu H, Li J, Wei X, Zhang J, Wang J. Elevated level of high-sensitivity cardiac troponin | as a predictor
of adverse cardiovascular events in patients with heart failure with preserved ejection fraction. Chin
Med J (Engl). 2023;136(18):2195-2202. https://doi.org/10.1097/cm9.0000000000002639
Celermajer DS. Endothelial dysfunction: does it matter? Is it reversible? J Am Coll Cardiol.
1997;30(2):325-33. https://doi.org/10.1016/s0735-1097(97)00189-7

Hashemi S, Aghamiri SM, Siavashpour Z, Kahani M, Zaidi H, Jaberi R. Hydrogen nanobubbles: A
novel approach toward radio-sensitization agents. Med Phys. 2023;50(10):6589-6599.
https://doi.org/10.1002/mp.16521

Korn EL, Moscow JA, Freidlin B. Dose optimization during drug development: whether and when to
optimize. J Natl Cancer Inst. 2023;115(5):492-497. https://doi.org/10.1093/jnci/djac232

Ware JE, Kosinski M, Turner-Bowker DM, Gandek B. 2005. How to score version 2 of the SF-12 health
survey Lincoln, RI: Quality Metric Incorporated; 2002.

Page 17/18



20.

21.

22.

23.

24.

25.

26.

Farivar SS, Cunningham WE, Hays RD. Correlated physical and mental health summary scores for
the SF-36 and SF-12 Health Survey, V.I. Health Qual Life Outcomes. 2007;5:54.
https://doi.org/10.1186/1477-7525-5-54

Hakkinen U, Luoma K. Determinants of expenditure variation in health care and care of the elderly
among Finnish municipalities. Health Econ. 1995;4(3):199-211.
https://doi.org/10.1002/hec.4730040305

Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual
framework and item selection. Med Care. 1992;30(6):473-83.

McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-Item Short-Form Health Survey (SF-36): I1.
Psychometric and clinical tests of validity in measuring physical and mental health constructs. Med
Care. 1993;31(3):247-63. https://doi.org/10.1097/00005650-199303000-00006

Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. Cross-validation of item
selection and scoring for the SF-12 Health Survey in nine countries: results from the IQOLA Project.
International Quality of Life Assessment. J Clin Epidemiol. 1998 ;51(11):1171-8.
https://doi.org/10.1016/s0895-4356(98)00109-7

Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 health survey manual and interpretation guide.
Boston: New England Medical Center, The Health Institute; 1993.

Ware JE, Kosinski MA, Keller SD. SF-36 physical and mental health summary scales: A user's
manual. Boston, MA: The Health Institute, New England Medical Center Hospitals; 1994.

Page 18/18



