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Abstract: Alkaline electrolyzed water (AEW) and walking are strongly recommended for ameliorating
oxidative stress and inflammation. Nevertheless, there is a lack of information on the combination
of both on alleviating inflammation, oxidative stress, and improving the quality of life (QoL).
We investigated the synergistic effects of drinking AEW and walking on advanced glycation
end products (AGEs), advanced oxidation protein products (AOPPs), malondialdehyde (MDA),
white blood cells (WBCs), neutrophil-lymphocyte ratio (NLR) and QoL. In total, 81 eligible patients
with type 2 diabetes (T2DM) were randomly allocated via single blind to four groups: consumed
2 L/day of AEW (n = 20), instructed to walk for 150 min/week (n = 20), received a combination of AEW
and walking (n = 20), and continue their habitual diet and activity (n = 21). Data were collected and
analyzed before and after 8 weeks of intervention. Our results showed a significant interaction between
the group and time, with both AEW and walking independently and synergistically ameliorating
AGEs, AOPPs, MDA, NLR and WBCs levels. Moreover, the AEW group had a higher physical
and total QoL score. The walking group and the combined group had higher scores in physical,
mental and total QoL compared to the control group. The synergistic effect of AEW and regular
walking are an advisable treatment for patients with T2DM.

Keywords: alkaline electrolyzed water; inflammation marker; oxidative stress; regular walking;
synergistic effects; type 2 diabetes; quality of life

1. Introduction

Type 2 diabetes (T2DM) is characterized by insulin resistance, wherein there is an overproduction
and secretion of insulin in the early stage which lead to reduced insulin secretion and pancreatic
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beta cell death at late states. It has been reported that oxidative stress and inflammation are the risk
factors for developing T2DM, and major causes of the complications and mortality among patients
with T2DM [1–3]. The International Diabetes Federation has projected that the number of people with
diabetes worldwide will reach 578 million by 2030, and will rise to 700 million by 2045. In particular,
this threat is also present in Indonesia, where the prevalence of diabetes is expected to rise from
10.7 million to 16.6 million from 2019 and 2045 [4]. Consequently, these conditions may impair the
quality of life (QoL) [5]. Therefore, identifying the formation of oxidative stress and inflammatory
markers, and their roles in behavioral factors, is necessary for a better understanding of their effects on
the QoL.

Oxidative stress biomarkers, such as advanced glycation end products (AGEs), advanced oxidation
protein products (AOPPs) and malondialdehyde (MDA), are crucial parameters that facilitate
more-individualized treatments of T2DM. Furthermore, higher levels of these markers are powerful
predictors for developing vascular complications [6], and higher levels of inflammatory biomarkers
such as white blood cells (WBCs) and the neutrophil-lymphocyte ratio (NLR) were detected in T2DM
patients with inflammatory abnormalities [7,8]. Researchers concluded that both WBCs and the NLR
are key pathogenetic mechanisms triggering T2DM, and detecting the NLR is relatively inexpensive [7].
Moreover, a study in 2013 reported that an NLR of > 2.89 was considered a predictor of vascular
complications for T2DM in diabetic geriatric patients [9]. This indicated that detecting predictive
biomarkers of vascular complications in T2DM, such as AGEs, AOPPs, MDA, the NLR and WBCs,
is therefore necessary. Moreover, it is important to note that oxidative stress and inflammatory
markers have been integrated and developed into research protocols to provide health professionals
a way to recognize underlying biological processes and assess precision interventions [10]. Notably,
a biobehavioral approach is one of the greatest challenges, and it is important to integrate biological
phenomena with psychosocial and behavioral changes in health-related outcomes such as QoL. Further,
links between biological markers and behavior in relation to health outcomes can help form basic
strategies, such as physical activity and nutritional therapy, to restore, maintain and promote health [10].

It was found that regular aerobic exercise effectively reduces fasting blood glucose (FBG) and
AOPPs and maintains a stable blood pressure [11]. Regular physical activity was reported to improve
QoL and prevent diabetic complications through attenuating the formation of AGEs in patients with
T2DM [12]. Furthermore, an animal study demonstrated that low-intensity exercise reduced the
MDA level in rats with streptozotocin-induced diabetes [13]. Furthermore, regular exercise three or
more times per week was inversely associated with a lower NLR [14], and there was a large decrease
in WBCs [15]. However, approximately 46% of the general population of Indonesia are physically
inactive [16]. Behavioral interventions such as regular walking at least 30 min/day can serve as
convenient and easy ways to provide interventions for patients with T2DM [17]. However, no study
has investigated the effects of regular walking on reducing levels of AGEs, AOPPs, MDA, the NLR,
or WBCs in individuals with T2DM, particularly for Indonesians. Hence, examining the associations
of walking with an increased QoL and the prevention of diabetic complications among Indonesians
with T2DM is important.

Alkaline electrolyzed water (AEW) is produced near the cathode during water electrolysis. AEW is
a common health-beneficial drink that acts as a medical device that exhibits the alkaline power of
hydrogen (pH 8~10), and has negative oxidation-reduction potential (ORP), which has the ability to
scavenge reactive oxygen species (ROS) and reduce inflammation, and can protect deoxyribonucleic
acid from oxidative damage [18]. AEW is also used as a therapeutic substance, and was reported
to reduce insulin resistance (IR) in animal models [19,20]. However, few studies have explored the
antidiabetic effects of AEW in humans [21–26]. AEW was revealed to ameliorate blood glucose,
MDA, interleukin-6 and tumor necrosis factor alpha [25], and to increase the oxidant potential [26].
A study by Gadek et al. [27] showed that patients who drank at least 2 L/day of AEW had significantly
decreased blood glucose and glycated hemoglobin levels after treatment for 6 days. A multicenter
prospective double-blind randomized control trial suggested that AEW significantly decreased IR
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and maintained oxidative stress, as assessed by measurements of biological antioxidant potential
levels [21]. Further, a previous study showed that treatment with 2 L/day of AEW for patients
receiving radiotherapy for liver tumors improved QoL within 6 weeks [28]. Moreover, lower levels
of inflammation markers, such as NLR and WBCs, were positively associated with higher QoL [5].
Similarly, the amelioration of chronic inflammation is a potentially novel biobehavioral therapeutic
strategy for improving QoL [10]. However, the effects of AEW on AGEs, AOPPs, MDA, the NLR,
WBCs and the QoL have not been investigated in patients with T2DM. Interestingly, it was found that
AEW has beneficial effects on exercise due to its free radical-scavenging properties, thereby enabling the
maintenance of muscle performance and redox homeostasis during consecutive days of exercise [29].
This highlights the fact that regular walking together with AEW may have positive effects on reducing
inflammation and oxidative stress, which consequently increase QoL in individuals with T2DM.
However, these relationships require clarification.

Therefore, we conducted a randomized control trial study to investigate the effects of regular
walking, the consumption of AEW, and their combined synergistic effect on reducing levels of AGEs,
AOPPs, MDA, the NLR and WBCs, and on increasing the QoL of patients with T2DM. The objectives of
this study were to assess the effects of regular walking, drinking AEW, and their combined synergistic
effect on ameliorating oxidative stress (AGEs, AOPPs, and MDA) and inflammatory markers (the NLR
and WBCs), FBG, and on promoting the QoL among Indonesians with T2DM, over a period of 8 weeks.

2. Materials and Methods

2.1. Research Ethic and Sample Size

The study protocol was reviewed and approved by the Clinical Research Ethics Committee of
Siti Khotidjah Muhammadiyah Sepanjang Hospital (CRE; 009/KET-TPEP/X-2018) and Institutional
Review Board Ethics Committee of Institute Health Science Strada Indonesia (IRB; 326/KEPK/II/2018)
and conformed to the provisions of the Declaration of Helsinki. Written informed consent was
obtained from each participant after they had received both verbal and written information about the
research. Moreover, the trial study was registered with the Thai Clinical Trials Registry (Identifier:
TCTR20200403002). The data was extracted electronically in a comma-separated variable format
for a statistical software package. Databases were maintained on a secured server within the
password-protected computer system and data were anonymized. Only members of this research
study team will have access to the data. The electronic data will be deleted within five years following
publication. Sample size calculation in this study used G-Power statistical software based on prior
research [30]. Our study estimated the sample size based on an F-test, an a priori type of power
analysis, with an effect size of 0.25, a power (1–β) of 0.8, and an α level of 0.05, for four groups
(control group, regular walking group, AEW group, and AEW and regular walking combined group).
This method produced a total estimated sample size of 76. In this study, the sample size of each group
was 19 subjects. We estimated a 5% dropout rate and decided to increase the sample size to 20 subjects
in each group.

2.2. Study Design and Setting

A randomized control trial with a four parallel intervention group design was conducted to
evaluate the effects of regular walking, AEW supplementation, and the two combined on ameliorating
oxidative stress and inflammatory markers, and improving the QoL among Indonesians with T2DM,
with 8 weeks intervention. Individuals with T2DM were recruited from two community clinics
between 1 July and 30 November, 2018 in East Java, Indonesia. In this study, there were 154 patients
with T2DM identified from medical records at recruitment; 81 met the study inclusion and exclusion
criteria. The inclusion criteria were (1) Indonesian nationals aged 17~80 years, (2) those who agreed
to participate in the study, (3) patients who were diagnosed with T2DM at least six months before,
(4) no previous myocardial infarction, stroke or diagnosed coronary artery disease, (5) those who
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visited the community clinic outpatient department and completed the questionnaires, (6) those
who were diagnosed with T2DM as confirmed by a physician with 2 h blood glucose test results of
>200 mg/dL or FBG of >126 mg/dL [31], and (7) all patients were on stable oral hypoglycemic agents
(Metformin and/or Glibenclamide). The exclusion criteria included participants who (1) had experience
of drinking AEW, (2) had a Mini-Mental State Exam score of ≤24, (3) had an amputated limb or could
not walk, (4) were pregnant, (5) used antidepressants, (6) had auditory deficiencies, (7) had previous
thrombotic events, cancer, autoimmune disease or other chronic and acute disease, (8) patients who
were on insulin injections, and (9) those who had physical and mental problems that prevent walking.
All the medication were distributed by physicians and no changes were allowed. Recruited patients
with T2DM were randomly allocated to the four experimental groups. The CONSORT diagram of
participant recruitment and flow is presented in Figure 1.
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collection. Once a patient agreed to participate in the study, this information was passed by the research
assistant to a clinical nurse who then allocated the patients to the groups based on an opaque and
sealed envelope with the identifiers that were given to all participants according to their sequence of
entering the trial. It was impossible to blind the participants due to the nature of the interventions.

2.4. Interventions

2.4.1. Alkaline Electrolyzed Water Group

As recommended by other studies [22,24,27], participants in the alkaline electrolyzed water group
were asked to drink 2 L/day of alkaline electrolyzed water at pH 9.5 and with an ORP of −400.1
± 13.3 mV for 8 weeks. AEW was produced by a Kangen Water Type SD501 Platinum Machine
(Tokyo, Japan; ISO 9001:2015 and 14001:2015 certified) and was packaged in a dark bottle to maintain
the stability of hydrogen; the alkaline electrolyzed water was prepared fresh twice a week. We would
like to confirm that all patients collected the AEW twice a week. Moreover, AEW ingested during the
experiment consisted of 2.47 mg/L of chloride (CI−), copper (Cu; 0.147 mg/L), iron (Fe; 0.121 mg/L),
nitrate (NO3−; 0.093 mg/L), nitride (NO2−; 0.022 mg/L), calcium carbonate (CaCO3; 62.33 mg/L),
aluminum (AI; 0.05 mg/L) and sulfate (SO42−; 0.5 mg/L), produced in a private laboratory (ISO 14001:
2015 and 9001:2015 certified), and was approved as a water consumable. Research assistants controlled
the information report 3 days per week and encouraged participant adherence to the intervention
protocol for safety management. Data were collected at the baseline before alkaline electrolyzed
water intervention (T0) and post-intervention at 8 weeks (T1) to investigate the effects of the alkaline
electrolyzed water interventions.

2.4.2. Walking Group

Participants in the regular walking group were instructed to walk around the house, park or
roads for a duration at least 30 min, five times/week (for a total of 150 min/week) for 8 weeks, without
measuring the distance or speed [32]. Self-reported logbooks were provided for participants to record
the frequency and duration of their regular walks. Research assistants controlled the information
report 3 days per week and encouraged participants to adhere to the intervention protocol for safety
management. Data were collected at the baseline before regular walking intervention (T0) and
post-intervention at 8 weeks (T1) to investigate the effects of the regular walking interventions.

2.4.3. Measurements of Electrolyzed Water and Walking Group

Participants in the combined alkaline electrolyzed water and regular walking group were instructed
to consume 2 L/day of supplemented alkaline electrolyzed water at pH 9.5 and to walk for at least
30 min five times/week or 150 min/week for 8 weeks. Research assistants controlled the frequency
and duration of regular walking and alkaline electrolyzed water consumption reports 3 days/week
and encouraged participants to adhere to the intervention protocol for safety management. Data were
collected at the baseline before combined alkaline electrolyzed water and regular walking intervention
(T0) and post-intervention at 8 weeks (T1) to investigate the effects of the combined alkaline electrolyzed
water and regular walking interventions.

2.4.4. Control Group

Control group participants were advised to continue their habitual diet and activity. They were
recommended to not do any additional physical activity or to consume alkaline electrolyzed water
supplementation, and research assistants controlled the control group participants’ daily activity and
diet consumption 3 days/week and encouraged them to continue their habitual diet and activities for
safety management. Data were collected at the baseline (T0) and post-intervention at 8 weeks (T1) to
investigate the effects of habitual diet and activity.
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2.5. Instruments and Measurements

Research assistants collected data using a questionnaire containing questions concerning
participants’ demographic characteristics collected at the baseline, and included participant’s age,
diabetes duration, gender, marital status, income, educational level and smoking status. Furthermore,
factors including dietary habits, depression, anxiety and stress, that may influence oxidative stress,
inflammatory markers and QoL, were also collected. This study measured the relevant biochemical
features of T2DM, including AGEs, AOPPs, MDA, NLR, WBC and FBG.

2.5.1. Measurements of Oxidative Stress and Inflammatory Markers

Participants were invited to participate in each clinical measurement session after 12 h of fasting.
All venipuncture was performed by trained phlebotomists. All biochemical analysts and trained
phlebotomists were blinded to the treatment group. Concentrations of AGEs [33], AOPPs [6] and
MDA [34] were determined using enzyme-linked immunosorbent assays (ELISA; Bioassay Technology
Laboratory, Shanghai, China) according to the manufacturer′s instructions, and the optical density was
analyzed using an automated iMarkTM Microplate Absorbance Reader 1,681,130 (Bio-Rad, Hercules,
CA, USA) at 450 nm at the Institute of Tropical Diseases, an International Research Center at the
University of Airlangga (ISO 17025:2008 certified). According to the manufacturer’s instructions,
the detection ranges of AGEs, AOPPs and MDA were 10~4000 ng/L, 0.1~40 ng/mL and 0.2~70 nmol/mL,
respectively. The inter-assay and intra-assay coefficients of variation were <8% and <10%, respectively.
The NLR and WBCs were measured using a fasting blood sample (3 mL) that was withdrawn from
the antecubital vein. NLR was determined by dividing the absolute blood neutrophil count by the
absolute lymphocyte count. The blood was mixed with dipotassium ethylenediaminetetraacetic acid
(1.5~2.2 mg/mL). FBG, NLR and WBCs were analyzed using an automated XP-100 hematology cell
counter (Sysmex, Kobe, Japan) in a private laboratory (ISO 14001: 2015 and 9001:2015 certified).

2.5.2. Measurements of Quality of Life

The 36-Item Short Form Survey (SF-36) is one of the most widely used instruments to
measure self-reported QoL [35]. In addition, the SF-36 is widely used in diabetes research [5,35].
The Indonesian-translated version of the SF-36 questionnaire had a test–retest reliability of r = 0.626–1
and had good internal consistency, with a Cronbach’s alpha of 0.789 [36]. The SF-36 encompasses
eight subscales: role limitation (emotional), vitality, mental health, social functioning, general health,
physical functioning, role limitation (physical) and bodily pain. These eight scales can be classified into
three main domains, namely total QoL, a mental component score (MCS) and a physical component
score (PCS). The MCS is the sum of the scores of role limitation (emotional), vitality, mental health
and social functioning. The PCS is the sum of the scores of general health, physical functioning,
role limitation (physical) and bodily pain. The total QoL is the sum of the mental and physical
component scores. The total QoL, mental component score and physical component score range 0~100,
with higher scores indicating a higher QoL [35].

2.5.3. Measurements by a Food Frequency Questionnaire

To determine the behavioral dietary intake, 25 items of a self-reported food frequency questionnaire
(FFQ) were used. Subjects were asked to report their average frequency intake of each food group,
which has four options of more than once per day, one to six times per week, one to three times per
month, and never. Moreover, we used the rank-determined dietary score (e.g., score 4: > once/day;
score 3: 1–6 times/week; score 2: 1–3 times/month; score 1: never). The FFQ was established to have
good performance validity with a content validity index of 0.75 [37], and was previously used in T2DM
participants in Indonesia [38]. Moreover, we divided the cutoff values into two levels for each main
content: carbohydrates (<17 and ≥17), protein (<18 and ≥18), fat (<20 and ≥20), fast foods (<9 and ≥9)
and fiber (≥2 and <2).
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2.5.4. Measurements of Depression, Anxiety and Stress

We measured levels of depression, anxiety and stress using Depression, Anxiety and Stress
Scale-21 (DASS-21) items [39]. Cronbach’s α values for the Indonesian version were 0.87, 0.85 and 0.72
for the depression, anxiety and stress subscales, respectively [40]. We divided DASS-21 scores into
categorical data for anxiety (yes = score ≥ 8, no = score < 8), stress (yes = score ≥ 15, no = score <15),
and depression (yes = score ≥ 10, no = score < 10).

2.5.5. Measurements of Incidence of Adverse Events

The safety of the method of four parallel intervention groups was assessed by the incidence
of adverse events during the trial study period. The potential adverse events included fatigue and
increased urine production. These were self-recorded by participants and monitored by physicians once
a week, as well as being well-documented by clinical nurses. In the event of a side-effect, the physician
and investigators should immediately discontinue the intervention and intervene.

2.6. Study Fidelity

Study fidelity was established through meetings between investigators, clinical nurses,
research assistants, research fellows and physicians to review the procedures, confirm competency
measurement and equalize perceptions in the conducting of the research.

2.7. Statistical Analysis

Statistical analyses were performed using SPSS 25.0 (Chicago, IL, USA), with a p value of <0.05
considered statistically significant. Continuous and categorical data were reported using descriptive
statistics of the mean (standard deviation (SD)) and n (%), respectively. Chi-squared and one-way
analysis of variance (ANOVA) tests were respectively used to compare sociodemographic and baseline
outcomes among the four groups. Generalized estimating equation models (GEE) with appropriate
link functions and distribution assumptions were used to compare differential changes in outcomes
across time and between groups. The models were adjusted for potential covariates including stress,
anxiety and depression levels, and carbohydrate, protein, fat, fast food and fiber consumption scores.
Missing data due to loss to follow-up (n = 1) were assumed to be missing at random, and data were
analyzed following the intention-to-treat basis.

3. Results

Overall, 81 individuals with T2DM were randomized to AEW intervention (n = 20), regular walking
intervention (n = 20), combined AEW and regular walking intervention (n = 20), and control group
intervention (n = 21). The overall compliance of patients to the AEW and regular walking intervention
was optimal. However, one control arm participant (1.24%) was lost to follow-up (contact lost)
at 8 weeks, and no harms or unintended effects were measured in each group available for the
intention-to-treat analysis. No statistically significant differences were noted in sociodemographic or
clinical characteristics, including age, diabetes duration, gender, marital status, income, education,
smoking status, physical activity, stress level, anxiety level, depression level or consumption of
carbohydrates, protein, fat, fast food and fiber among the four groups (Table 1).
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Table 1. Comparisons of participants’ sociodemographic and clinical data among the four groups
(n = 81).

Sociodemographic and
Clinical Data

AEW Group
(n = 20), n (%)

Walking Group
(n = 20), n (%)

AEW and Walking
Group (n = 20), n (%)

Control Group
(n = 21), n (%) p Value (x2) a

Age (years), (mean, SD) 57.50 (5.48) 54.70 (4.87) 56.15 (4.96) 55.71 (4.97) 0.359 (1.089) b

Diabetes duration (years),
(mean, SD) 4.30 (1.87) 4.25 (1.62) 4.20 (1.51) 4.19 (1.54) 0.996 (0.019) b

Gender
Female 11 (55.0) 13 (65.0) 13 (65.0) 13 (61.9) 0.904 (0.565)
Male 9 (45.0) 7 (35.0) 7 (35.0) 8 (38.1)

Marital status
Married 11 (55.0) 9 (45.0) 11 (55.0) 13 (61.9) 0.754 (1.194)

Non-married 9 (45.0) 11 (55.0) 9 (45.0) 8 (38.1)

Income (IDR)
Low income 8 (40.0) 10 (50.0) 10 (50.0) 12 (57.1) 0.749 (1.216)
High income 12 (60.0) 10 (50.0) 10 (50.0) 9 (42.9)

Education
ISCED < 3 9 (45.0) 8 (40.0) 9 (45.0) 12 (57.1) 0.723 (1.325)
ISCED ≥ 3 11 (55.0) 12 (60.0) 11 (55.0) 9 (42.9)

Smoking status
Smoker 7 (35.0) 5 (25.0) 6 (30.0) 7 (33.3) 0.961 (1.484)

Secondhand smoking 7 (35.0) 9 (45.0) 10 (50.0) 9 (42.9)
Non-smoker 6 (30.0) 6 (30.0) 4 (20.0) 5 (23.8)

DASS-21 stress
Yes (≥15 score) 12 (60.0) 12 (60.0) 11 (55.0) 12 (57.1) 0.986 (0.146)
No (<15 score) 8 (40.0) 8 (40.0) 9 (45.0) 9 (42.9)

DASS-21 anxiety
Yes (≥8 score) 11 (55.0) 11 (55.0) 11 (55.0) 12 (57.1) 0.999 (0.029)
No (<8 score) 9 (45.0) 9 (45.0) 9 (45.0) 9 (42.9)

DASS-21 depression
Yes (≥10 score) 12 (60.0) 10 (50.0) 11 (55.0) 12 (57.1) 0.933 (0.434)
No (<10 score) 8 (40.0) 10 (50.0) 9 (45.0) 9 (42.9)

Carbohydrate
consumption score

<17 10 (50.0) 9 (45.0) 9 (45.0) 12 (57.1) 0.846 (0.816)
≥17 10 (50.0) 11 (55.0) 11 (55.0) 9 (42.9)

Protein consumption score
<18 10 (50.0) 8 (40.0) 8 (40.0) 11 (52.4) 0.789 (1.051)
≥18 10 (50.0) 12 (60.0) 12 (60.0) 10 (47.6)

Fat consumption score
<20 10 (50.0) 9 (45.0) 9 (45.0) 10 (47.6) 0.987 (0.140)
≥20 10 (50.0) 11 (55.0) 11 (55.0) 11 (52.4)

Fast food consumption
score
<9 12 (60.0) 8 (40.0) 7 (35.0) 12 (57.1) 0.293 (3.723)
≥ 9 8 (40.0) 12 (60.0) 13 (65.0) 9 (42.9)

Fiber consumption score
≥2 9 (45.0) 7 (35.0) 8 (40.0) 12 (57.1) 0.521 (2.256)
<2 11 (55.0) 13 (65.0) 12 (60.0) 9 (42.9)

Note—n: number, AEW: alkaline electrolyzed water, SD: standard deviation, IDR: Indonesian rupiah rate, ISCED:
international standard classification of education, DASS-21: Depression, Anxiety, and Stress Scale—21 items.
a Chi-square statistics, with the x2-value in the bracket behind p-value. b Analysis of variance, with the F-value in
the bracket behind p-value.

Moreover, Table 2 demonstrates that there were no significant differences in the baseline outcomes
of AGEs, AOPP, MDA, blood glucose, the NLR, WBCs or QoL, including the mental component,
physical component, and total QoL scores among the four groups (Table 2).

The univariate analysis of the primary outcome evaluation is presented in Table 3. Participants in
the control group had increased levels of AGEs, AOPPs, MDA and WBCs, as well as a higher NLR,
after 8 weeks of the study, but no significant changes in blood glucose. In the AEW, regular walking
and combined AEW and walking groups there were significant reductions in AGEs, AOPPs, MDA,
blood glucose and WBCs, as well as a lower NRL after the 8-week intervention (Table 3).
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Table 2. Baseline values of participants’ oxidative stress, inflammatory biomarkers and quality of life
among the four groups (n = 81).

Sociodemographic
and Clinical Data

AEW Group
(n = 20), Mean (SD)

Walking Group
(n = 20), Mean (SD)

AEW and
Walking Group

(n = 20), Mean (SD)

Control Group
(n = 21), Mean (SD) p Value (F) a

AOPPs (ng/mL) 0.38 (0.57) 0.35 (0.43) 0.53 (0.70) 0.44 (0.65) 0.794 (0.343)

AGEs (ng/L) 0.35 (0.54) 0.27 (0.32) 0.46 (0.59) 0.39 (0.58) 0.715 (0.454)

MDA (nmol/mL) 0.77 (0.42) 0.85 (0.69) 0.97 (0.67) 0.96 (0.62) 0.691 (0.489)

FBG (mg/dl) 298.95 (48.84) 303.95 (67.95) 324.60 (59.63) 287.24 (80.43) 0.331 (1.159)

WBCs (103/µL) 7.92 (0.51) 8.19 (0.44) 8.48 (0.93) 8.19 (1.16) 0.199 (1.589)

NLR 2.63 (0.22) 2.55 (0.18) 2.61 (0.22) 2.62 (0.23) 0.691 (0.488)

SF36-PCS 45.16 (6.34) 45.16 (6.34) 44.94 (6.82) 43.99 (5.75) 0.922 (0.161)

SF36-MCS 46.52 (8.12) 47.50 (9.01) 46.43 (6.67) 46.66 (8.99) 0.976 (0.070)

SF36-Total QoL 45.84 (6.22) 46.33 (6.63) 45.69 (4.64) 45.33 (5.20) 0.955 (0.107)

Note—n: number, SD: standard deviation, AEW: alkaline electrolyzed water, AOPPs: advanced oxidation protein
products, AGEs: advanced glycation end products, MDA: malondialdehyde, FBG: fasting blood glucose, WBCs:
white blood cells, NLR: neutrophil-lymphocyte ratio, SF-36: Short Form 36, PCS: Physical component score, MCS:
mental component score, QoL: quality of life. a Analysis of variance, with the F-value in the bracket behind p-value
of <0.01.

In the walking group, after 8 weeks of the intervention, significant increases in QoL scores
from before to after the intervention, with 95% confidence intervals (CIs), were detected, as follows:
physical component score = 15.656 (12.966~18.346); mental component score = 13.869 (10.397~17.341);
total QoL = 14.763 (12.364~17.163). The physical component and total QoL scores significantly increased
in the AEW group (11.938 (9.687~14.118) and 6.315 (5.108~7.523) respectively), but no changes occurred
in the mental component score (0.694 (−0.090~1.447)). Moreover after 8 weeks of the intervention,
the combined AEW water and regular walking group saw significant increases in the physical
component, mental component and total QoL scores of 22.750 (20.242~25.258), 27.113 (24.089~30.163),
and 24.933 (23.090~26.776), respectively. In contrast, the control group showed no changes in the
physical component, mental component or total QoL scores (Table 4).

The intervention effects on biomarkers and QoL after the 8-week intervention are shown in
Tables 5 and 6. There were significant within-time-induced differences in AGEs, MDA, the NLR and
WBCs before and after the 8-week intervention, but no significant within-time-induced differences
in AOPPs, blood glucose or QoL parameters before or after the 8 weeks. Moreover, there were no
differences in any biomarkers and QoL parameters between each intervention group and the control
group at the baseline. After full adjustment, the significance of the interaction group x time analysis for
all biomarkers revealed that participants in the AEW group exhibited significant reductions in AOPPs
(ß = −0.185; 95% CI = −0.302~−0.068), AGEs (ß = −0.298; 95% CI = −0.433~−0.163), MDA (ß = −0.566;
95% CI = −0.691~−0.440), blood glucose (ß = −54.583; 95% CI = −96.085~−13.080), the NLR (ß = −1.666;
95% CI = −1.771~−1.560) and WBCs (ß = −2.406; 95% CI = −2.687~−2.125), but increased in SF36-PCS
(ß = 14.034; 95% CI = 10.727~17.342) and SF36-total QoL scores (ß = 6.828; 95% CI = 4.099~9.557) after
the 8-week intervention compared to the control group. Besides, participants in the regular walking
group had significant declines in AOPPs (ß = −0.184; 95% CI = −0.313~−0.055), AGEs (ß = −0.304; 95%
CI = −0.445~−0.163), MDA (ß = −0.579; 95% CI = −0.727~−0.431), blood glucose (ß = −49.680; 95% CI
= −92.196~−13.080), the NLR (ß = −1.623; 95% CI = −1.713~−1.533) and WBCs (ß = −2.020; 95% CI =

−2.289~−1.752), but increased in SF36-PCS (ß = 18.017; 95% CI = 14.170~21.865), SF36-MCS (ß = 13.360;
95% CI = 7.522~19.198) and SF36-total QoL scores (ß = 15.689; 95% CI = 11.964~19.414) after the 8-week
intervention compared to the control group. Moreover, compared to the control group, participants in
the combined AEW with regular walking group also had significant reductions in AOPPs (ß = −0.264;
95% CI = −0.454~0.074), AGEs (ß = −0.364; 95% CI = −0.546~−0.182), MDA (ß = −0.716; 95% CI =

−0.909~−0.524), blood glucose (ß = −57.223; 95% CI = −99.111~−7.163), the NLR (ß = −1.798; 95% CI =

−1.897~−1.897) and WBCs (ß = −2.833; 95% CI = −3.119~−2.547), but higher SF36-PCS (ß = 24.483;
95% CI = 20.881~28.805), SF36-MCS (ß = 25.649; 95% CI = 20.310~30.988) and SF36-total QoL scores (ß
= 25.068; 95% CI = 21.961~28.175) after the 8-week intervention (Tables 5 and 6).
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Table 3. Oxidative stress and inflammatory biomarkers before and after the intervention in participants with type 2 diabetes mellitus (n = 81).

Variables
AEW Group (n = 20), Mean (SD) Walking Group (n = 20), mean (SD) AEW and Walking Group (n = 20), Mean (SD) Control Group (n = 21), Mean (SD)

Baseline 8-Week Diff (95% CI),
p Value Baseline 8-Week Diff (95% CI),

p Value Baseline 8-Week Diff (95% CI),
p Value Baseline 8-Week Diff (95% CI),

p Value

AOPPs
(ng/mL)

0.38
(0.57)

0.28
(0.47)

−0.101
(−0.151~−0.045) **

0.35
(0.43)

0.26
(0.32)

−0.089
(−0.145~−0.322) **

0.53
(0.70)

0.30
(0.42)

−0.225
(−0.369~−0.080) **

0.44
(0.65)

0.54
(0.67)

0.83
(0.001~0.165) *

AGEs
(ng/L)

0.35
(0.54)

0.27
(0.47)

−0.077
(−0.121~−0.029) **

0.27
(0.32)

0.20
(0.26)

−0.072
(−0.110~−0.034) **

0.46
(0.59)

0.28
(0.37)

−0.180
(−0.287~−0.073) **

0.39
(0.58)

0.60
(0.80)

0.218
(0.101~0.335) **

MDA
(nmol/mL)

0.77
(0.42)

0.46
(0.41)

−0.312
(−0.352~−0.272) **

0.85
(0.69)

0.53
(0.58)

−0.321
(−0.386~−0.256) **

0.97
(0.67)

0.47
(0.45)

−0.499
(−0.628~−0.370) **

0.96
(0.62)

1.21
(0.75)

0.253
(0.154~0.351) **

FBG
(mg/dl)

298.95
(48.84)

278.00
(49.03)

−20.950
(−24.470~−17.430) **

303.95
(67.95)

288.00
(67.70)

−15.950
(−16.637~−15.263) **

324.60
(59.63)

297.85
(58.89)

−26.750
(−27.697~−25.803) **

287.24
(80.43)

331.19
(124.16)

43.952
(−5.688~93.592)

WBCs
(103/µL)

7.92
(0.51)

5.70
(0.51)

−2.220
(−2.473~−1.966) **

8.19
(0.44)

6.34
(0.55)

−1.855
(−2.064~−1.645) **

8.48
(0.93)

5.86
(0.78)

−2.620
(−2.832~−2.407) **

8.19
(1.16)

8.42
(1.12)

0.233
(0.121~0.346) **

NLR 2.63
(0.22)

1.39
(0.29)

−1.235
(−1.297~−1.173) **

2.55
(0.18)

1.36
(0.18)

−1.193
(−1.200~−1.186) **

2.61
(0.22)

1.21
(0.16)

−1.392
(−1.437~−1.347) **

2.62
(0.23)

3.09
(0.30)

0.471
(0.329~0.612) **

Note—n: number, SD: standard deviation, Diff: difference between after and before, CI: confidence interval, AEW: alkaline electrolyzed water, AOPPs: advanced oxidation protein
products, AGEs: advanced glycation end products, MDA: malondialdehyde, FBG: fasting blood glucose, WBCs: white blood cells, NLR: neutrophil-lymphocyte ratio. One-way analysis of
variance (ANOVA) with * p < 0.05; ** p < 0.001.

Table 4. Quality of life before and after the intervention in participants with T2DM (n = 81).

Variables
AEW Group (n = 20), Mean (SD) Walking Group (n = 20), Mean (SD) AEW and Walking Group (n = 20),

Mean (SD) Control Group (n = 21), mean (SD)

Baseline 8-Week Diff (95% CI),
p Value Baseline 8-Week Diff (95% CI),

p Value Baseline 8-Week Diff (95% CI),
p Value Baseline 8-Week Diff (95% CI),

p Value

SF36- PCS 45.16
(6.34)

57.09
(4.84)

11.938
(9.687~14.188) **

45.16
(6.34)

60.81
(3.24)

15.656
(12.966~18.346) **

44.94
(6.82)

67.69
(3.10)

22.750
(20.242~25.258) **

43.99
(5.75)

42.11
(6.57)

−1.875
(−4.107~0.357)

SF36- MCS 46.52
(8.12)

47.21
(7.89)

0.694
(−0.090~1.447)

47.50
(9.01)

61.37
(12.53)

13.869
(10.397~17.341) **

46.43
(6.67)

73.54
(5.81)

27.113
(24.089~30.136) **

46.66
(8.99)

47.84
(12.51)

1.183
(−2.602~4.967)

SF36-Total QoL 45.84
(6.22)

52.16
(5.38)

6.315
(5.108~7.523) **

46.33
(6.63)

61.09
(7.15)

14.763
(12.364~17.163) **

45.69
(4.64)

70.62
(3.25)

24.933
(23.090~26.776) **

45.33
(5.20)

44.98
(8.33) −0.346(−2.602~1.909)

Note—n: number participants, SD: standard deviation, Diff: difference between after and before, CI: confidence interval, AEW: alkaline electrolyzed water, SF-36: Short Form 36,
PCS: physical component score, MCS: mental component score, QoL: quality of life. One-way analysis of variance (ANOVA) with ** p < 0.001.
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Table 5. Evaluation of the intervention on T2DM-associated inflammatory biomarkers based on a general estimating equation analysis (n = 81).

Variable
Within-time

Ref: Baseline ß
(95% CI), p Value

Between Group Interaction Group
(AEW) × Time, Ref: (CG)
× Time ß (95% CI),

p Value

Interaction Group
(Walking) × Time, Ref:

(CG) × Time ß (95% CI),
p Value

Interaction Group
(both AEW and Walking)
× Time, Ref: (CG) ×

Time ß (95% CI), p Value
AEW vs. CG

ß (95% CI), p Value
Walking vs. CG

ß (95% CI), p Value
AWE and Walking vs. CG

ß (95% CI), p Value

AOPPs
(ng/mL)

0.081
(−0.020~0.182)

−0.017
(−0.392~0.359)

−0.151
(−0.482~0.181)

0.020
(−0.355~0.395)

−0.185
(−0.302~−0.068) *

−0.184
(−0.313~−0.055) *

−0.264
(−0.454~0.074) *

AGEs (ng/L) 0.214
(0.094~0.333) **

0.006
(−0.338~0.350)

−0.157
(−0.444~0.130)

0.028
(−0.305~0.362)

−0.298
(−0.433~−0.163) **

−0.304
(−0.445~−0.163) **

−0.364
(−0.546~−0.182) **

MDA
(nmol/mL)

0.253
(0.144~0.362) **

−0.138
(−0.467~0.191)

−0.152
(−0.524~0.220)

−0.040
(−0.400~0.321)

−0.566
(−0.691~−0.440) **

−0.579
(−0.727~−0.431) **

−0.716
(−0.909~−0.524) **

FBG (mg/dl) 36.878
(−2.639~76.396)

10.640
(−15.734~37.013)

3.200
(−21.894~28.294)

20.499
(−10.877~51.874)

−54.583
(−96.085~−13.080) *

−49.680
(−92.196~−13.080) *

−57.223
(−99.111~−7.163) *

WBCs (103/µL)
0.234

(0.098~0.369) **
−0.395

(−0.977~0.187)
−0.032

(−0.601~0.538)
0.269

(−0.404~0.941)
−2.406

(−2.687~−2.125) **
−2.020

(−2.289~−1.752) **
−2.833

(−3.119~−2.547) **

NLR 0.440
(0.353~0.526) **

0.025
(−0.101~0.152)

−0.091
(−0.221~0.039)

−0.034
(−0.163~0.095)

−1.666
(−1.771~−1.560) **

−1.623
(−1.713~−1.533) **

−1.798
(−1.897~−1.897) **

Note—n: number of participants, ß: regression coefficient, CI: confidence interval, AEW: alkaline electrolyzed water, CG: control group, AOPPs: advanced oxidation protein products,
AGEs: advanced glycation end products, MDA: malondialdehyde, FBG: fasting blood glucose, WBCs: white blood cells, NLR: neutrophil-lymphocyte ratio. ß values and 95% CIs were
estimated using generalized estimating equations after adjusting for stress, anxiety and depression levels, and carbohydrate, protein, fat, fast food and fiber consumption scores with
* p < 0.05; ** p < 0.001.

Table 6. Evaluation of the intervention on the quality of life in participants with T2DM based on general estimating equation analysis (n = 81).

Variable
Within-Time

Ref: Baseline ß
(95% CI), p Value

Between Group Interaction Group
(AEW) × Time, Ref: (CG) ×

Time ß (95% CI), p Value

Interaction Group
(Walking) × Time, Ref: (CG)
× Time ß (95% CI), p Value

Interaction Group
(both AEW & walking) ×
Time, Ref: (CG) × Time

ß (95% CI), p Value
AEW vs. CGß

(95% CI), p Value
Walking vs. CGß
(95% CI), p Value

Both vs. CGß
(95% CI), p Value

SF36- PCS −1.794
(−4.301~0.714)

1.366
(−2.335~5.068)

0.908
(−2.892~4.708)

0.670
(−3.174~4.514)

14.034
(10.727~17.342) **

18.017
(14.170~21.865) **

24.483
(20.881~28.085) **

SF36- MCS 1.753
(−2.526~6.032)

0.505
(−4.082~5.092)

1.604
(−3.428~6.637)

0.782
(−3.969~5.533)

−0.378
(−4.846~4.089)

13.360
(7.522~19.198) **

25.649
(20.310~30.988) **

SF36-Total QoL −0.021
(−2.463~2.422)

0.936
(−2.223~2.422)

1.257
(−2.225~4.738)

0.727
(−2.332~3.786)

6.828
(4.099~9.557) **

15.689
(11.964~19.414) **

25.068
(21.961~28.175) **

Note: n: number of participants, ß: regression coefficient, CI: confidence interval, AEW: alkaline electrolyzed water, CG: control group, SF−36: Short Form 36, PCS: Physical component
score, MCS: Mental component score, QoL: quality of life. ß values and 95% CIs were estimated using generalized estimating equations after adjusting for stress, anxiety, and depression
levels, and carbohydrate, protein, fat, fast food and fiber consumption scores with ** p < 0.001.
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4. Discussion

To our knowledge, this is the first community-based randomized control trial study to explore
the effects of regular walking and consumption of AEW on oxidative stress, inflammatory markers
and QoL among patients with T2DM. Community-based health programs are practical and relatively
low-resource, often requiring lifestyle-changing educational programs. Previous studies suggested that
community-based RCT can diagnose as well as monitor how well diabetes is controlled and improve
community health habits, which ultimately reinforces the high priority given to the translation of
research into new practices [41].

These results extend our understanding that T2DM participants who regularly walked for a
duration of 30 min at least 5 times/week, or spent 150 min/week regularly walking for 8 weeks,
exhibited significantly reduced WBCs, NLR, FBG, MDA, AGEs and AOPPs. Our study was consistent
with a prospective cohort study, which indicated that low/moderate-intensity physical activity such as
walking was inversely associated with WBC counts, especially for patients with moderate to vigorous
physical activity [42]. Additionally, physical activity of three or more times/week decreased the NLR
by 0.07-fold compared to physical inactivity [14]. Engaging in 30 min of moderate-intensity walking
contributed to strengthening their antioxidant defenses by increasing their antioxidant enzymes by
13% [43]. Additionally, an animal study [13] investigated the effect of low physical activity with
regular walking on a treadmill once a day for four consecutive weeks on oxidative stress in cardiac
tissues in rats with streptozotocin-induced diabetes, and their main finding was that regular walking
on a treadmill decreased cardiac oxidative stress, as shown by lower levels of MDA. We also found
that regular walking by diabetic patients significantly decreased MDA levels. Moreover, our results
are consistent with prior research [44,45], which recommends that regular and moderate-intensity
physical exercise is able to control glycemia and maintain blood pressure, thus reducing complication
risks, by preventing pathophysiological mechanisms at different levels, including lowering oxidative
stress and inflammation levels, which are major features of diabetes. However, very few studies have
focused on investigating the effects of regular walking on the formation of AGEs [12] and AOPPs [11]
in patients with T2DM. It can be assumed that regular walking will reduce the levels of AGEs and
AOPPs, which as we know are caused by hyperglycemia [46]. Therefore, improvements in glycemic
control in T2DM patients with physical activity are linked to a reduction in peripheral resistance to
insulin [47]. This condition could lead to the attenuation of the formation and accumulation of AGEs
and AOPPs. Moreover, we revealed that a regular walking intervention is a possible treatment to
help T2DM patients in terms of improving their QoL. Our findings were in agreement with a previous
study which showed that physical activity was the strongest predictor of the mental component score
and physical component score, after adjusting for the body-mass index, age and sex among patients
with T2DM [48]. Our study suggested that regular walking for at least 30 min each time and five
times/week may promote a healthy lifestyle for controlling inflammatory markers and oxidative stress,
as well as improving the QoL, which is particularly needed among Indonesians who are usually
physically inactive.

In the present study, we found that the AEW group had lower oxidative stress and inflammatory
markers after an 8-week intervention compared to the control group. The antioxidant, anti-obesity
and antidiabetic effects of AEW were reported in previous studies [49]. The protective mechanism of
AEW is attributed to its active atomic hydrogen that has a high reducing ability, can contribute
to ROS-scavenging activity, and may participate in redox reactions, thus increasing levels of
antioxidants [21]. Active atomic hydrogen is produced at the cathode during the electrolysis of
water, resulting in molecular hydrogen and hydroxide ions. This condition illustrates the high
power of hydrogen to make water more alkaline, and AEW has extremely high dissolved molecular
hydrogen properties [18]. Hydrogen can rapidly diffuse across cell membranes, and this may provide
powerful protection against oxidative stress through its ability to bind with hydroxyl radicals [50].
In addition, inflammation is a process known to be closely linked with oxidative stress, and several
studies addressed the potential anti-inflammatory effects of hydrogen. Hydrogen treatment can
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reduce the interleukin-6 and tumor necrosis factor, as well as other proinflammatory molecules such
as interleukin-12 and interferon gamma [51]. In our study, we used easy-to-detect and inexpensive
inflammatory markers in humans, and our results showed that AEW could reduce WBCs and the
NLR after 8 weeks of treatment compared to the control group. These results confirm the potential
anti-inflammatory effect of AEW in humans. In terms of AOPPs, AGEs and MDA, our study found that
after 8 weeks of treatment, AEW had significantly reduced levels of AOPPs, AGEs and MDA. This may
be attributable to the potential effect of AEW of decreasing blood glucose in T2DM [52]. Additionally,
our study also showed that the physical component score and total QoL of people consuming AEW for
an 8-week period increased compared to the control group. Previous studies reported that ingesting
AEW containing hydrogen, which is considered an antioxidant substance, may reduce oxidative stress,
thus allowing for improved sleep quality. Therefore, good-quality sleep can lead to better physical
activity by helping to reduce fatigue, ensure the recovery of endurance, and improve overall physical
performance [53], which may produce better total QoL and physical component scores.

Additionally, our study demonstrated that participants in the combined regular walking and
AEW intervention groups exhibited synergistic amelioration of FBG, AOPPs, AGEs, MDA, NLR and
WBCs compared to a control group after an 8-week intervention. The possible mechanism for this
synergistic effect might be the effects on antioxidants. Those findings are similar to the results of this
study, which determined that antioxidative stress rose in those who consumed AEW. Importantly,
Weidman et al. [54] stated that the consumption of AEW may exert positive effects by increasing
antioxidant defense and reducing the basal production of oxidants after exercise training. Moreover,
it was found that AEW has beneficial effects on exercise due to its free radical-scavenging properties,
thereby enabling the maintenance of muscle performance and redox homeostasis during consecutive
days of exercise [29]. Furthermore, a previous randomized and double-blind study reported that AEW
significantly restored rehydration and reduced high-shear blood viscosity by an average of 6.30% during
a 2 h recovery period, compared to standard mineral water. Thus, blood viscosity disruption promotes
higher oxidative stress in which ROS can accumulate, which are capable of producing their own free
radicals [54]. Our findings also support our secondary hypothesis that the combined AEW and regular
walking group was significantly associated with a higher QoL as assessed by SF-36 scores, including
PCS, MCS and total QoL scores, which indicates a good performance in the areas of physical and
mental condition. This highlights that antioxidants together with physical activity may have positive
effects on reducing clinical damage due to decreased blood glucose, inflammation and oxidative stress,
and diminishing the development of complications induced by oxidative stress. These conditions lead
to better glycemic control in patients with T2DM [3]. On the other hand, management of hyperglycemia
can delay or prevent complications and optimize the QoL [31]. This mechanism might provide
convincing insights into pathways that influence both mental and physical QoL in patients with T2DM.

Our study had some limitations that must be considered. First, although it is essential to determine
the immediate effects after an 8-week intervention, evaluation of the long-term follow-up is also
necessary. Second, walking speed was not recorded, and this could have induced an underestimation
of the effect of the regular walking intervention on outcomes. Third, we did not measure the
pharmacokinetics of AEW in the gastrointestinal region of the subjects. Therefore, future research
should investigate the molecular mechanisms of hydrogen at the physiological level, such as the
gastrointestinal region. Fourth, the present study was not able to measure HbA1c due to the higher cost
and longer time required to detect (>3 months), and did not include dietary management intervention,
which may influence our findings. Lastly, all enrolled participants were of the Javanese ethnicity;
consequently, the generalizability of our result may be limited.

5. Conclusions

In conclusion, our findings revealed that regular walking and the drinking of AEW,
both independently and synergistically, reduced FBG, AGEs, AOPPs, MDA, WBCs and the NLR,
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as well as promoting the QoL of patients with T2DM over 8 weeks, so it is a feasible treatment in
advanced T2DM.
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between neutrophil-lymphocyte ratio and microvascular complications in geriatric diabetic patients?
J. Endocrinol. Investig. 2013, 36, 593–599. [CrossRef]

10. Kang, D.H.; Rice, M.; Park, N.J.; Turner-Henson, A.; Downs, C. Stress and inflammation: A biobehavioral
approach for nursing research. West. J. Nurs. Res. 2010, 32, 730–760. [CrossRef]

11. Dinçer, Ş.; Altan, M.; Terzioğlu, D.; Uslu, E.; Karşidağ, K.; Batu, Ş.; Metin, G. Effects of a regular exercise
program on biochemical parameters of type 2 diabetes mellitus patients. J. Sports Med. Phys. Fit. 2016,
56, 1384–1391.

12. Magalhães, P.M.; Appell, H.; Duarte, J.A. Involvement of advanced glycation end products in the pathogenesis
of diabetic complications: The protective role of regular physical activity. Eur. Rev. Aging Phys. Act. 2008,
5, 17–29. [CrossRef]

http://dx.doi.org/10.2337/dc19-S002
http://www.ncbi.nlm.nih.gov/pubmed/30559228
http://dx.doi.org/10.1016/j.dsx.2019.01.040
http://www.ncbi.nlm.nih.gov/pubmed/31336460
http://dx.doi.org/10.1016/j.diabres.2019.107843
http://dx.doi.org/10.1177/1099800420924126
http://www.ncbi.nlm.nih.gov/pubmed/32390456
http://dx.doi.org/10.1016/j.clinbiochem.2012.10.019
http://dx.doi.org/10.1111/cen.12390
http://dx.doi.org/10.1186/1755-7682-5-2
http://dx.doi.org/10.3275/8894
http://dx.doi.org/10.1177/0193945909356556
http://dx.doi.org/10.1007/s11556-008-0032-7


Antioxidants 2020, 9, 946 15 of 17

13. Kanter, M.; Aksu, F.; Takir, M.; Kostek, O.; Kanter, B.; Oymagil, A. Effects of low intensity exercise against
apoptosis and oxidative stress in Streptozotocin-induced diabetic rat heart. Exp. Clin. Endocrinol. Diabetes
2017, 125, 583–591. [CrossRef]

14. Kim, T.J.; Pyo, J.H.; Lee, H.; Baek, S.Y.; Ahn, S.H.; Min, Y.W.; Min, B.H.; Lee, J.H.; Son, H.J.; Rhee, P.L.
Lack of association between helicobacter pylori infection and various markers of systemic inflammation in
asymptomatic adults. Korean J. Gastroenterol. 2018, 72, 21–27. [CrossRef] [PubMed]

15. Lian, X.Q.; Zhao, D.; Zhu, M.; Wang, Z.M.; Gao, W.; Zhao, H.; Zhang, D.G.; Yang, Z.J.; Wang, L.S. The influence
of regular walking at different times of day on blood lipids and inflammatory markers in sedentary patients
with coronary artery disease. Prev. Med. 2014, 58, 64–69. [CrossRef] [PubMed]

16. Pengpid, S.; Peltzer, K. The Prevalence of Underweight, Overweight/Obesity and Their Related Lifestyle
Factors in Indonesia, 2014–2015. AIMS Public Health 2017, 4, 633–649. [CrossRef] [PubMed]

17. Hill, J.O. Walking and Type 2 Diabetes. Diabetes Care 2005, 28, 1524. [CrossRef] [PubMed]
18. Hamasaki, T.; Harada, G.; Nakamichi, N.; Kabayama, S.; Teruya, K.; Fugetsu, B.; Gong, W.; Sakata, I.;

Shirahata, S. Electrochemically reduced water exerts superior reactive oxygen species scavenging activity in
HT1080 cells than the equivalent level of hydrogen-dissolved water. PLoS ONE 2017, 12, e0171192. [CrossRef]

19. Kim, M.J.; Kim, H.K. Anti-diabetic effects of electrolyzed reduced water in streptozotocin-induced and
genetic diabetic mice. Life Sci. 2006, 79, 2288–2292. [CrossRef]

20. Novikasari, S.; Rias, Y.A.; Choriah, N. Effect of Alkaline Water pH 8 Against Fibroblasts and Collagen In Rattus
norvegicus with Wound Conditions Hyperglycemia. In Proceedings of the 3rd AIPNEMA International
Nusing Conference, East Java, Indonesia, 20–21 May 2017.

21. Ogawa, S.; Shimizu, M.; Nako, K.; Okamura, M.; Ohsaki, Y.; Kabayama, S.; Tabata, K.; Tanaka, Y.; Ito, S.
A Clinical Study on the Insulin Resistance Improvement Effects of Electrolyzed Hydrogen Rich Water in
Type 2 Diabetes Patients: A Multicenter Prospective Double-Blind Randomized Control Trial. SSRN 2019.
[CrossRef]

22. Kajiyama, S.; Hasegawa, G.; Asano, M.; Hosoda, H.; Fukui, M.; Nakamura, N.; Kitawaki, J.; Imai, S.;
Nakano, K.; Ohta, M. Supplementation of hydrogen-rich water improves lipid and glucose metabolism
in patients with type 2 diabetes or impaired glucose tolerance. Nutr. Res. 2008, 28, 137–143. [CrossRef]
[PubMed]

23. Li, Y.; Hamasaki, T.; Nakamichi, N.; Kashiwagi, T.; Komatsu, T.; Ye, J.; Teruya, K.; Abe, M.; Yan, H.; Kinjo, T.;
et al. Suppressive effects of electrolyzed reduced water on alloxan-induced apoptosis and type 1 diabetes
mellitus. Cytotechnology 2011, 63, 119–131. [CrossRef] [PubMed]

24. Siswantoro, E.; Purwanto, N.H. Effectiveness of Alkali Water Consumption to Reduce Blood Sugar Levels in
Diabetes Mellitus Type 2. J. Diabetes Mellit. 2017, 7, 249. [CrossRef]

25. LeBaron, T.W.; Singh, R.B.; Fatima, G.; Kartikey, K.; Sharma, J.P.; Ostojic, S.M.; Gvozdjakova, A.; Kura, B.;
Noda, M.; Mojto, V. 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. Targets Ther. 2020, 13, 889. [CrossRef]
[PubMed]

26. Choi, Y.A.; Lee, D.H.; Cho, D.Y.; Lee, Y.J. Outcomes Assessment of Sustainable and Innovatively Simple
Lifestyle Modification at the Workplace-Drinking Electrolyzed-Reduced Water (OASIS-ERW): A Randomized,
Double-Blind, Placebo-Controlled Trial. Antioxidants 2020, 9, 564. [CrossRef] [PubMed]

27. Gadek, Z.; Li, Y.; Shirahata, S. Influence of natural reduced water on relevant tests parameters and reactive
oxygen species concentration in blood of 320 diabetes patients in the prospective observation procedure.
In Animal Cell Technology: Basic & Applied Aspects; Springer: Dordrecht, The Netherlands, 2006; pp. 377–385.
[CrossRef]

28. Kang, K.M.; Kang, Y.N.; Choi, I.B.; Gu, Y.; Kawamura, T.; Toyoda, Y.; Nakao, A. Effects of drinking
hydrogen-rich water on the quality of life of patients treated with radiotherapy for liver tumors. Med. Gas Res.
2011, 1, 11. [CrossRef]

29. Dobashi, S.; Takeuchi, K.; Koyama, K. Hydrogen-rich water suppresses the reduction in blood total antioxidant
capacity induced by 3 consecutive days of severe exercise in physically active males. Med. Gas Res. 2020,
10, 21. [CrossRef]

30. Sung, K.; Bae, S. Effects of a regular walking exercise program on behavioral and biochemical aspects in
elderly people with type II diabetes. Nurs. Health Sci. 2012, 14, 438–445. [CrossRef]

http://dx.doi.org/10.1055/s-0035-1569332
http://dx.doi.org/10.4166/kjg.2018.72.1.21
http://www.ncbi.nlm.nih.gov/pubmed/30049174
http://dx.doi.org/10.1016/j.ypmed.2013.10.020
http://www.ncbi.nlm.nih.gov/pubmed/24201089
http://dx.doi.org/10.3934/publichealth.2017.6.633
http://www.ncbi.nlm.nih.gov/pubmed/30155506
http://dx.doi.org/10.2337/diacare.28.6.1524
http://www.ncbi.nlm.nih.gov/pubmed/15920085
http://dx.doi.org/10.1371/journal.pone.0171192
http://dx.doi.org/10.1016/j.lfs.2006.07.027
http://dx.doi.org/10.2139/ssrn.3350543
http://dx.doi.org/10.1016/j.nutres.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/19083400
http://dx.doi.org/10.1007/s10616-010-9317-6
http://www.ncbi.nlm.nih.gov/pubmed/21063772
http://dx.doi.org/10.4236/jdm.2017.74020
http://dx.doi.org/10.2147/DMSO.S240122
http://www.ncbi.nlm.nih.gov/pubmed/32273740
http://dx.doi.org/10.3390/antiox9070564
http://www.ncbi.nlm.nih.gov/pubmed/32605142
http://dx.doi.org/10.1007/1-4020-4457-7_51
http://dx.doi.org/10.1186/2045-9912-1-11
http://dx.doi.org/10.4103/2045-9912.279979
http://dx.doi.org/10.1111/j.1442-2018.2012.00690.x


Antioxidants 2020, 9, 946 16 of 17

31. Buse, J.B.; Wexler, D.J.; Tsapas, A.; Rossing, P.; Mingrone, G.; Mathieu, C.; D’Alessio, D.A.; Davies, M.J.
2019 update to: Management of hyperglycaemia in type 2 diabetes, 2018. A consensus report by the
American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD).
Diabetologia 2020, 63, 221–228. [CrossRef]

32. Sigal, R.J.; Armstrong, M.J.; Bacon, S.L.; Boulé, N.G.; Dasgupta, K.; Kenny, G.P.; Riddell, M.C. Physical activity
and diabetes. Can. J. Diabetes 2018, 42, S54–S63. [CrossRef]

33. Houjeghani, S.; Kheirouri, S.; Faraji, E.; Jafarabadi, M.A. l-Carnosine supplementation attenuated fasting
glucose, triglycerides, advanced glycation end products, and tumor necrosis factor–α levels in patients with
type 2 diabetes: A double-blind placebo-controlled randomized clinical trial. Nutr. Res. 2018, 49, 96–106.
[CrossRef] [PubMed]

34. Sanaei, M.; Ebrahimi, M.; Banazadeh, Z.; Shafiee, G.; Khatami, F.; Ahadi, Z.; Heshmat, R. Consequences
of AphanizomenonFlos-aqua e (AFA) extract (Stemtech TM) on metabolic profile of patients with type 2
diabetes. J. Diabetes Metab. Disord. 2015, 14, 50. [CrossRef] [PubMed]

35. Hays, R.D.; Morales, L.S. The RAND-36 measure of health-related quality of life. Ann. Med. 2001, 33, 350–357.
[CrossRef] [PubMed]

36. Salim, S.; Yamin, M.; Alwi, I.; Setiati, S. Validity and Reliability of the Indonesian Version of SF-36 Quality of
Life Questionnaire on Patients with Permanent Pacemakers. Acta Med. Indones. 2017, 49, 10–16. [PubMed]

37. Candriasih, P. Estimation of Energy Intake Using Food Frequency Questionnaire (FFQ). Food Record and 24
Hours Food Recall at Primary School Children in Palu, Central Sulawesi. Master’s Thesis, Universitas Gadjah
Mada, Yogyakarta, Indonesia, 2007.

38. Sudargo, T.; Pertiwi, S.; Alexander, R.A.; Siswati, T.; Ernawati, Y. The relationship between fried food
consumption and physical activity with diabetes mellitus in Yogyakarta, Indonesia. Int. J. Community Med.
Public Health 2016, 4, 38–44. [CrossRef]

39. Lovibond, P.F.; Lovibond, S.H. The structure of negative emotional states: Comparison of the Depression
Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories. Behav. Res. Ther. 1995,
33, 335–343. [CrossRef]

40. Oei, T.P.S.; Sawang, S.; Goh, Y.W.; Mukhtar, F. Using the Depression Anxiety Stress Scale 21 (DASS-21) across
cultures. Int. J. Psychol. 2013, 48, 1018–1029. [CrossRef]

41. Shirinzadeh, M.; Afshin-Pour, B.; Angeles, R.; Gaber, J.; Agarwal, G. The effect of community-based programs
on diabetes prevention in low-and middle-income countries: A systematic review and meta-analysis.
Glob. Health 2019, 15, 10. [CrossRef]

42. Loprinzi, P.D.; Ramulu, P.Y. Objectively measured physical activity and inflammatory markers among US
adults with diabetes: Implications for attenuating disease progression. Mayo Clin. Proc. 2013, 88, 942–951.
[CrossRef]

43. Kurban, S.; Mehmetoglu, I.; Yerlikaya, H.F.; Gönen, S.; Erdem, S. Effect of chronic regular exercise on
serum ischemia-modified albumin levels and oxidative stress in type 2 diabetes mellitus. Endocr. Res. 2011,
36, 116–123. [CrossRef]

44. Teixeira-Lemos, E.; Nunes, S.; Teixeira, F.; Reis, F. Regular physical exercise training assists in preventing type
2 diabetes development: Focus on its antioxidant and anti-inflammatory properties. Cardiovasc. Diabetol.
2011, 10, 12. [CrossRef]

45. Handelsman, Y.; Bloomgarden, Z.T.; Grunberger, G.; Umpierrez, G.; Zimmerman, R.S.; Bailey, T.S.; Blonde, L.;
Bray, G.A.; Cohen, A.J.; Dagogo-Jack, S. American Association of Clinical Endocrinologists and American
College of Endocrinology–clinical practice guidelines for developing a diabetes mellitus comprehensive care
plan–2015. Endocr. Pract. 2015, 21, 1–87. [CrossRef]

46. Kalousova, M.; Skrha, J.; Zima, T. Advanced glycation end-products and advanced oxidation protein products
in patients with diabetes mellitus. Physiol. Res. 2002, 51, 597–604. [PubMed]

47. Colberg, S.R.; Sigal, R.J.; Yardley, J.E.; Riddell, M.C.; Dunstan, D.W.; Dempsey, P.C.; Horton, E.S.; Castorino, K.;
Tate, D.F. Physical Activity/Exercise and Diabetes: A Position Statement of the American Diabetes Association.
Diabetes Care 2016, 39, 2065–2079. [CrossRef] [PubMed]

48. Eckert, K. Impact of physical activity and bodyweight on health-related quality of life in people with type 2
diabetes. Diabetes Metab. Syndr. Obes. Targets Ther. 2012, 5, 303. [CrossRef] [PubMed]

http://dx.doi.org/10.1007/s00125-019-05039-w
http://dx.doi.org/10.1016/j.jcjd.2017.10.008
http://dx.doi.org/10.1016/j.nutres.2017.11.003
http://www.ncbi.nlm.nih.gov/pubmed/29420997
http://dx.doi.org/10.1186/s40200-015-0177-7
http://www.ncbi.nlm.nih.gov/pubmed/26131436
http://dx.doi.org/10.3109/07853890109002089
http://www.ncbi.nlm.nih.gov/pubmed/11491194
http://www.ncbi.nlm.nih.gov/pubmed/28450649
http://dx.doi.org/10.18203/2394-6040.ijcmph20164709
http://dx.doi.org/10.1016/0005-7967(94)00075-U
http://dx.doi.org/10.1080/00207594.2012.755535
http://dx.doi.org/10.1186/s12992-019-0451-4
http://dx.doi.org/10.1016/j.mayocp.2013.05.015
http://dx.doi.org/10.3109/07435800.2011.566236
http://dx.doi.org/10.1186/1475-2840-10-12
http://dx.doi.org/10.4158/EP15672.GLSUPPL
http://www.ncbi.nlm.nih.gov/pubmed/12511184
http://dx.doi.org/10.2337/dc16-1728
http://www.ncbi.nlm.nih.gov/pubmed/27926890
http://dx.doi.org/10.2147/DMSO.S34835
http://www.ncbi.nlm.nih.gov/pubmed/22952412


Antioxidants 2020, 9, 946 17 of 17

49. Jackson, K.; Dressler, N.; Ben-Shushan, R.S.; Meerson, A.; LeBaron, T.W.; Tamir, S. Effects of
alkaline-electrolyzed and hydrogen-rich water, in a high-fat-diet nonalcoholic fatty liver disease mouse
model. World J. Gastroenterol. 2018, 24, 5095. [CrossRef] [PubMed]

50. Fujita, R.; Tanaka, Y.; Saihara, Y.; Yamakita, M.; Ando, D.; Koyama, K. Effect of Molecular Hydrogen Saturated
Alkaline Electrolyzed Water on Disuse Muscle Atrophy in Gastrocnemius Muscle. J. Physiol. Anthropol. 2011,
30, 195–201. [CrossRef]

51. Ohta, S. Molecular hydrogen is a novel antioxidant to efficiently reduce oxidative stress with potential for the
improvement of mitochondrial diseases. Biochim. Biophys. Acta Gen. Subj. 2012, 1820, 586–594. [CrossRef]

52. Kamimura, N.; Nishimaki, K.; Ohsawa, I.; Ohta, S. Molecular Hydrogen Improves Obesity and Diabetes by
Inducing Hepatic FGF21 and Stimulating Energy Metabolism in db/db Mice. Obesity 2011, 19, 1396–1403.
[CrossRef] [PubMed]

53. Tanaka, Y.; Saihara, Y.; Izumotani, K.; Nakamura, H. Daily ingestion of alkaline electrolyzed water containing
hydrogen influences human health, including gastrointestinal symptoms. Med. Gas Res. 2018, 8, 160–166.
[CrossRef]

54. Weidman, J.; Holsworth, R.E.; Brossman, B.; Cho, D.J.; Cyr, J.S.; Fridman, G. Effect of electrolyzed high-pH
alkaline water on blood viscosity in healthy adults. J. Int. Soc. Sports Nutr. 2016, 13, 45. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3748/wjg.v24.i45.5095
http://www.ncbi.nlm.nih.gov/pubmed/30568387
http://dx.doi.org/10.2114/jpa2.30.195
http://dx.doi.org/10.1016/j.bbagen.2011.05.006
http://dx.doi.org/10.1038/oby.2011.6
http://www.ncbi.nlm.nih.gov/pubmed/21293445
http://dx.doi.org/10.4103/2045-9912.248267
http://dx.doi.org/10.1186/s12970-016-0153-8
http://www.ncbi.nlm.nih.gov/pubmed/27932937
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Research Ethic and Sample Size 
	Study Design and Setting 
	Randomization and Masking 
	Interventions 
	Alkaline Electrolyzed Water Group 
	Walking Group 
	Measurements of Electrolyzed Water and Walking Group 
	Control Group 

	Instruments and Measurements 
	Measurements of Oxidative Stress and Inflammatory Markers 
	Measurements of Quality of Life 
	Measurements by a Food Frequency Questionnaire 
	Measurements of Depression, Anxiety and Stress 
	Measurements of Incidence of Adverse Events 

	Study Fidelity 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

