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Background: Metabolic syndrome is characterized by a cluster-like occurrence
of conditions such as hypertension, hyperglycaemia, elevated low-density
lipoprotein (LDL) cholesterol or triglycerides (TG) and high visceral fat. Metabolic
syndrome is linked to the build-up of plague within the artery, which leads to
disorders of the circulatory, nervous and immune systems. A variety of treatments
target the regulation of these conditions; nevertheless, they remain dominant risk
factors for the development of type 2 diabetes (T2DM) and cardiovascular disease
(CVD), which affect 26.9% of the US population. Management and intervention
strategies for improving cholesterol and/or TG are worthwhile, and recent studies
on hydrogen treatment are promising, particularly as molecular hydrogen is easily
ingested. This study aimed to investigate the lipid-lowering effects and quality of
life (QOL) improvement of hydrogen-rich coral calcium (HRCC) in patients with
metabolic syndrome.

Methods: The patients, all Taiwanese, were randomly assigned to 3 different
doses (low, medium, and high) of HRCC capsules. The primary outcome was
the adverse effects/symptoms during this 4-week use of HRCC capsules.
The secondary outcome was lipid profile changes. Complete blood count,
inflammatory biomarkers, and QOL were also measured before and after the
course of HRCC.

Results: Sixteen patients with metabolic syndrome completed this study (7 males,
9 females; mean age: 62years; range: 32—-80). No obvious adverse effects were
recorded. Only changes in blood TG reached significance. The baseline TG value
was 193.19uL (SD=10744), which decreased to 151.75uL (SD=45.27) after 4weeks
of HRCC (p=0.04). QOL showed no significant changes.
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Conclusion: This study is the first human clinical trial evaluating HRCC capsules in
patients with metabolic syndrome. Based on the safety and potential TG-lowering
effects of short-term HRCC, further long-term investigations of HRCC are warranted.

Clinical trial registration: [ClinicalTrials.gov], identifier INCT05196295].

metabolic syndrome, low-density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, triglycerides, molecular hydrogen, hydrogen-rich coral

(HRCC)

1. Introduction

Metabolic syndrome is a group of conditions that includes risk
factors such as obesity, elevations in blood pressure, blood triglyceride
(TG), and fasting glucose levels, and low high-density lipoprotein
cholesterol (HDL-C) (1). Together, these conditions raise our risk of
coronary heart disease, type 2 diabetes (T2DM), stroke, and other
serious health problems (2). The first-line treatment for metabolic
syndrome includes weight reduction and increased exercise.
Nevertheless, it can be difficult to implement exercise in daily life.
Genetic predisposition also plays a role in the development of these risk
factors (1). Diseases such as T2DM and cardiovascular disease (CVD)
promote a pro-inflammatory state and require therapeutic attention.
Drug targeting metabolic syndrome focus on reducing blood pressure
and blood glucose levels, and include medications such as angiotensin-
converting enzyme (ACE) inhibitors (such as Capoten and Vasotec) for
blood pressure, cholesterol medications (3) such as statins, niacin, and
Zetia, medications for treating diabetes, such as metformin
(Glucophage), pioglitazone (Actos), and rosiglitazone (Avandia) (4),
and low-dose aspirin, which can reduce the risk of heart attack and
stroke. Although niacin and fibrates are observed to raise HDL-C and
reduce TG and non-HDL-C concentrations, they modestly (if at all)
reduce low-density lipoprotein cholesterol (LDL-C) (5).

The development of metabolic syndrome is primarily related to
insulin resistance (6), in which insulin is inefficiently used to lower
glucose and triglyceride levels. The conditions that characterize
Metabolic syndrome result from an increase in hormones induced by
free fatty acids (7), which are stored in adipose cells, and can influence
how the body controls blood glucose levels (7). Inflammation is a risk
factor for insulin resistance, high blood pressure, and diseases of the
heart and blood vessels (8). In the presence of excess adipose tissue,
immune cells interact with fat cells to produce pro-inflammatory
cytokines, such as tumor necrosis factor « (TNFa) and interleukin-6
(IL-6), which promote an inflammatory state. These cytokines can
cause plaque, a waxy substance, to build up inside blood vessels and
obstruct blood flow. Individuals with Metabolic syndrome present
with a pro-inflammatory state, which is recognized by elevated
concentrations of C-reactive protein (CRP) levels (9, 10). CRP is
observed to rise as the number of conditions associated with metabolic
syndrome increases, and is elevated in obese patients who experience
a corresponding decrease in CRP with weight loss (9). CRP has also
been associated with future cardiovascular events (10). A higher
erythrocyte sedimentation rate (ESR) is also associated with the
development of metabolic syndrome and obesity (11), and a higher
eosinophil count is associated with metabolic, cardiac, and pulmonary
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outcomes (12). Therefore, targeting the inflammatory response and
lipid metabolism is an important strategy for treating metabolic
diseases (13). The white blood cells (WBCs) are observed to increase
significantly in patients with metabolic syndrome. A high WBC count
positively correlates with insulin resistance and TG levels and is
negatively associated with HDL-C (14). Thus, comprehensive plasma
profiling can improve understanding on the overall risk factors for
developing metabolic syndrome.

Molecular hydrogen is able to regulate inflammatory processes
involved in cytokine and lipid metabolism (13). Kamimura et al. (15)
demonstrated that molecular hydrogen reduces hepatic oxidative
stress and alleviates fatty liver in db/db mice and fatty liver induced in
wild-type mice by a high-fat diet. In patients with T2DM or impaired
glucose tolerance (IGT), hydrogen-rich water (HRW) intake was
associated with a trend toward decreased serum concentrations of
oxidized LDL-C and free fatty acids and increased adiponectin and
extracellular-superoxide dismutase (16). The levels of modified LDL-C
(i.e., modifications that increase the net negative charge of LDL-C),
small dense LDL, and urinary 8-isoprostane significantly decreased
by 15.5% (16). In another report, the use of HRW decreased serum
LDL-C and improved HDL function in patients with potential
metabolic syndrome (17). Furthermore, LeBaron et al. (18)
demonstrated that high-concentration HRW improves several
biomarkers of cardiometabolic health in middle-aged men and
women with metabolic syndrome, including body mass index,
waist-hip ratio, resting heart rate, blood lipids, blood glucose,
inflammation, and redox homeostasis. Recent research found reduced
lipogenesis and enhanced lipolysis in the liver of rats exposed 2 h daily
to hydrogen gas (H,) either by drinking HRW or by inhaling 4% H,
gas, a finding that was associated with a loss in visceral fat and brown
adipose tissue and a reduction in serum lipids (19). Beyond regulating
inflammation and lipid metabolism, hydrogen treatments are also
shown to affect hypertension (20) and regulate the homeostasis in the
cardiovascular system and related metabolic activities. Sugai et al. (20)
showed in an animal model that H, significantly suppresses increases
in blood pressure after 5/6 nephrectomy. Molecular hydrogen has also
been used to improve pulmonary hypertension (PAH) in a rat model
by suppressing macrophage accumulation, reducing oxidative stress,
and modulating the STAT3/NFAT axis, the latter which are important
transcription factors associated with the immune response (21).
Hydrogen supplements are available in three forms: encapsulated
molecular hydrogen, H, inhalation, and HRW. As H, inhalation and
HRW are well-established resources for ameliorating conditions
induced by dysregulations in lipid and glucose metabolism, attention
has been shifted to the potential of molecular hydrogen in managing
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diabetes mellitus, inflammation and cardiovascular health (22).
Recent research has shown improvements in T2DM through the
inhibition of oxidative stress which involves mechanisms that are
associated with the toll-like receptor 4 (TLR4), pathogen recognition,
the myeloid differentiation primary response 88 (MyD88), signaling
within immune cells, and the NF-kB signaling pathway, a regulator of
innate immunity (23). It has also been reported that molecular
hydrogen treatment decreases fasting blood glucose levels, increases
hepatic glycogen synthesis, and improves insulin sensitivity (23).
Given these findings, we are interested in the effects of molecular
hydrogen on TG and cholesterol regulation, which are implicated in
the development of insulin resistance. Hydrogen-rich coral calcium
(HRCC) capsules were certified by the Taiwan Food and Drug
Administration (FDA) in 2020." We then investigated the safety and
potential lipid-lowering effects of HRCC.

2. Materials and methods

2.1. Study design

The patients with metabolic syndrome were recruited from the
outpatient department (OPD) in Min-Sheng General Hospital, Taiwan.
Participants were screened to determine eligibility by doctors and
underwent a series of tests involving questionnaires and examinations.
In this study, the patients who met 3 or more of the following criteria
were designated to have metabolic syndrome: (1) waist circumference:
men >90 cm/women >80 cm, (2) systolic pressure > 130 mmHg and/or
diastolic pressure>85mmHg or the use of antihypertensive drug, (3)
fasting blood sugar level of 100 mg/dL or higher or use of antidiabetic
medication, (4) fasting TG level > 150 mg/dL or the use of lipid-lowering
agent and (5) low HDL-C level: men <40 mg/dL/women <50 mg/dL
(24). Consenting participants were allocated into 3 groups defined by
their doses of HRCC capsules (low, n=>5; medium, n=>5; high, n=6).
The patients, who <18 years or unwilling to participate in this study were
excluded. The patients received 1 (low), 3 (medium), or 6 (high)
capsules of HRCC to take alongside conventional treatment daily for
4-week. The primary outcome was to measure the adverse effects/
symptoms during this 4-week use of HRCC. The secondary outcome
was to compare lipid profiles and other biomarkers changes including
complete blood count (CBC), inflammatory biomarkers (erythrocyte
sedimentation rate, ESR60’; high-sensitivity-CRP, hs-CRP), and
haemoglobin Alc (HbA1C). The QOL was also checked before and
after the use of HRCC. Patients were excluded from this study if serious
adverse side effects/symptoms occurred. At the week 0, participants
were instructed on the experimental procedure, and their consents were
obtained. They received blood drawn and completed the pre-test
including Brief Fatigue Inventory-Taiwan (BFI-T) and control status
scale for diabetes (CSSD70) surveys. The participants also checked the
changes of body weight during the 28 days. Finally, the participants had
blood drawn and completed the post-test BFI-T and CSSD70 surveys.
Research assistants provided the assistance and closely monitor the
adverse effects/symptoms.

1 https://consumer.fda.gov.tw/Food/CapsuleAuditQueryDetail
aspx?nodelD=165&id=1096000144

Frontiers in Nutrition

10.3389/fnut.2023.1198524

2.2. Materials

Hydrogen capsules (PURE HYDROGEN) were purchased from
HoHo Biotech Co., Ltd. (Taipei, Taiwan). Each capsule contained
170mg HRCC which contained 1.7¥10/21 molecules of hydrogen
(approximately 24 cups of 1,200 ppb/0.6 mM, 200mL of hydrogen
water). Therefore, the low dose contained 170 mg, the medium dose
contained 510 mg, and the high dose contained 1,020 mg HRCC.

2.3. Measurements of adverse effects/
symptoms

We measured any adverse effect/symptom up to 28 days, which
were codified according to the Common Terminology Criteria for
Adverse Events (NCI CTCAE v5.0). The measures included changes
from baseline (at day 28) for the following: (1) routine blood
parameters; (2) routine urine parameters; (3) responses captured by
the BFI-T scale (6 questions), which is a 9-item, 11-point rating scale
developed to assess subjective fatigue. The first three questions
measure fatigue severity with 0 indicating “no fatigue” (total range: 0
to 100); and (4) responses captured by the CSSD70 questionnaire, in
which the minimum score was 0 (most severe) and the maximum
score was 2 (healthiest), total range: 0 to 22.

2.4. Statistical analysis

The patients with metabolic syndrome were enrolled in the study
and provided data on body weight, TG, LDL-C, HDL-C, HbA1C,
complete blood count, hs-CRP, ESR60; BFI-T, and CSSD70. Data were
expressed as mean and standard deviation (STD). Differences for
which p <0.05 were considered statistically significant. The analysis
was conducted using paired-sample t tests and the statistical software
Prism was used for statistical analyses.

3. Results
3.1. Demographics

A total of 16 patients who were confirmed to have metabolic
syndrome completed this study (7 males, 9 females; mean age:
62 years; range: 32-80). The demographics were described in Table 1.
None of the patients that were administered HRCC reported
experiencing adverse effects or toxicity responses. A total 4 out of 16

TABLE 1 The demographic and baseline characteristics of the patients
(n=16).

‘ Male ‘ Female ‘ Total
Patients 7 9 16
Age, mean + SD (years) 59.17 65.25 62.64
TG (mg/dL) 203 185.55 193.19
HDL-C (mg/dL) 42.86 49.55 46.63
LDL-C (mg/dL) 105.28 109.88 107.88
HbA1C (%) 7.26 6.64 6.91

frontiersin.org


https://doi.org/10.3389/fnut.2023.1198524
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://consumer.fda.gov.tw/Food/CapsuleAuditQueryDetail.aspx?nodeID=165&id=1096000144
https://consumer.fda.gov.tw/Food/CapsuleAuditQueryDetail.aspx?nodeID=165&id=1096000144

Chiu et al.

patients reported improvements in sleep, and 4 out of 16 patients
presented improvements in energy (Table 2).

10.3389/fnut.2023.1198524

respectively. No significant differences in body weight were observed
[Figure 1A; #(16)=0.57, p=0.57]. The average weight of patients that

received the high dose was 86.11kg at baseline, which decreased to
86kg after treatment (difference: —0.12kg). The average weight of
3.2. Body weight patients that received the medium dose was 69.4kg at baseline, which
decreased to 68.9kg (difference: —0.5kg). The average weight of
The average weight of all patients before and after HRCC

treatment was 73.91kg (SD=20.73) and 73.71kg (SD=20.53),

patients that received the low dose was 63.76kg at baseline, which
decreased to 63.8kg (difference: 0.04kg) (Figure 1B).

TABLE 2 Qualitative responses reported by the patients (n=16).

Number Patient Sex

Age

Dosage Qualitative response before Qualitative response

(capsules/day) treatment after treatment
1 HMo12 F 32 6 Look to lose weight Felt no specific changes 0
2 HMO013 F 70 6 Have low platelets, high blood pressure, Dizziness, nothing else 0
I cannot squat down. Knee joint surgery
is needed, but due to low platelets,
doctors do not recommend surgery.
3 HMO014 M 38 6 Diabetes, feet have very obvious Felt no specific changes -0.7
pigmentation, the calf also throbbing.
Taking medicine helps.
4 HMO015 F 46 6 Breast cancer, low energy Defecation is much improved and 0
sleep is much better
5 HMO017 F 71 6 Great improvement in mental and sleep Sleep improved 0
quality
6 HMO018 M 58 6 Diabetes My hands are still numb, and I do 0
not feel anything else
7 HMO006 M 71 3 Diabetes Energy improved; wanted to -1
continue treatment
8 HMO007 F 72 3 Eating will cause nausea. May need Energy improved, and bowel -0.5
kidney dialysis, and have control over movements were significantly
eating. Urine protein drugs. Tiredness smoother
every day.
9 HMO008 F 80 3 Often chest tightness, the heart is not No show 0
comfortable
10 HMO009 M N/A 3 Hard of hearing. The heart has 2-3 stents, =~ Severe sleep disturbance and panic 0
calf pain occasionally. disorder. Taking capsules in the
afternoon greatly improves sleep.
The panic disorder no longer occurs,
and the mood is much brighter.
11 HMO010 M 53 3 It is not particularly uncomfortable, it is No specific changes 2
purely a matter of endocrine
12 HMO001 F 75 1 Showed interest in HRCC Felt but the condition was preexisted 1
13 HMO003 F 80 1 Taking bone-guiding health products, CSSD70 improved 0.8
diabetes medicine, very talkative,
menopause
14 HMO004 M 63 1 A little hard to hear, hands are shaking Energy improved in the first week 0
after the treatment but did not feel
specific changes after
15 HMO005 M 68 1 Occasionally throbbing on the soles of Energy improved; could not sleep 0
the feet, tiredness, moods fluctuating well at night
16 HMO16 F 68 1 Have diabetes, high blood pressure, Sleep is much better, can fall asleep 0
cholesterol deeply
Frontiers in Nutrition 04 frontiersin.org
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3.3. Serum lipid profile (TG, HDL-C, LDL-C)
and HbA1C

The TG value was 193.19 mg/dL (SD =107.44) at baseline, which
decreased to 151.75mg/dL (SD=45.27) after 4weeks [Figure 2A;
#(16)=4.19, p=0.04]. The HDL-C value was 46.63 mg/dL (SD=10.71)
at baseline, which increased to 47.31 mg/dL (SD = 12.36) after 4 weeks
[Figure 2B; 1(16) =0.62, p=0.54]. The LDL-C value was 107.88 mg/dL
(SD=31.49) at baseline, which decreased to 101.13 mg/dL (SD=31.13)
after 4weeks [Figure 2C; #(16) = 1.20, p=0.25]. The baseline HbA1lc
value was 6.91% (SD =0.68) at baseline, which decreased to 6.88%
(SD=0.71) after 4 weeks [Figure 2D; #(16)=0.34, p=0.74].

3.4. Complete blood count (CBC)

The WBC value was 6,957.5 uL (SD=2,396.52) at baseline, and
was 7,154.38 uL (SD=2,361.75) after 4-week [Figure 3A; #(16)=0.97,
p =0.35]. The HGB value at baseline was 13.18g/dL (SD=2.14), and
was 13.05g/dL (SD=2.17) after 4-week [Figure 3B; #(16)= 0.92,
p =0.37]. The RBC value was 432.81*10/4 pL (SD = 66.49) at baseline,
and was 431.56¥1074 pL (SD=68.85) after 4-week [Figure 3C;
#(16)=0.21, p =0.83].

3.5. Inflammatory biomarkers (ESR 60" and
hs-CRP)

The ESR 60’ value was 44.4 mm/dL (SD =33.94) at baseline, which
decreased to 43.2mm/dL (SD=40.79) after 4-week. A decreasing
trend was observed; however, a one-sample t test showed no significant
difference with treatment [Figure 4A; #(16)=0.28, p=0.79]. The

10.3389/fnut.2023.1198524

hs-CRP value was 0.94mg/dL (SD=2.19) at baseline, which also
decreased to 0.74mg/dL (SD =1.71) after 4-week. A decreasing trend
was observed; however, a one-sample ¢ test showed no significant
difference with treatment [Figure 4B; £(16) =1.45, p=0.14].

3.6. Quality of life (QOL)

Both the results of BFI-T scale score and CSSD70 score showed
no obvious changes before and after the 4-week use of HRCC
(Figure 5).

4. Discussion

This study evaluated the potential TG-lowering effect of oral
HRCC capsules in patients with metabolic syndrome. While the
detailed mechanism is not well known, the significant decrease in TG
could help explain the findings regarding the role of hydrogen in
mediating TG by reducing excess oxidative stress. Future investigations
should focus on the long-term efficacy of HRCC in patients with
metabolic syndrome, especially the effects on HDL-C, LDL-C, and
HbAIC. Larger sample sizes and longer experimental periods are
needed to establish clinical efficacy and to determine the optimal dose.

The short-term safety endpoint of this study, which was used to
test the safety of oral HRCC capsules at different doses, was met.
After 1 month of treatment, HRCC was not associated with any
patient-reported acute adverse effects. Most of the biomarkers
measured in this study, including plasma or urinary biomarkers,
WBC, HGB, RBC, HDL-C, LDL-C, HbA1C, inflammatory
indicators such as CRP, eosinophils, and ESR, and body weight did
not change significantly after treatment, except for TG, which
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FIGURE 1

Total and average weight changes (n=16). (A) Total body weight of all patients. (B) Average weight change by dose. Data are represented by a line plot
and a bar graph (*p<0.05; **p<0.01; ***p<0.001) and were analyzed using the paired t test.
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FIGURE 2
Changes in triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and haemoglobin Alc
(HbAlc) levels from O to 4 weeks (n = 16). (A,C) The normal ranges are <150mg/dL and <130mg/dL for TG and LDL-C, respectively. (B) The normal
range for HDL-C is >40mg/dL. (D) The normal range of HbAlc is 4.0-6.0%. Data are represented by line plots (*p < 0.05; **p < 0.01; ***p < 0.001)
and were analyzed using the paired t test.

decrease significantly after treatment. In this study, BFI-T and
health in type 2 diabetic patients (CSSD70) did not significantly
change after the use of HRCC. Notably, the baseline CSSD70 score
was 16.36 (out of the maximum of 22), which is considered high
and an indication of positive health status in diabetic patients. The
baseline BFI-T was 29 (out of the maximum of 100), which is
considered mild. Diabetes is often associated with fatigue and
dizziness (25). Signs such as increased thirst, frequent urination,
urinary incontinence, numbness of the hands and feet, calf and foot
pain are commonly associated with diabetes (26). Future research
should be done in a larger sample over a longer time to understand
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the effects of HRCC capsules on the BFI-T and CSSD70. Qualitative
indicated that 4 out of 16 patients experienced improvements in
sleep and 4 out of 16 patients experienced improved energy,
findings that require further investigation. H, gas has been shown
to have the potential to regulate mitochondrial energy metabolism
(27). Kamimura et al. (15) reported that prolonged consumption of
HRW significantly altered fat and body weight in db/db obese mice
by stimulating energy metabolism. Hydrogen treatment has also
been documented to have anti-fatigue effects, and boost running
performance and torso strength in healthy adults given hydrogen
inhalation therapy (28).
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<15mm/1h) (B) high-sensitivity C-reactive protein (hs-CRP) (normal range: < Img/dL). Data are represented as line plots (*p<0.05; **p<0.01;
***p<0.001) and were analyzed using the paired t test.

Inhalation of hydrogen gas is the most straightforward
therapeutic method and has been used worldwide. Inhalation of H,
ensures a long retention time and high dose in the body. Inhaled
hydrogen diffuses through the alveoli into the plasma and is
transported throughout the body through the blood. Nevertheless,
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the different administration methods of hydrogen may have
different effects (29). A pharmacokinetic study of a single inhalation
of hydrogen gas in pigs showed that the hydrogen level in the
carotid artery peaked immediately after breath holding, and it
dropped to 1/40 of the peak value 3 min later. The peak hydrogen
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***p<0.001) and were analyzed using the paired t test.

before after

(n=16)

Changes in Brief Fatigue Inventory-Taiwan (BFI-T) and the control status scale for diabetes (CSSD70) scores from before to after treatment (n=16).
(A) The BFI-T consisted of 10 questions, each scored from 0 to 10, with 0=most healthy and 10=most severe (total range: 0 to 100); (B) The CSSD70
questionnaire consisted of 11 questions, each scored from 0 to 2 (total range: O to 22). Data are represented by line plots (*p<0.05; **p<0.01;

concentration in venous blood was much lower than that in arterial
blood, which indicated that hydrogen is not simply diffused but
diffuses while being carried through the blood stream (29).
Molecular hydrogen/saline injection is a method that can rapidly
supply a large amount of hydrogen to the body and allows direct
application of hydrogen to the affected area. However, this method
is invasive and difficult for patients to accept, and it has the potential
risk of cross-infection. In addition, it could be dangerous if
hydrogen is injected directly into the skin or vein. Thus, the
different administration routes of hydrogen need to be considered
according to the needs of the patient to guarantee the most benefit.
A previous study found that preinhalation of hydrogen gas could
protect against caerulein-induced acute pancreatitis in mice by
inhibiting inflammation and oxidative stress in the early stage (30).
Some clinical trials have also demonstrated that hydrogen gas
inhalation treatment is safe and effective in patients with chronic
obstructive pulmonary disease (COPD) and asthma (31, 32).
Therapeutic effects in patients with oxidative stress owing to cardiac
arrest and inflammation have also been shown (33, 34). Recently, to
confront the coronavirus disease-2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), starting with the Chinese Clinical Guidance (7th edition)
for COVID-19 Pneumonia Diagnosis and Treatment issued by the
China National Health Commission, the inhalation of oxygen
mixed with hydrogen gas (66.6% hydrogen gas and 33.3% oxygen)
has been recommended given the significant role of hydrogen in
ameliorating lung function decline, emphysema, and inflammation
among patients with pulmonary diseases (35). In summary, the
therapeutic effects of hydrogen have been highlighted in various
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human diseases or functional disorders. Future trials should assess
self-reported lifestyle changes, provide a historical control, and
compare a drug treatment group with a control group to clarify the
effects of oral HRCC capsules.

To the best of our knowledge, this is the first human study
investigating the safety and therapeutic efficacy of oral molecular
hydrogen capsules in patients with metabolic syndrome. One strength
of this study is the comprehensive evaluation of serum biomarkers in
response to different doses. Unfortunately, the sample size, sample size
per dose group, and short-term use of the current cohort were limiting
factors. In addition, there was a large age difference between the
groups. It will be important to compare the results between the
different sexes. The long-term therapeutic effects of HRCC capsules
and the influence of the dose in large populations should be assessed
in future studies.

5. Conclusion

This first human clinical trial evaluating HRCC capsules in
patients with metabolic syndrome demonstrated their safety and a
potential therapeutic effect from lowering TG. No adverse effects were
observed. Findings regarding CBC, HbA1C, hs-CRP and ESR-60, a
fatigue indicator (BFI-T), and the CSSD70 questionnaire all indicate
that HRCC did not cause obvious adverse effects. Future studies with
a larger sample size are required to perform a long-term safety
evaluation and assess HRCC efficacy in metabolic syndrome, such as
high blood pressure, elevated fasting glucose levels, and low
HDL-C. After further study, the therapeutic effects of HRCC capsules
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in combination with medications such as statins and niacin could help
to prevent and treat metabolic syndrome or other metabolic diseases.
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Glossary
HRCC Hydrogen-rich coral calcium
TG Triglyceride. A TG test is a blood test that measures the amount of fat in the blood called TG. High TG may increase the risk of a heart
attack or stroke
T2DM Type 2 diabetes

Cardiovascular diseases (CVD)

Cardiovascular diseases

QOL Quality of life

HDL-C High-density lipoprotein cholesterol, often referred to as “good” cholesterol

LDL-C Low-density lipoprotein cholesterol, often called the “bad” cholesterol because it adheres to the walls of blood vessels, increasing the
probability of developing health problems such as heart attack or stroke

TNFa Tumor necrosis factor o (TNFa). An inflammatory cytokine that is produced by macrophages/monocytes during acute inflammation
and is responsible for a diverse range of signaling events within cells, leading to necrosis or apoptosis

1L-6 Interleukin-6, a cytokine that plays a central role in host defence due to its wide range of immune and haematopoietic activities

ESR Erythrocyte sedimentation rate is the rate at which red blood cells in anticoagulated whole blood descend in a standardized tube over a
period of 1h

CRP C-reactive protein. A wide variety of inflammatory conditions can cause elevated CRP levels

WBC White blood cells

BFI-T Brief Fatigue Inventory-Taiwan (BFI-T)

CSSD70 Control status scale for diabetes questionnaire. Each question is scored with a minimum value of 0 (the most severe), and a maximum
value of 2 (the most healthy). Total range from 0 to 22

RBC Red blood cells

MCH Mean corpuscular haemoglobin

MCV Mean corpuscular volume

MCHC Mean corpuscular haemoglobin concentration

HbA1C The haemoglobin Alc test measures the amount of blood sugar (glucose) attached to haemoglobin

CHOL A blood test that can measure the amount of cholesterol and triglycerides in the blood

hs-CRP High-sensitivity CRP

HGB The haemoglobin test measures the quantity of haemoglobin contained in the red blood cells
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