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Abstract

Context: Metabolic disorders are a growing global concern, especially in developed countries, due to their increasing

prevalence. Serum lipid profiles, including triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL), and low-

density lipoprotein (LDL), are commonly used clinical biomarkers for monitoring the progression of these metabolic

abnormalities. In recent decades, hydrogen-rich water (HRW) has gained attention as a safe and effective treatment, with

regulatory effects on lipid peroxidation and inflammatory responses in clinical trials.

Objectives: This systematic review and meta-analysis aim to evaluate the effectiveness of HRW therapy on blood lipid profiles

in randomized controlled trials (RCTs) for metabolic disorders.

Methods: Following the PRISMA guidelines, a search for RCT studies was conducted in the PubMed, Web of Science, Embase,

and Google Scholar databases up to January 2024. Eight studies that met all eligibility criteria, including RCTs involving

metabolic dysfunctions and evaluations of lipid profiles, were included for further analysis. Data extraction was followed by

quality evaluation using the Jadad scoring system. Meta-analysis was conducted using STATA software.

Results: The eight selected RCTs included a total of 357 patients with various metabolic disorders. All studies showed either no

or low risk of bias. The overall levels of TG [95% CI: -0.27 (-0.47, -0.07)], TC [95% CI: -0.07 (-0.32, -0.18)], and LDL [95% CI: -0.06 (-0.28,

0.15)] demonstrated slight decreases across the studies. However, there was some heterogeneity in HDL levels [95% CI: -0.11 (-0.37,

0.14)] among the studies (I² = 37.32%). Meta-regression analysis further indicated a positive association between the outcomes

and the duration of the intervention as a moderating factor.

Conclusions: Hydrogen-rich water demonstrated modest lipid-lowering effects in patients with metabolic disorders.

However, due to the observed heterogeneity in HDL variations, further long-term trials involving larger populations are needed

to clarify these inconsistencies.
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1. Context

Metabolic abnormalities and metabolic syndromes

are complex conditions that increase the risk of

cardiovascular disease (CVD), type 2 diabetes mellitus

(T2DM), nonalcoholic fatty liver disease (NAFLD), sleep

apnea, polycystic ovarian syndrome (PCOS),

lipodystrophies, and premature mortality. The primary

risk factors for metabolic disorders include aging,

physical inactivity, high blood pressure, insulin

resistance, excess body fat around the waist, hormonal

imbalances, and dyslipidemia (1-3). Dyslipidemia refers

to abnormal lipid levels in the bloodstream, such as

elevated levels of triglyceride-rich lipoproteins (TRLs)

and low-density lipoprotein (LDL), along with reduced

high-density lipoprotein (HDL), all of which are key
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components of the lipid profile (4). Over the past two

decades, the prevalence of metabolic diseases has

increased, particularly in developed countries (5). The

incidence of metabolic disorders varies across

populations and is influenced by factors such as age,

gender, and lifestyle (6). For example, the incidence of

metabolic syndrome in adults in the United States is

estimated to exceed 34% (7). As a result of rapid lifestyle

changes and increasingly sedentary habits, the global

population faces the growing threat of widespread

obesity and type 2 diabetes outbreaks. Consequently, the

prevalence of metabolic disorders is expected to rise,

especially in developing countries (8).

Hydrogen, the most abundant element in the

universe, plays a crucial role in water, organic

compounds, and other essential substances (9). Its

ability to rapidly diffuse across cellular membranes,

combined with its small size and high diffusivity, allows

hydrogen to reach areas of the body that may be

difficult for other molecules to access. These properties

have generated interest in using hydrogen as a potential

medical treatment (10). Molecular hydrogen therapy

involves various forms of hydrogen delivery, such as

hydrogen gas inhalation, H2-rich saline injection,

hydrogen water (HW) baths, or hydrogen-rich water

(HRW), and is being explored as a preventative and

therapeutic option for a variety of conditions, including

cancer, CVD, respiratory disease (11), and

neurodegenerative disorders (12). Hydrogen

demonstrates antioxidant and anti-inflammatory

properties, making it potentially useful for reducing

oxidative damage and mitigating cellular and

mitochondrial harm caused by hydroxyl radicals and

oxidized biomolecules (13, 14).

Hydrogen also has anti-inflammatory effects. It can

reduce the recruitment of neutrophils and

macrophages by inhibiting the expression of

chemokines and intercellular adhesion molecules

during early-stage inflammation, which leads to

decreased production of pro-inflammatory cytokines

such as IL-6 and IFN-γ (15).

In recent years, numerous studies have examined the

potential benefits of hydrogen therapy on lipid profiles,

finding reductions in LDL cholesterol and triglycerides

(TG) and increases in HDL cholesterol levels (16, 17). A

recent meta-analysis of HRW’s effects on blood lipid

profiles in clinical trial populations showed reductions

in total cholesterol (TC), TG, and LDL cholesterol after

HRW therapy, while HDL levels remained unchanged

(18).

2. Objectives

In this updated meta-analysis, we focused specifically

on clinical trials involving populations with metabolic

dysfunctions to summarize the clinical relevance of

HRW in managing lipid levels in these patients.

3. Methods

3.1. Literature Search Strategy and Selection Criteria

This systematic review and meta-analysis adhered to

the preferred reporting items for systematic reviews and

meta-analyses (PRISMA) guidelines (19). A

comprehensive literature search was conducted in

PubMed, Embase, Web of Science, and Google Scholar

using the following keywords: ("molecular hydrogen"

OR "Hydrogen-rich water" OR "HRW") AND ("blood lipid

profiles" OR "total cholesterol" OR "high-density

lipoprotein cholesterol" OR "low-density lipoprotein

cholesterol" OR "lipid") AND ("metabolic disorders" OR

"metabolic syndrome" OR "diabetes" OR "T2DM" OR

"insulin resistance" OR "impaired glucose tolerance" OR

"fatty liver" OR "NAFLD" OR "NASH" OR "obesity" OR

"overweight" OR "cardiovascular diseases" OR "stroke"

OR "hypertension" OR "high blood pressure" OR

"hypercholesterolemia"). Two independent reviewers

conducted the literature search, and any disagreements

were resolved by consulting a third author. Studies

published up to January 2024 were included in this

analysis. Additionally, reference lists of related articles

and review papers were manually screened to identify

further relevant studies.

3.2. Inclusion and Exclusion Criteria

To be eligible for inclusion in this meta-analysis,

articles had to meet the following criteria: (1) human

studies published as original articles; (2) patients with

metabolic defects such as fatty liver,

hypercholesterolemia, diabetes, insulin resistance, and

obesity; (3) a treated group receiving HRW and a control

group receiving pure water (PW); (4) double-blinded,

randomized, and placebo-controlled trials; (5) studies

that included relevant lipid profile indicators (TC, HDL,

LDL, and TG).

Exclusion criteria for the meta-analysis were as

follows: (1) case reports, reviews, comments, guidelines,
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in vivo or in vitro studies; (2) other forms of hydrogen

therapy, such as inhalation, injection, cream, or eye

drops; (3) combination of HRW with other therapies; (4)

studies without a placebo group for comparison; and (5)

studies lacking pre- and post-treatment data.

3.3. Data Extraction

The entire text of each paper was thoroughly

screened by two researchers (H.J. and G.K.T.), who

independently conducted data extraction. The extracted

information from each study included the first author’s

name, year of publication, study design, protocol,

duration, age of participants, the population size of

HRW and PW groups, and outcomes (including means

and standard deviations). All literature was carefully

reviewed by these two researchers to identify relevant

experimental trials for inclusion in the analysis. Any

discrepancies or disagreements in the selection process

were resolved through discussion between the

researchers.

3.4. Quality Evaluation of the Included Articles

The Jadad scoring system was employed to assess the

methodological quality of the included articles. This

evaluation considered eight key features:

1. Randomization: Was the allocation of participants

to different groups conducted randomly?

2. Randomization methodology: Was the approach to

randomizing participants adequately described and

appropriate?

3. Blinding: Was the study designed in a way that

both participants and researchers were unaware of

group assignments?

4. Blinding methodology: Was the process of

maintaining this lack of awareness (blinding) among

participants and researchers clearly described and

appropriate?

5. Withdrawals and dropouts: Was there an account

provided for participants who withdrew or dropped out

of the study?

6. Inclusion/exclusion criteria: Were the criteria for

selecting or excluding study participants clearly

outlined?

7. Adverse effects assessment: Was the procedure for

evaluating any negative effects of the intervention

clearly described?

8. Statistical analysis methods: Were the techniques

used for statistical evaluation of the data clearly

articulated?

Each study was evaluated based on these criteria to

ensure its quality and reliability in this systematic

review and meta-analysis (20).

3.5. Statistical Analysis

The STATA software package (version 17.0) was used to

perform a meta-analysis using a random effects model

and the REML method. The continuous variables of the

blood lipid profile are expressed as the mean and

standard deviation (SD). The Cochrane Q test and I²

index were applied in each meta-analysis to assess study

heterogeneity. If P > 0.1 or I2 ≤ 50%, it indicated no

heterogeneity, and a fixed effects model was used. If P ≤

0.1 or I2 > 50%, it indicated significant research

heterogeneity. Forest plots were utilized to visually

assess the effect size and the corresponding 95% CI

across the studies. Funnel plot distribution was

employed to evaluate publication bias in the included

literature. A P-value of less than 0.05 was considered

statistically significant.

4. Results

4.1. Literature Search

The literature search from PubMed, Embase, and

Google Scholar identified 742 studies. We found 102

duplicates, and 612 studies were excluded based on a

review of the title and abstract. A full-text assessment of

the remaining 28 studies led to the exclusion of 20 more

studies. Ultimately, 8 studies were included for quality

assessment and meta-analysis. The PRISMA flowchart of

study selection is shown in Figure 1.

4.2. Study Characteristics

According to the characteristics presented in Table 1,

eight randomized control trials were included in this

study, involving 357 patients with various metabolic

disorders. The patients in three studies had T2DM or

impaired glucose tolerance (21-23), two studies involved

NAFLD (24, 25), one study focused on metabolic

syndromes (26), one study involved

hypercholesterolemia (27), and the participants in the

final study were overweight women (28).
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart of study selection

Participants in the treated groups of all studies

received HRW, ranging from 750 mL to 2000 mL per day,

with six studies using 900 to 1000 mL/day (21, 23-25, 27,

28), one study using 750 mL/day (26), and one study

using 1500 - 2000 mL/day (22). Hydrogen concentration

data was provided in only four studies (21, 24-26). The

trial periods ranged from 4 weeks (28) to 12 weeks (22),

while most studies used an 8-week follow-up trial (21, 23-

25).

All analyzed blood lipid variables, including TC, TG,

HDL, and LDL, were assessed in six studies (21, 23, 24, 26-

28). However, two studies (22, 25) did not assess blood

LDL levels. More detailed characteristics of the lipid

profiles from the included studies are provided in Table

2.

4.3. Quality Assessment

To evaluate the quality of the included studies, a

Jadad quality score was applied. According to this

https://brieflands.com/articles/ijem-148600
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Table 1. Effects of Hydrogen-Rich- Water on Blood Lipid Profiles

Study Population Intervention Outcomes

1. Kajiyama
et al. ( 21)

36 samples with T2DM (58.6 ±
4.7 y)

Study type: Double-blinded, randomized, and placebo-
controlled trials. Protocol: 900 mL/d of HRW (H2

concentration = 12ppm). Period: 8 weeks

There was no significant difference in the level of HDL-C, LDL-C,
RLP-C, TC, and TG between the HRW and PW groups, while the
serum level of sdLDL and emLDL significantly decreased in the
HRW group. They suggested HRW as a potential supplement in
patients with T2DM.

2. Song et al.
( 27)

68 samples with
hypercholesterolemia (55.8 ±
10.5 y)

Study type: Double-blinded, randomized, and placebo-
controlled trials. Protocol: 0.9 L/d (0.3 L, three times
daily) of HRW. Period: 10 weeks

The levels of LDL, TC, oxidative, and inflammatory markers
decreased in plasma, with no significant difference in HDL levels.
The findings indicate the potential role of H2 in reducing

hypercholesterolemia and atherosclerosis.

3. Korovljev
et al. ( 28)

10 women in their middle
age who are overweight (56.4
± 12.6 y)

Study type: Double-blinded, randomized, and placebo-
controlled trials. Protocol: A combination of hydrogen-
generating minerals (46 mg of calcium and 40 mg of
magnesium) provides around six ppm of H2 daily.

Period: 4 weeks

The TG levels decreased after treatment, while the other blood
lipids remained unchanged. The body fat and arm fat rate also
dropped in the HRW group. Administration of H2 as a blend may

be beneficial for managing body composition and insulin
resistance in obesity.

4. LeBaron et
al. ( 11)

60 samples with metabolic
syndrome (43.2 ± 10 y)

Study type: Double-blinded, randomized, and placebo-
controlled trials. Protocol: One tablet thrice a day with
250 mL of water (provide more than 5.5 ppm of H2 daily).
Period: 24 weeks

The TC, LDL, VLDL, HDL, TG, glucose levels, and body mass index
were decreased in the HRW group after treatment compared with
the placebo group.

5. Kura et al.
( 24)

30 samples with NAFLD (52.9
± 10.6 y)

Study type: Double-blinded, randomized, and placebo-
controlled trials. Protocol: One tablet thrice daily with
330 mL of water (providing more than 4 mg of H2 daily).

Period: 8 weeks

The HRW significantly reduced BMI and systolic blood pressure
while blood lipid profiles remained stable.

6. Ogawa et
al. ( 22) 50 samples with T2DM (68 y)

Study type: Double-blinded, randomized, and placebo-
controlled trials. Protocol: H2 is administered via EHW.

Participants were instructed to consume 1,500 - 2000 mL
of water daily, and the electrolyte levels gradually
increased over time. Period: 3 months

The EHW group showed a small delta change increasing for TC and
HDL and a small decrease for TG compared with the FW group.

7. Sumbalová
et al. ( 25)

30 samples with NAFLD (52.9
± 2.7 y)

Study type: Double-blinded, randomized, and placebo-
controlled trials. Protocol: One tablet thrice daily with
330 mL of water (providing more than 4 mg/L of H2
daily). Period: 8 weeks

The HDL cholesterol (+7.2%) and immune cells (lymphocytes)
concentration was enhanced in the HRW group, while TC and TG
slightly increased.

8. Liang et al.
( 23)

73 samples with IFG (47 ± 5.73
y)

Study type: Double-blinded, randomized, and placebo-
controlled trials. Protocol: One L/d of HRW (H2
concentration = 1.4 mg/mL), Period: 8 weeks

Subjects showed a decreasing trend in TC following HRW
treatment, with no significant difference in HDL and LDL levels.

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; BMI, Body Mass Index; TC, total cholesterol; TG, triglycerides; HRW, hydrogen-rich water; PW, placebo
water; T2DM, type 2 diabetes; IFG, impaired fasting glucose; NAFLD, non-alcoholic fatty liver disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; RLP-C, remnant-like particle cholesterol; sdLDL, small dense LDL; emLDL, net electronegative charge of modified LDL.

Table 2. Basic Information and the Related Blood Lipids Profile of the Included Studies

Author; (y) Research Object Total
Cases BMI (kg/m2) TC (mmol/L) LDL (mmol/L) HDL (mmol/L) TG (mmol/L)

HRW PW HRW PW HRW PW HRW PW HRW PW HRW PW

Kajiyama et al. (2008),
( 21) T2DM 36 36 23.5 ± 3.3 23.5 ± 3.3 5.45 ±

0.87 5.5 ± 0.92 1.63 ±
0.37 1.6 ± 0.37 3.35 ±

0.73
3.42 ±
0.78 10.8 ± 4 11.3 ± 4.4

Song et al. (2015), ( 27) Hyperchol
Esterolemia 34 34 26.9 ± 3.6 26.7 ± 3.3 5.65 ± 1.3 6.09 ±

1.18
1.45 ±
0.36

1.51 ±
0.32

3.85 ±
1.21

4.08 ±
1.15

1.85 ±
1.17 2 ± 1.2

Korovljev et al . (2017),
( 28) Obesity 10 10 29.2 ± 3.2 29.6 ± 3.4 5.7 ± 1 5.9 ± 0.8 1.5 ± 0.2 1.6 ± 0.4 3.6 ± 0.7 3.7 ± 0.7 1.2 ± 0.6 1.4 ± 0.7

LeBaron et al. (2020),
( 11) MetS 30 30 28.2 ± 4.9 31.3 ± 5.3 9.39 ±

1.45
10.2 ±

2.14 2.24 ± 0.1 2.34 ±
0.13

5.69 ±
1.55

5.88 ±
43.3

7.91 ±
3.61

10.3 ±
5.62

Kura et al. (2022), ( 24) NAFLD 17 13 35.16 ±
4.33

32.91 ±
3.03

10.5 ±
2.15

10.43 ±
2.28

2.58 ±
0.22

46.05 ±
8.7

6.69 ±
1.7

6.66 ±
1.7

9.41 ±
4.13

10.86 ±
3.86

Ogawa et al. (2022),
( 22) T2DM 23 22 25.9 ± 3.8 27.7 ± 5 5.3 ±

0.83
4.75 ±
0.66

1.34 ±
0.43

1.25 ±
0.55 - - 1.21 ±

0.42 1.15 ± 0.51

Sumbalová et al.
(2023), ( 25) NAFLD 17 13 35.2 ± 1.1 32.9 ± 0.8 4.87 ±

0.24
4.86 ±
0.29

1.19 ±
0.03

1.19 ±
0.06 - - 1.97 ±

0.2
2.21 ±
0.22

Liang et al. (2023), ( 23) IFG 32 41 25.09 ±
4.15

24.63 ±
3.36

5.11 ±
0.73

5.22 ±
0.96

1.24 ±
0.32

1.22 ±
0.27

3.13 ±
0.61

3.11 ±
0.74 1.14 ± 1 1.42 ± 1.05

Abbreviations: BMI, Body Mass Index; TC, total cholesterol; TG, triglycerides; HRW, hydrogen-rich water; PW, placebo water; T2DM, type 2 diabetes; IFG, impaired fasting glucose;
NAFLD, non-alcoholic fatty liver disease; MetS, metabolic syndrome.

scoring, as shown in Table 3, all studies received scores

ranging from 4 to 8, indicating that these studies

exhibited "good" to "excellent" methodological quality.

Additionally, publication bias for all variables was

assessed using Hedges’s method, with the results

illustrated in Figure 2.
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Table 3. Jadad Quality Control Scoring of the Included Studies

Questions (Yes = 1; No = 0)
Kajiyama et
al. (21)

Liang et
al. (23)

Korovljev et
al. (28)

Sumbalová et
al. (25)

Kura et
al. (24)

LeBaron et
al. (11)

Song et
al. (27)

Ogawa et
al. (22)

Was the study described as randomized? 1 1 1 1 1 1 1 1

Was the method of randomization
appropriate?

0 0 0 1 1 1 1 1

Was the study described as blinding? 1 1 1 1 1 1 1 1

Was the method of blinding appropriate? 0 0 0 0 0 0 1 1

Was there a description of withdrawals and
dropouts?

0 1 0 0 0 0 0 1

Was there a clear description of the
inclusion/exclusion criteria?

1 1 0 1 1 1 1 1

Was the method used to assess adverse
effects described? 0 0 1 0 0 0 1 1

Were the methods of statistical analysis
described?

1 1 1 1 1 1 1 1

Total Score 4 5 4 5 5 5 7 8

Figure 2. Publication bias assessment with Hedges’s method for blood lipid profiles. The A, B, C, and D funnel plots represent the TG, TC, HDL, and LDL respectively

4.4. Effects of Hydrogen-Rich Water on Blood Lipid Profile

We evaluated the effects’ size with a random effects

reml model due to better assessment of heterogenous

studies, however, due to the limited studies, we checked

the heterogeneity of studies with a fixed effects model,

and totally no obvious differences were observed

between the two models.

4.4.1. Triglycerides

https://brieflands.com/articles/ijem-148600
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Figure 3. The heterogeneity assessment of the eight included studies for serum triglycerides (TG)

Figure 4. The forest plot for heterogeneity assessment of studies for serum total cholesterol (TC)

Triglycerides results from the eight studies indicated

a slight decrease in HRW-treated patients compared to

the PW control group [95% CI: -0.27 (-0.47, -0.07)]. No

heterogeneity bias was detected in the analysis of these

studies (I2 = 0%, P = 0.31) (Figure 3).

4.4.2. Total Cholesterol

The changes in TC after treatment with HRW were not

significant compared to the control group, with a 95% CI

of -0.07 (-0.32, -0.18); however, this treatment did show a

small decreasing effect on TC (Figure 4). Additionally,

the heterogeneity analysis revealed moderate

heterogeneity, with I2 = 34.82% and P = 0.16.

4.4.3. High-Density Lipoprotein

As shown in Figure 5, the evaluation of eight pooled

studies for serum HDL changes after treatment with

HRW revealed a small decline compared to the control

[95% CI = -0.11 (-0.37, 0.14)]. The heterogeneity assessment

indicated moderate heterogeneity (I2 = 37.32%).

https://brieflands.com/articles/ijem-148600
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Figure 5. The forest plot for heterogeneity assessment of studies for serum high-density lipoprotein (HDL)

Figure 6. The bubble plot for assessment of studies durations regression for serum high-density lipoprotein (HDL)

Additionally, when using a fixed-effects model, the

heterogeneity remained relatively unchanged (I2 = 34%)

(Figure 6).

4.4.4. Low-Density Lipoprotein

The overall results of the eight studies were pooled

using a random-effects model to analyze the changes in

blood LDL after treatment with HRW compared to PW

controls (Figure 7). According to the results, the pooled

studies showed no heterogeneity (I2 = 0%, P = 0.99).

Although HRW treatment had a small decreasing effect

https://brieflands.com/articles/ijem-148600
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Figure 7. The forest plot for heterogeneity assessment of studies for serum low-density lipoprotein (LDL)

on LDL levels, the changes were not statistically

significant [95% CI = -0.06 (-0.28, 0.15)].

5. Discussion

In the current systematic review and meta-analysis,

we focused on evaluating the effects of HRW on lipid

profile changes in various metabolic disorders through

a review of the literature. After rigorous screening of

trial studies up to 2024, eight double-blind RCTs,

involving 357 patients with different metabolic

disorders, were selected for further analysis. The

assessment of serum lipid changes in all eight studies

showed that TG, TC, HDL, and LDL levels slightly

decreased following HRW therapy. However, most of

these changes were not statistically significant.

Metabolic disorders are a complex set of metabolic or

endocrine disturbances that lead to various conditions,

including metabolic syndrome (MetS), obesity, CVD,

T2DM, impaired glucose tolerance, non-alcoholic fatty

liver disease (NAFLD), and hypercholesterolemia (29).

These disorders have become a global concern due to

lifestyle changes and other risk factors. Although the

prevalence of these disorders is high among older

adults, there has been an increasing trend among

younger adults aged 20 - 30, as observed up to 2016 in

the United States (7). Alterations in lipid profiles and

their metabolism in tissues are major consequences of

metabolic dysfunctions, leading to increased synthesis

of VLDL and TG in the liver while decreasing HDL levels.

Furthermore, TG levels in plasma rise due to reduced TG

uptake by peripheral tissues. Another consequence of

metabolic disorders is the disruption of the endocrine

system, which leads to hormonal changes, such as

elevated insulin and leptin levels, insulin resistance in

peripheral tissues, and decreased adiponectin, all of

which contribute to reduced fatty acid oxidation (30).

Hydrogen therapy has demonstrated several

regulatory effects, including antioxidation, anti-

inflammation, and suppression of apoptosis (31). Some

studies have shown that hydrogen therapy decreases

serum TC, TG, and LDL levels while increasing HDL. It

also reduces isocitrate lyase activity and the glyoxylic

acid cycle. Additionally, H2 consumption can affect lipid

oxidation by increasing superoxide dismutase levels

and reducing thiobarbituric acid-reactive substances

(32).

A study by Todorovic et al. assessed the effects of HRW

on lipid profiles in a pool of studies up to 2022, focusing

on clinical trial populations with metabolic

abnormalities and physiological issues such as aging.

Their findings revealed a decrease in TC, TG, and LDL

levels following treatment in all their included studies,

while total HDL remained unchanged (18). Unlike their

study, we limited our analysis to serum lipid profile

changes in metabolic disorders in double-blind RCTs,

incorporating updates from more recent studies. Our

study revealed differing effects of HRW on serum HDL

compared to Todorovic et al. (18).
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Furthermore, we considered potential moderators,

including age, nationality, intervention period, and

doses that may have influenced the outcomes, and

performed a meta-regression analysis. However, since

some data were not provided—such as information on

the nationality or age of participants—we primarily

assessed the effects of intervention periods. All studies

included participants of both sexes, except for Korovljev

et al., which exclusively involved overweight women. As

a result, subgroup analysis was not performed (28).

The total trend of TG, a major hyperlipidemia factor,

showed a reduction after hydrogen therapy in these

studies. However, the study by Ogawa et al. did not

demonstrate any reduction in serum TG. Although they

did not provide an explanation, one possible reason

may be the different effects of electrolyzed hydrogen

water (EHW) compared to HRW used in other studies

(22). The meta-regression test showed no significant

association between the intervention period and

changes in TG, TC, and LDL.

Hydrogen-rich water generally had a slight

decreasing effect on TC, a well-known predictor of CVD,

metabolic disorders, and hyperlipidemia, although this

effect was not significant (P = 0.57). In a study conducted

by LeBaron et al., this decrease was more noticeable,

possibly due to the higher doses of H2 (5.5 ppm)

administered and the longer treatment period (24

weeks). However, the regression analysis did not

support any association between TC variations and the

duration of treatment. Conversely, in some studies, TC

slightly increased. In the study by Ogawa et al., TC

slightly increased, possibly due to the administration of

EHW, although the authors did not discuss the possible

reasons, stating only that EHW had no adverse effects,

such as increased H+ levels or hyperkalemia (22, 26).

High-density lipoprotein is a predictive biomarker

for the risk of coronary artery disease (CAD) due to its

protective roles, including cholesterol transfer from

peripheral tissues to the liver for excretion through bile,

absorption of cholesterol from macrophage foam cells,

anti-inflammatory and antioxidant activity, and

detoxification of lipid hydroperoxides. These functions

make HDL a risk factor for atherosclerosis and other

vascular diseases (33, 34). Similar to other clinical trials,

Nakao et al. reported in a pilot study with MetS patients

a significant increase in HDL and a subsequent decrease

in the TC/HDL ratio after 4 weeks of HRW treatment (16,

35).

Our assessment of HDL changes after HRW therapy in

the selected studies showed that the total trend was not

an increase but rather a slight decrease, though this

decrease was not statistically significant (P = 0.38). It is

important to note that in three studies, the 95% CI was

negative. We thoroughly examined the possible reasons

for these variations. The meta-regression analysis on

study duration showed a positive correlation between

this potential moderator and the study results, with R2 =

100% and P < 0.05. The study by LeBaron et al., which

showed the largest decrease in HDL levels,

demonstrated a significant decline in the ratio of TC or

TG to HDL, both of which are considered more

important predictive biomarkers due to the significant

reduction in TC and TG (26).

Furthermore, in a clinical trial, Song et al. found that

plasma HDL-C increased after 10 weeks of HRW

administration. The authors indicated that HRW led to

an increase in nascent HDL forms, including pre-β1-HDL,

and improved HDL functions, such as cholesterol efflux

by the ABCA1 transporter, reduced phospholipid content

in HDL3, and enhanced apoM in HDL particles, which is

involved in restricting atherogenesis (27). Reviewing

another study revealed that despite a decline in serum

TG levels after a 4-week HRW intervention, other lipid

levels did not change significantly. However, a closer

analysis of the provided data indicated a small decrease

in both the treatment and placebo groups (28).

The last serum lipid marker evaluated in this

analysis, LDL, is another key biomarker for

hyperlipidemia and coronary heart disease (CHD),

alongside other factors such as small dense LDL (sd-LDL),

non-high-density lipoprotein cholesterol (non-HDL-c),

and Apolipoprotein B (ApoB) (36, 37). However, due to

insufficient data on other LDL subtypes and lipids in the

eight selected studies, our analysis focused solely on

LDL. Overall, after the interventions, the serum LDL

levels slightly decreased. Two of the studies did not

provide LDL data (22, 25), and in two studies, LDL levels

either slightly increased or showed a marginal decrease

(23, 24). In the study conducted by Kura et al., the delta

change in LDL showed a decrease in both the treated

and untreated groups. They suggested that the limited

study duration (8 weeks compared to 24 weeks in their

previous study) and the higher baseline parameters in

the earlier study could account for these results (24).

In Liang et al.'s study, there were no significant

changes in LDL or HDL levels. The authors attributed this

to the short treatment duration (8 weeks) and the small

https://brieflands.com/articles/ijem-148600
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sample size, suggesting that a longer-term trial could

clarify these ambiguities (23).

This meta-analysis focused on populations with

metabolic disorders but had some limitations,

including the small number of RCT studies and

insufficient data regarding changes in patients' lipid

profiles. Furthermore, some studies did not provide

comprehensive lipid profile information for the

patients.

5.1. Conclusions

In conclusion, HRW therapy shows potential as a

regulatory factor for plasma lipid profiles. However, the

overall effects were modest, and HRW may be more

effective when combined with lifestyle modifications

and other treatments. The heterogeneity of the

treatment period impacted the outcomes for HDL, with

longer intervention periods resulting in more effective

lipid-lowering effects. Nevertheless, many studies lacked

clear data on the administered doses, a critical factor

that could influence the outcomes. According to our

data, no publication bias was observed due to the strict

inclusion criteria and review of RCT studies, although

this limited the populations studied.

Footnotes

Authors' Contribution: H. J. and G. K-T. have made

substantial contributions to the conception and design,

acquisition of data, analysis and interpretation of data

and drafting of the manuscript; E. N. has contributed to

the study design and approved the final version of the

manuscript. All the authors read and approved the final

version of the manuscript.

Conflict of Interests Statement: The authors declare

they have no financial and/or non-financial competing

interests.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication.

Funding/Support: This study was supported by a

grant from the Shahid Beheshti University of Medical

Science to E. N.

References

1. Gans RO. The metabolic syndrome, depression, and cardiovascular

disease: interrelated conditions that share pathophysiologic

mechanisms. Med Clin North Am. 2006;90(4):573-91. [PubMed ID:

16843763]. https://doi.org/10.1016/j.mcna.2006.05.002.

2. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA,

et al. Diagnosis and management of the metabolic syndrome: an

American Heart Association/National Heart, Lung, and Blood

Institute Scientific Statement. Circulation. 2005;112(17):2735-52.

[PubMed ID: 16157765].

https://doi.org/10.1161/CIRCULATIONAHA.105.169404.

3. McIntyre RS, Danilewitz M, Liauw SS, Kemp DE, Nguyen HT, Kahn LS,

et al. Bipolar disorder and metabolic syndrome: an international

perspective. J Affect Disord. 2010;126(3):366-87. [PubMed ID: 20541810].

https://doi.org/10.1016/j.jad.2010.04.012.

4. Ginsberg HN, Zhang YL, Hernandez-Ono A. Metabolic syndrome:

focus on dyslipidemia. Obesity (Silver Spring). 2006;14 Suppl 1:41S-9S.

[PubMed ID: 16642962]. https://doi.org/10.1038/oby.2006.281.

5. Chew NWS, Ng CH, Tan DJH, Kong G, Lin C, Chin YH, et al. The global

burden of metabolic disease: Data from 2000 to 2019. Cell Metab.

2023;35(3):414-428 e3. [PubMed ID: 36889281].

https://doi.org/10.1016/j.cmet.2023.02.003.

6. Kolovou GD, Anagnostopoulou KK, Salpea KD, Mikhailidis DP. The

prevalence of metabolic syndrome in various populations. Am J Med

Sci. 2007;333(6):362-71. [PubMed ID: 17570989].

https://doi.org/10.1097/MAJ.0b013e318065c3a1.

7. Hirode G, Wong RJ. Trends in the Prevalence of Metabolic Syndrome

in the United States, 2011-2016. JAMA. 2020;323(24):2526-8. [PubMed

ID: 32573660]. [PubMed Central ID: PMC7312413].

https://doi.org/10.1001/jama.2020.4501.

8. Farmanfarma K, Ansari-Moghaddam A, Kaykhaei M, Mohammadi M,

Adineh H, Aliabd H. Incidence of and factors associated with

metabolic syndrome, south-east Islamic Republic of Iran. East

Mediterr Health J. 2021;27(11):1084-91. [PubMed ID: 34927712].

https://doi.org/10.26719/emhj.21.051.

9. Zheng XF, Sun XJ, Xia ZF. Hydrogen resuscitation, a new

cytoprotective approach. Clin Exp Pharmacol Physiol. 2011;38(3):155-63.

[PubMed ID: 21251046]. https://doi.org/10.1111/j.1440-1681.2011.05479.x.

10. Laporte A, Lortz S, Schaal C, Lenzen S, Elsner M. Hydrogen peroxide

permeability of cellular membranes in insulin-producing cells.

Biochim Biophys Acta Biomembr. 2020;1862(2):183096. [PubMed ID:

31672544]. https://doi.org/10.1016/j.bbamem.2019.183096.

11. LeBaron TW, Kura B, Kalocayova B, Tribulova N, Slezak J. A New

Approach for the Prevention and Treatment of Cardiovascular

Disorders. Molecular Hydrogen Significantly Reduces the Effects of

Oxidative Stress. Mol. 2019;24(11). [PubMed ID: 31159153]. [PubMed

Central ID: PMC6600250]. https://doi.org/10.3390/molecules24112076.

12. Rahman MH, Bajgai J, Fadriquela A, Sharma S, Trinh Thi T, Akter R, et

al. Redox effects of molecular hydrogen and its therapeutic efficacy

in the treatment of neurodegenerative diseases. Processes.

2021;9(2):308.

13. Johnsen HM, Hiorth M, Klaveness J. Molecular Hydrogen Therapy-A

Review on Clinical Studies and Outcomes. Mol. 2023;28(23). [PubMed

ID: 38067515]. [PubMed Central ID: PMC10707987].

https://doi.org/10.3390/molecules28237785.

14. Yu J, Yu Q, Liu Y, Zhang R, Xue L. Hydrogen gas alleviates oxygen

toxicity by reducing hydroxyl radical levels in PC12 cells. PLoS One.

2017;12(3). e0173645. [PubMed ID: 28362819]. [PubMed Central ID:

PMC5375132]. https://doi.org/10.1371/journal.pone.0173645.

https://brieflands.com/articles/ijem-148600
http://www.ncbi.nlm.nih.gov/pubmed/16843763
https://doi.org/10.1016/j.mcna.2006.05.002
http://www.ncbi.nlm.nih.gov/pubmed/16157765
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
http://www.ncbi.nlm.nih.gov/pubmed/20541810
https://doi.org/10.1016/j.jad.2010.04.012
http://www.ncbi.nlm.nih.gov/pubmed/16642962
https://doi.org/10.1038/oby.2006.281
http://www.ncbi.nlm.nih.gov/pubmed/36889281
https://doi.org/10.1016/j.cmet.2023.02.003
http://www.ncbi.nlm.nih.gov/pubmed/17570989
https://doi.org/10.1097/MAJ.0b013e318065c3a1
http://www.ncbi.nlm.nih.gov/pubmed/32573660
https://www.ncbi.nlm.nih.gov/pmc/PMC7312413
https://doi.org/10.1001/jama.2020.4501
http://www.ncbi.nlm.nih.gov/pubmed/34927712
https://doi.org/10.26719/emhj.21.051
http://www.ncbi.nlm.nih.gov/pubmed/21251046
https://doi.org/10.1111/j.1440-1681.2011.05479.x
http://www.ncbi.nlm.nih.gov/pubmed/31672544
https://doi.org/10.1016/j.bbamem.2019.183096
http://www.ncbi.nlm.nih.gov/pubmed/31159153
https://www.ncbi.nlm.nih.gov/pmc/PMC6600250
https://doi.org/10.3390/molecules24112076
http://www.ncbi.nlm.nih.gov/pubmed/38067515
https://www.ncbi.nlm.nih.gov/pmc/PMC10707987
https://doi.org/10.3390/molecules28237785
http://www.ncbi.nlm.nih.gov/pubmed/28362819
https://www.ncbi.nlm.nih.gov/pmc/PMC5375132
https://doi.org/10.1371/journal.pone.0173645


Jamialahmadi H et al. Brieflands

12 Int J Endocrinol Metab. 2024; 22(3): e148600

15. Chen M, Zhang J, Chen Y, Qiu Y, Luo Z, Zhao S, et al. Hydrogen protects

lung from hypoxia/re-oxygenation injury by reducing hydroxyl

radical production and inhibiting inflammatory responses. Sci Rep.

2018;8(1):8004. [PubMed ID: 29789753]. [PubMed Central ID:

PMC5964155]. https://doi.org/10.1038/s41598-018-26335-2.

16. Song G, Li M, Sang H, Zhang L, Li X, Yao S, et al. Hydrogen-rich water

decreases serum LDL-cholesterol levels and improves HDL function

in patients with potential metabolic syndrome. J Lipid Res.

2013;54(7):1884-93. [PubMed ID: 23610159]. [PubMed Central ID:

PMC3679390]. https://doi.org/10.1194/jlr.M036640.

17. Zong C, Song G, Yao S, Li L, Yu Y, Feng L, et al. Administration of

hydrogen-saturated saline decreases plasma low-density lipoprotein

cholesterol levels and improves high-density lipoprotein function in

high-fat diet-fed hamsters. Metabolism. 2012;61(6):794-800. [PubMed

ID: 22153840]. https://doi.org/10.1016/j.metabol.2011.10.014.

18. Todorovic N, Fernandez-Landa J, Santibanez A, Kura B, Stajer V,

Korovljev D, et al. The Effects of Hydrogen-Rich Water on Blood Lipid

Profiles in Clinical Populations: A Systematic Review and Meta-

Analysis. Pharmaceuticals (Basel). 2023;16(2). [PubMed ID: 37259294].

[PubMed Central ID: PMC9967957].

https://doi.org/10.3390/ph16020142.

19. Knobloch K, Yoon U, Vogt PM. Preferred reporting items for

systematic reviews and meta-analyses (PRISMA) statement and

publication bias. J Craniomaxillofac Surg. 2011;39(2):91-2. [PubMed ID:

21145753]. https://doi.org/10.1016/j.jcms.2010.11.001.

20. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan

DJ, et al. Assessing the quality of reports of randomized clinical

trials: is blinding necessary? Control Clin Trials. 1996;17(1):1-12.

[PubMed ID: 8721797]. https://doi.org/10.1016/0197-2456(95)00134-4.

21. Kajiyama S, Hasegawa G, Asano M, Hosoda H, Fukui M, Nakamura N,

et al. Supplementation of hydrogen-rich water improves lipid and

glucose metabolism in patients with type 2 diabetes or impaired

glucose tolerance. Nutr Res. 2008;28(3):137-43. [PubMed ID:

19083400]. https://doi.org/10.1016/j.nutres.2008.01.008.

22. Ogawa S, Ohsaki Y, Shimizu M, Nako K, Okamura M, Kabayama S, et al.

Electrolyzed hydrogen-rich water for oxidative stress suppression

and improvement of insulin resistance: a multicenter prospective

double-blind randomized control trial. Diabetol Int. 2022;13(1):209-19.

[PubMed ID: 35059257]. [PubMed Central ID: PMC8733095].

https://doi.org/10.1007/s13340-021-00524-3.

23. Liang B, Shi L, Du D, Li H, Yi N, Xi Y, et al. Hydrogen-Rich Water

Ameliorates Metabolic Disorder via Modifying Gut Microbiota in

Impaired Fasting Glucose Patients: A Randomized Controlled Study.

Antioxidants (Basel). 2023;12(6). [PubMed ID: 37371975]. [PubMed

Central ID: PMC10295603]. https://doi.org/10.3390/antiox12061245.

24. Kura B, Szantova M, LeBaron TW, Mojto V, Barancik M, Szeiffova

Bacova B, et al. Biological Effects of Hydrogen Water on Subjects with

NAFLD: A Randomized, Placebo-Controlled Trial. Antioxidants (Basel).

2022;11(10). [PubMed ID: 36290657]. [PubMed Central ID:

PMC9598482]. https://doi.org/10.3390/antiox11101935.

25. Sumbalová Z, Kucharská J, Rausová Z, Gvozdjáková A, Szántová M,

Kura B, et al. The Effect of Adjuvant Therapy with Molecular

Hydrogen on Endogenous Coenzyme Q(10) Levels and Platelet

Mitochondrial Bioenergetics in Patients with Non-Alcoholic Fatty

Liver Disease. Int J Mol Sci. 2023;24(15). [PubMed ID: 37569850].

[PubMed Central ID: PMC10419858].

https://doi.org/10.3390/ijms241512477.

26. LeBaron TW, Singh RB, Fatima G, Kartikey K, Sharma JP, Ostojic SM, et

al. The Effects of 24-Week, High-Concentration Hydrogen-Rich Water

on Body Composition, Blood Lipid Profiles and Inflammation

Biomarkers in Men and Women with Metabolic Syndrome: A

Randomized Controlled Trial. Diabetes Metab Syndr Obes. 2020;13:889-

96. [PubMed ID: 32273740]. [PubMed Central ID: PMC7102907].

https://doi.org/10.2147/DMSO.S240122.

27. Song G, Lin Q, Zhao H, Liu M, Ye F, Sun Y, et al. Hydrogen Activates

ATP-Binding Cassette Transporter A1-Dependent Efflux Ex Vivo and

Improves High-Density Lipoprotein Function in Patients With

Hypercholesterolemia: A Double-Blinded, Randomized, and Placebo-

Controlled Trial. J Clin Endocrinol Metab. 2015;100(7):2724-33. [PubMed

ID: 25978109]. https://doi.org/10.1210/jc.2015-1321.

28. Korovljev D, Trivic T, Drid P, Ostojic SM. Molecular hydrogen affects

body composition, metabolic profiles, and mitochondrial function

in middle-aged overweight women. Ir J Med Sci. 2018;187(1):85-9.

[PubMed ID: 28560519]. https://doi.org/10.1007/s11845-017-1638-4.

29. Bruce KD, Byrne CD. The metabolic syndrome: common origins of a

multifactorial disorder. Postgrad Med J. 2009;85(1009):614-21.

[PubMed ID: 19892897]. https://doi.org/10.1136/pgmj.2008.078014.

30. Aguilera CM, Gil-Campos M, Canete R, Gil A. Alterations in plasma

and tissue lipids associated with obesity and metabolic syndrome.

Clin Sci. 2008;114(3):183-93.

31. Yang M, Dong Y, He Q, Zhu P, Zhuang Q, Shen J, et al. Hydrogen: A

Novel Option in Human Disease Treatment. Oxid Med Cell Longev.

2020;2020:8384742. [PubMed ID: 32963703]. [PubMed Central ID:

PMC7495244]. https://doi.org/10.1155/2020/8384742.

32. Qiu X, Ye Q, Sun M, Wang L, Tan Y, Wu G. Saturated hydrogen

improves lipid metabolism disorders and dysbacteriosis induced by

a high-fat diet. Exp Biol Med (Maywood). 2020;245(6):512-21. [PubMed

ID: 31910652]. [PubMed Central ID: PMC7158597].

https://doi.org/10.1177/1535370219898407.

33. Shao B, Heinecke JW. HDL, lipid peroxidation, and atherosclerosis. J

Lipid Res. 2009;50(4):599-601. [PubMed ID: 19141435]. [PubMed

Central ID: PMC2656652]. https://doi.org/10.1194/jlr.E900001-JLR200.

34. Liu B, Zhao M, Xue J, Gu Q, Zhang X, Qin S. Hydrogen influences HDL-

associated enzymes and reduces oxidized phospholipids levels in

rats fed with a high-fat diet. Life Sci. 2021;267:118945. [PubMed ID:

33359745]. https://doi.org/10.1016/j.lfs.2020.118945.

35. Nakao A, Toyoda Y, Sharma P, Evans M, Guthrie N. Effectiveness of

hydrogen rich water on antioxidant status of subjects with potential

metabolic syndrome-an open label pilot study. J Clin Biochem Nutr.

2010;46(2):140-9. [PubMed ID: 20216947]. [PubMed Central ID:

PMC2831093]. https://doi.org/10.3164/jcbn.09-100.

36. Paredes S, Fonseca L, Ribeiro L, Ramos H, Oliveira JC, Palma I. Novel

and traditional lipid profiles in Metabolic Syndrome reveal a high

atherogenicity. Sci Rep. 2019;9(1):11792.

37. Fan J, Liu Y, Yin S, Chen N, Bai X, Ke Q, et al. Small dense LDL

cholesterol is associated with metabolic syndrome traits

independently of obesity and inflammation. Nutr Metab (Lond).

2019;16:7. [PubMed ID: 30679939]. [PubMed Central ID: PMC6341753].

https://doi.org/10.1186/s12986-019-0334-y.

https://brieflands.com/articles/ijem-148600
http://www.ncbi.nlm.nih.gov/pubmed/29789753
https://www.ncbi.nlm.nih.gov/pmc/PMC5964155
https://doi.org/10.1038/s41598-018-26335-2
http://www.ncbi.nlm.nih.gov/pubmed/23610159
https://www.ncbi.nlm.nih.gov/pmc/PMC3679390
https://doi.org/10.1194/jlr.M036640
http://www.ncbi.nlm.nih.gov/pubmed/22153840
https://doi.org/10.1016/j.metabol.2011.10.014
http://www.ncbi.nlm.nih.gov/pubmed/37259294
https://www.ncbi.nlm.nih.gov/pmc/PMC9967957
https://doi.org/10.3390/ph16020142
http://www.ncbi.nlm.nih.gov/pubmed/21145753
https://doi.org/10.1016/j.jcms.2010.11.001
http://www.ncbi.nlm.nih.gov/pubmed/8721797
https://doi.org/10.1016/0197-2456(95)00134-4
http://www.ncbi.nlm.nih.gov/pubmed/19083400
https://doi.org/10.1016/j.nutres.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/35059257
https://www.ncbi.nlm.nih.gov/pmc/PMC8733095
https://doi.org/10.1007/s13340-021-00524-3
http://www.ncbi.nlm.nih.gov/pubmed/37371975
https://www.ncbi.nlm.nih.gov/pmc/PMC10295603
https://doi.org/10.3390/antiox12061245
http://www.ncbi.nlm.nih.gov/pubmed/36290657
https://www.ncbi.nlm.nih.gov/pmc/PMC9598482
https://doi.org/10.3390/antiox11101935
http://www.ncbi.nlm.nih.gov/pubmed/37569850
https://www.ncbi.nlm.nih.gov/pmc/PMC10419858
https://doi.org/10.3390/ijms241512477
http://www.ncbi.nlm.nih.gov/pubmed/37569850
https://www.ncbi.nlm.nih.gov/pmc/PMC10419858
https://doi.org/10.3390/ijms241512477
http://www.ncbi.nlm.nih.gov/pubmed/32273740
https://www.ncbi.nlm.nih.gov/pmc/PMC7102907
https://doi.org/10.2147/DMSO.S240122
http://www.ncbi.nlm.nih.gov/pubmed/25978109
https://doi.org/10.1210/jc.2015-1321
http://www.ncbi.nlm.nih.gov/pubmed/28560519
https://doi.org/10.1007/s11845-017-1638-4
http://www.ncbi.nlm.nih.gov/pubmed/19892897
https://doi.org/10.1136/pgmj.2008.078014
http://www.ncbi.nlm.nih.gov/pubmed/32963703
https://www.ncbi.nlm.nih.gov/pmc/PMC7495244
https://doi.org/10.1155/2020/8384742
http://www.ncbi.nlm.nih.gov/pubmed/31910652
https://www.ncbi.nlm.nih.gov/pmc/PMC7158597
https://doi.org/10.1177/1535370219898407
http://www.ncbi.nlm.nih.gov/pubmed/19141435
https://www.ncbi.nlm.nih.gov/pmc/PMC2656652
https://doi.org/10.1194/jlr.E900001-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/33359745
https://doi.org/10.1016/j.lfs.2020.118945
http://www.ncbi.nlm.nih.gov/pubmed/20216947
https://www.ncbi.nlm.nih.gov/pmc/PMC2831093
https://doi.org/10.3164/jcbn.09-100
http://www.ncbi.nlm.nih.gov/pubmed/30679939
https://www.ncbi.nlm.nih.gov/pmc/PMC6341753
https://doi.org/10.1186/s12986-019-0334-y

