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Abstract

Objectives: There are many water types available on the
market. They are widely known in public with health claims.
The questions are, are those claims are scientifically proven
or those are just testimonies from the consumers or over-
claimed by the producers. This study aims to systematically
review evidences on the health effects of alkaline, oxygen-
ated, and demineralized water in comparison with mineral
water among healthy population.
Contents: Data were obtained from databases PubMed,
Cochrane, Scopus, EBSCO, dan Science Direct since January
2000 until July 2022. There were 10 eligible articles, consisted
of two articles on alkaline, four articles on oxygenated, and
four articles on demineralized water, that furtherly being
analyzed.

Summary: Compared to consumption of mineral water,
consumption of alkaline and oxygenated water did not show
any significant difference on gut microbiota, urine pH, blood
parameter, or fitness parameter. While, consumption of
demineralized water in the long term resulted in lower
quality of certain nutrient intake.
Outlook: Recent evidences do not prove any additional
health effects of alkaline, oxygenated, or demineralized
water compared to mineral water. In contrast, demineral-
ized water consumption in the long run was proven to lead
to adverse effect.

Keywords: alkaline water; demineralized water; health
benefit; mineral water; oxygenated water.

Background

Water is the most abundant component in the human body.
Water composed human body in children, adults, and
elderly is ranging from 65 to 75%, 55 to 60%, and 50%
respectively [1]. Since metabolism only produced a small
amount of water, we need to fulfill our water daily
requirements from our daily intake, mostly drinking.
Dehydration, even in the slightest amount, can affect
concentration and cognitive function in children [2–4].
Sufficient amount of water consumption can also lead to
mood, feeling, and calm in a positive way [5]. In the long run,
inadequate water consumption is proven to be influential in
increasing the risk of non-communicable diseases such as
urinary tract infection and kidney stones [6, 7]. Pan et al. and
Muckelbauer et al. reported that water consumption was a
potential protective factor of obesity [8, 9].

Mineralwater, alkalinewater (AW), oxygenwater (OW),
and demineralized water (DW) are types of water that are
widely known among Indonesians. There were many health
benefits claimed by each water company that spread
among the general population. For instance, alkaline water
can maintain the balance of body and blood pH, while
oxygenated water claims to improve physical performance.
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The questions are, whether these claims are based on evi-
dence or overclaimed. The objective of this review article is
to examine whether the consumption of alkaline water,
oxygen water, and demineralized water result have a health
benefit and supreme the health benefit of drinking mineral
water on healthy population.

Methods

Eligibility criteria

Inclusion criteria are studies on healthy population, that compared the
benefit of drinking alkaline water, oxygen water, or demineralized
water with mineral water. Later, the search will be grouped based on
the type of water, so there are three groups that are alkaline water,
oxygen water, and demineralized water. Exclusion criteria of the study
were including patient or unhealthy people, using water which did not
meet the criteria of Indonesia regulation for mineral water, alkaline
water, oxygenated water, and demineralized water, and using water in
a very little amount for intervention and cannot be considered as
drinking water.

Literature search

Five electronic databases, PubMed, Cochrane, Scopus, EBSCO, and
Science Direct, were used to search the studies published in English
between January 2000 and July 2022. The search was done by the end
of September 2022 for all of the databases. The PICO (Participants,
Intervention, Comparators, and Outcomes)model was used to frame the
research question.

A number of investigators (DS, DNC, BEM, PNCI, DF, NRMM, and
WL) conducted independent literature searches for the title and abstract
of the articles for further review based on full-text articles. Each of the
studies was reviewed by two reviewers using Microsoft Excel to collect
data from the studies. The search strategy represented the concepts of
mineral water; alkaline water, oxygen water, demineralized water, and
health outcomes.

The SIGN checklist for randomized controlled trials and for
case-control and cohort studies was utilized to assess the risk of bias.
Studies that lack comparison were excluded from the further review.
The effect measured from studies was the change of parameter after
intervention between two groups or odd ratio/risk ratio between two
groups for observational studies. The GRADE framework was applied to
assess the quality of evidence. The comprehensive keywords that were
used for searching through databases are shown in Table 1.

Results

We worked on a literature search with inclusion and
exclusion criteria at each stage using preferred reporting
items of systematic reviews and meta-analyses (PRISMA)
(Figure 1). There were 2,268 articles identified at the initial
search that consisted of 560, 485, and 1,220 articles about

alkaline water (AW), oxygenated water (OW), and demin-
eralized water (DW) respectively. Through other resources
and removal of duplicated articles, 2,253 articles in totalwere

Table : List of keywords for database searching.

Intervention Comparison Outcome

Alkaline water

“Drinking wa-
ter”
OR
“Bottled water”

AND “Electrolyzed Reduced
water”
OR
“High pH water”
OR
“Alkaline water”

AND “Health benefit”
OR
“Health effect”
OR
“Disease preven-
tion”
OR
“Hydration”
OR
“Health perfor-
mance”
OR
“Fitness”
OR
“Wellness”

Oxygenated water

“Drinking wa-
ter”
OR
“Bottled water”

AND “Oxygen water”
OR
“Oxygenated water”

AND “Health benefit”
OR
“Health effect”
OR
“Disease
prevention”
OR
“Hydration”
OR
“Health
performance”
OR
“Fitness”
OR
“Wellness”

Demineralized water

“Drinking wa-
ter”
OR
“Bottled water”

AND “Demineralized water”
OR
“Reverse osmosis
water”
OR
“Low mineral water”
OR
“Low calcium water”
OR
“Low magnesium
water”

AND “Health benefit”
OR
“Health effect”
OR
“Disease
prevention”
OR
“Hydration”
OR
“Health
performance”
OR
“Fitness”
OR
“Wellness”
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included in the screening step. After being screened, 1,378
articles were excluded because of their irrelevance to
the topic or non-human subjects. Out of 259 articles that
were eligible for the study, there were 251 studies that were
excluded after being assessed through full-text review
because they were review articles, the comparison product
has not fulfilled the criteria as mineral water, or was
conducted among unhealthy people. Furthermore, three
studies on alkaline water were excluded because the water
pH level was below the criteria of alkaline water [10–12].
Two studies on oxygenated water were excluded because
one study used demineralized water as the comparison
and the other one only used a small amount of water for
intervention, not as drinking water [13, 14]. Thus, this article
reports the results of the review on eight studies that
consisted of two articles, four articles, and four articles
about AW, OW, and DW respectively.

Studies included were not limited to certain design
methods. There were six articles that conducted experi-
mental research, two articles were cross-sectional studies,
and two were cohort studies. All non-experimental studies

were performed on demineralized water, these might be
considered unethical to oblige participants to consume
demineralized water because of the health concern.

Studies locations were rather varied, all DW studies were
from Asia (China, India, and Iraq), AW study was conducted in
Denmark, andCzechRepublic, andOWstudieswere conducted
in the United States of America, Austria, Japan, and Germany.
The participants varied based on the criteria of the study.
Non-experimental studies involved general populations and
students, while experimental studies recruited athletes or
active subjects because most of the experimental research
obliged participants to conduct some kind of exercise.

Discussion

This systematic review that collected eight studies found
weak evidence that either alkaline water, oxygenated water,
or demineralized water provided other health benefits than
drinking water to hydrate the body compared to mineral
water (Table 2). One study that observed the alkaline water

Records identified through database 
searching

n = 548 (AW)
n = 479 (OW)

n = 1.199 (DW)
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n Additional records identified 

through other sources
n = 12 (AW)
n = 9 (OW)

n = 21 (DW)

Records after duplicates removed
n = 553 (AW)
n = 485 (OW)

n = 1.215 (DW)

Records screened
n = 553 (AW)
n = 485 (OW)

n = 1.215 (DW)

Records excluded (not 
relevant, animal study) 

n = 507 (AW)
n = 466 (OW)
n = 1074 (DW)

Full-text articles assessed for eligibility
n = 46 (AW)
n = 19 (OW)

n = 141 (DW)

Full-text articles excluded, 
with reasons (review 

article, not comparing with 
mineral water, conducted 

in people with certain 
condition)

n = 44 (AW)
n = 15 (OW)

n = 137 (DW)
Studies included in qualitative synthesis

n = 2 (AW)
n = 4 (OW)
n = 4 (DW)

Figure 1: Study selection flow diagram.
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Table : Study review and characteristics.

Study (author,
year, country)

Intervention and
comparison

Study design and risk of bias Population Parameter Outcome

Alkaline water

Hansen
et al. []
Denmark

CON: receivedneutral
drinking water
(pH: .)

Non-blinded randomized cross
over study with  weeks
intervention period and  weeks
wash out period
Water consumption was a mini-
mum  L per day

 male of –
years old
participants with
BMI – kg/m

Difference between CON
and INT group after
intervention on:
– gut microbiota
– serum insulin
– plasma glucose
– bowel movement

There was no change on gut
microbiota in overall diversity
(Shannon’s Index) and
estimated richness (Chao )
after intervention neither in
CON nor INT group
There was no significant
difference between CON and
INT group in neither plasma
glucose (p-value: .) nor
serum insulin (p-value: .)
There was no significant
difference on frequency of
bowel movement (p-value:
.) between the two
groups

INT: received alkaline
drinking water
(pH: .)

Steffl
et al. []
Czech Republic

CON: received
regular table water
INT: received alkaline
water with pH .

Double-blind randomized,
placebo-controlled crossover
design with three consecutive
days of intervention period and
 weeks wash out period. Water
consumption was  × . L
bottles for a day

 healthy young
males of –
years old

Difference between CON
and INT group after
intervention on:
– Performance of

high-intensity
step-test

– Rate of Perceived
Exertion (RPE)

– Blood lactate
– Urine specific

gravity
– Reaction time

There was significant higher
performance in first step-test
(.Wvs. .W; p-value:
.) and second step-test
(.Wvs. .W; p-value:
.) among INT compared
to CON group
There was no significant
difference of RPE between
both groups after the first
and the second step-test.
There was a significantly
increased of RPE after the
second step test among CON
group (p-value: .) but
not in INT group. There was a
significant difference in RPE
between the first step test
among the CON group and
the second step test among
the INT group (p-value:
.)
There was no significant
difference of lactate change
between CON group and INT
group after the second step
test
There was no difference in
urine specific gravity and
reaction time in CON and INT
group compared to before
intervention
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Table : (continued)

Study (author,
year, country)

Intervention and
comparison

Study design and risk of bias Population Parameter Outcome

Oxygen water

Gruber
et al. []
Germany

INT: subject received
oxygenated water
(. mg O/L)

Prospective, double blinded,
randomized study
Participant consumed either
 ×  mL INT or CON water
each day that lasted for  days.
On day , day , day , and day
, subjects were assessed for
pre and post treatment

 participants
from – years
old

Difference between
groups of INT and CON at
before, during and after
treatment on:
Laboratories parameters
Ascorbyl radical

There was no difference on
laboratories parameters
between times in both
groups
In INT group between day 
vs. day : Erythrocites:
. T/L vs. . T/L; p-value:
.; Hemoglobin: . g/
dL vs. . g/dL; p-value:
.; Hematocrite: .%vs.
.%; p-value .; MCH:
. pg vs. . pg:
p-value: ., MCV: . fL
vs. . fL; p-value: .;
MCHC: . g/dL vs.
. g/dL; p-value: .;
Leukocytes: . g/dL vs.
. g/dL; p-value: .;
Thrombocytes: . g/dL
vs. . g/dL; p-value: .;
Uric Acid: . mg/dL vs.
. mg/dL: p-value: .;
Bilirubin . mg/dL vs.
. mg/dL; p-value: .
In CON group between day 
vs. day : Erythrocites:
. T/L vs. . T/L; p-value:
.; Hemoglobin: . g/
dL vs. . g/dL; p-value
.; Hematocrite: .%vs.
.%; p-value: .; MCH:
. pg vs. . pg:
p-value: ., MCV: . fL
vs. . fL; p-value: .;
MCHC: . g/dL vs.
. g/dL; p-value: .;
Leukocytes: . G/dL vs.
. G/dL; p-value: .;
Thrombocytes: . G/dL
vs. . G/dL; p-value:
.; Uric Acid: . mg/dL
vs. .mg/dL: p-value: .;
Bilirubin . mg/dL vs.
. mg/dL; p-value: .
There was significant in-
crease in day  and day  of
ascorbyl radicals in INT group
compared to day , but no
difference in CON group

CON: subject received
normal mineral water
of . mg O/L HO

Leibetseider
et al. []
Austria

INT: received
oxygenated water
( mg O/L)

Double blind, cross-over experi-
mental study
Participants performed 

exhaustive bicycle spiro-
ergometric exercises every
 weeks. Participants received

 from  to 

years old
participants

Difference between 

groups after exercise of
submaximum and
maximum level on:
– Achievable power
– Heart rate

There was significant
difference of blood lactate
concentration after exercise
between  groups at
maximal level. Other than
that, no difference was

CON: received
untreated water
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Table : (continued)

Study (author,
year, country)

Intervention and
comparison

Study design and risk of bias Population Parameter Outcome

intervention  weeks between
exercise  and  or between
exercise  and . Intervention
water ingestion was . L/day in
the morning before exercise

– Oxygen uptake
– Respiratory

exchange rate
– O2 equivalent
– Blood lactate

observed between  groups.
Difference between group
after exercise at maximum
level: p-value of Wmax: .;
p-value of HR: .; p-value
of VO: .; p-value of VO/
kg: .; p-value of RER:
.; p-value of VEO: .;
p-value of Lactate: .

Wing-Gaia []
United States
of America

INT: purified oxygen-
ated water

Randomized double-blind
placebo-controlled study.
Intervention was given  days
prior to exercise with  weeks
washout
Exercise was conducted on an
electromagnetically braked cycle
ergometer
Subjects received water as much
as  mL/kg of BW per day.  h
before exercise, subjects were
instructed to consume  mL of
EXP or CON water

 active males
from age  to 

years old

Difference in  groups
between pre and post
exercise performance of:
– Heart rate
– VO2

– Exercise intensity
– Blood lactate
– SaO2

– PcO2

Urine specific gravity

There was no significant
improvement in heart rate,
VO, exercise intensity, blood
lactate, and SaO in both
groups. Difference between
CON vs. INT group after
exercise: Heart rate
. bpm vs. . bpm;
VO: . mL/kg/min vs.
. mL/kg/min; Exercise
intesity: .% VOmax vs.
.% VOmax

Difference between baseline
vs. change after  kJ vs.
after  kJ in CON group:
Blood lactate: . mmol/L vs.
. mmol/L vs. . mmol/L;
SaO: .% vs. .% vs.
.%; PcO: .% vs. .%
vs. .%
Difference between baseline
vs. change after  kJ vs.
after  kJ in INT group:
Blood lactate: . mmol/L vs.
. mmol/L vs. . mmol/L;
SaO: .% vs. .% vs.
.%; PcO: .% vs. .%
vs. .%
There was significant
increasing of USG (Urine
Specific Gravity) after
exercise compared to before
exercise in both groups.
Urine Specific Gravity of CON
group between pre vs. post
exercise: . g/cm vs.
.; p-value <.. Urine
Specific Gravity of INT group
between pre vs. post
exercise: . g/cm vs.
.; p-value <.

CON: regular bottled
water

Izawa
et al. []
Japan

INT: received
oxygenated water
( mg O/L)
CON: receivednormal
mineral water

Randomized placebo-controlled
single-blinded trial
Participants were instructed to
drink allocated water of  mL
 min before walking,  mL
 min before walking,  mL

 participants of
healthy men and
women with
average .
years old

Difference of SpO and
pulse rate between CON
and INT group during
 min walking

INT group showed a
significantly lower reduction
of SpO mean change
– min after walking
compared to CON group
INT group showed a
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Table : (continued)

Study (author,
year, country)

Intervention and
comparison

Study design and risk of bias Population Parameter Outcome

min beforewalking, and mL
after starting walking

significantly higher increase
of pulse rate mean change
– min after walking
compared to CON group

Demineralized water

Gupta
et al. []
India

Group : 
participants who
drink RO water

Cross-sectional study  participants
with age >
years

Vitamin B deficiency
prevalence between 

groups

Group  showed significantly
higher prevalence of vitamin
B deficiency compared to
group . Participants who
were vitamin B deficiency
in group  vs. group  was
.% vs. .%; p-value
<.

Group : 
participants who
drink tap water

Huang
et al. []
China

Group : ,
children were not
exposed to low
mineral direct drink-
ing water (DDW)

Eco-epidemiological study from
 to 

, children
(aged –

years) from 

schools

Difference between
groups from  until
 of the parameters;

Height
Weight
BMI
Dental caries

There was no difference of
BMI between  groups in
every year measurement.
Significance difference of
BMI between  years old
girls in group  and  years
old girls in group  in  vs.
 vs.  vs.  was
. vs. . vs. . vs.
.. Significance difference
of BMI between  years old
boys in group  and  years
old boys in group  in 

vs.  vs.  vs. was
. vs. . vs. . vs.
..
There was significant
difference of height increase
between  groups after 
years (from  to )
where group  showed
higher height increase
compared to group . Signif-
icance difference of height
between  years old girls in
group  and  years old girls
in group  in  vs.  vs.
 vs.  was . vs.
. vs. <. vs. <..
Significance difference of
BMI between  years old
boys in group  and  years
old boys in group  in 

vs.  vs.  vs. was
. vs. . vs. <. vs.
<..
Group  showed significantly
higher prevalence of
hypoevolutism and dental
caries after  years compared
to group . Significance
difference of hypoevolutism

Group : ,
children were
exposed to low
mineral DDW
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Table : (continued)

Study (author,
year, country)

Intervention and
comparison

Study design and risk of bias Population Parameter Outcome

prevalence between group 

and group  in  vs. 
vs.  vs.  was .
vs. . vs. . vs. <..
Significance difference of
dental caries prevalence
between group  and group 
in  vs.  vs.  vs.
 was . vs. . vs.
. vs. <.

Muhsin []
Iraq

Group :  subjects
who drink RO water
(pH: .)

Cross sectional comparative
study

 healthy men Bone mineral density
between  groups

Group  showed significantly
higher prevalence of low
BMD compared to group 

Participants who were
osteopenia in group  vs.
group  was .% vs. .%;
p-value <.. Participants
who were osteoporosis in
group  vs. group  was
.% vs. .%; p-value
<.

Group :  subjects
who drink tap water
(pH: .)

Huang
et al. []
China

Group :  children
who drink normal
mineral content
water (conductivity:
 µs/cm)

Retrospective cohort study that
lasted  years

 – years
old children

Difference between
group after  groups of
the parameters:

Serum calcium
Serum magnesium
Calcium

modulating
hormones

Height
Height increase

Group  showed significantly
higher value of serum
calcium, serum magnesium,
and cholecalciferol to group
, but showed same value of
calcitonin and parathyroid
hormone compared to group
. Difference of blood serum
between group  vs. group :
serum Ca:  mg/L vs.
 mg/L; p-value <.;
serum Mg: . mg/L vs.
. mg/L; p-value <.;
Cholecalciferol:  ng/L vs.
 ng/L; p-value: .;
serum calcitonin:  ng/L vs.
 ng/L; p-value: .;
parathyroid hormone:
 ng/L vs.  ng/L;
p-value: ..
Group  showed significantly
higher height and height
increase after  years of
observation compared to
group . Height and height
increase after  years obser-
vation between group  vs.
group : height:  cm vs.
 cm; p-value <.;
Height Increase: . cm vs.
. cm; p-value <.

Group :  children
who drink very low
mineral water
(conductivity:
 µs/cm)

INT, intervention; CON, control; CI, confidence interval.

346 Sunardi et al.: Effects of alkali, oxygenated and demineral water



effect on health benefits did not show any difference
compared to mineral water. One out of three studies of
oxygenated water even showed that consumption of
oxygenated water with 190 mL/g dissolved oxygen in at least
14 days increased ascorbyl radicals in the body. Two other
studies didn’t appear to display a significant difference of
measured parameters between the oxygenated water group
and mineral water group after exercise and intervention. In
demineralized water, all four studies showed resemblance,
where the regular intake of demineralized water resulted in
inferior consequences compared to mineral water.

Alkaline water

Indonesia National Agency of Drug and Food Control (BPOM)
(2019) defined that the range of pH level mineral water in
Indonesia regulation was from 8.6 to 9.5 without additional
mineral and oxygen or carbon dioxide [25]. In his article,
Weidman et al. didn’t explain any further about the water
pH consumed in the intervention [12]. On the other side,
excluded articles mentioned its pH value of alkaline water
and mineral water as control, yet its pH value did not
resemble BPOM regulation [10, 11]. Nonetheless, none of the
excluded articles showed any significant difference of
outcome value. There was no significant difference found in
the study of Weidman et al. [12] and Hansen et al. [15] be-
tween intervention group and control group. Steffl et al. in
their article, showed a significantly different result between
group who received alkaline water (INT) and regular table
water (CON) where INT group displayed better performance
of high-intensity step-test [16]. Nonetheless, this study did
not include the baseline data as a comparison before and
after intervention.

The alkaline diet was the initial idea of alkaline water to
be popular among consumers. The alkaline diet itself was the
attempt for people to balance acid-base equilibrium in the
body, after high consumption of an acidic diet that mostly
involved animal-based food. Previous studies showed
diverse and unclear results of alkaline diet impact to health
benefit after intervention in some groups of community
[26–29].

Oxygen water

Oxygenated water in Indonesia is required to contain
dissolved oxygen at least 40 mg/L in the factory and 20 mg/L
in the market place [25]. There were only Gruber, Axmann,
and Schoenberg, Leibetseider et al. and Izawa et al. that
disclosed oxygen content in the interventionwater,whichwas

190.6 mL/L and 180 mL/L respectively [17, 18, 20]. Leibetseider
et al. and Wing-Gaia et al. didn’t show any notable found
between intervention group and control group [18, 19].
Leibetseider et al. stated that the difference in blood lactate
concentration between the two groups was not because of the
intervention effect, but due to the statistic test [18]. In contrast,
Gruber, Axmann, and Schoenberg appeared with a significant
value of ascorbyl radicals whereas the oxygenated water
group showed a higher value significantly [17]. It invalidated
the hypothesis stated that oxygenated water can act as an
antioxidant or help improve the immune system.

On the other hand, Izawa et al. [20] showed a significant
result regarding SpO2 and pulse rate between group who
received oxygenated water and regular table water. A signif-
icantly lower decrease of SpO2 was presented in the oxygen-
ated group during walking might be beneficial. However, this
group also displayed a significantly higher increase of pulse
rate which must be a concern for the consumer.

Oxygen water was utilized as ergogenic aid among
athletes or people who exercise. The extra oxygen contained
in the water was expected to replace the loss of oxygenmore
efficiently and resulted in gaining better performance.
Piantadosi disapproved this hypothesis for several reasons
[30]. First was for the practical reason that oxygen content in
the water will be significantly reduced once the bottle was
opened. The second one was for a physiological reason
where intestine was not designed for gas exchanging, unlike
lung. The oxygen absorbed in the intestine would appear in
insignificant amounts, thus it could be neglected.

Demineralized water

Demineralized water is obtained by the purification process
through distillation, deionization, reversed osmosis, or
other equal processes. In the further process, demineralized
water might be added with oxygen or carbon dioxide [25].
Demineralized water was developed for laboratory and
technical purposes in the first place and started to expand
for drinking water in some areas such as coastal and
inland areas where available drinking water was limited.
It was also recommended that demineralized water needed
to meet the requirements as listed: (1) minimum content of
bicarbonate ion was 30 mg/L and calcium was 30 mg/L;
(2) maximum level of alkalinity was 6.5 meq/L, sodium was
200 mg/L, boron was 0.5 mg/L, and bromine 0.01 mg/L; and
(3) contained dissolved salt from 100 to 250 mg/L [31].

Results in demineralized studies in this study showed
that there is no beneficial effects for their long term con-
sumers [21–24]. Results of this study assemble with what
World Health Organization had demonstrated that the long-
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term consumption of demineralizedwater resulted in health
adverse effects [31]. The consequences were commenced by
lower intake of calcium, magnesium, and other microele-
ments along with loss of calcium, magnesium, and other
microelements in prepared food. Furthermore, low mineral
content inwater leads to a negative effect on the homeostasis
mechanism. Another aspect that was also a concernwas that
demineralized water had poor taste. It might lead people to
drink less than the actual recommendation.

Several limitations of this study need to be acknowl-
edged. As this study only included the studies which were
published after 2000,we found a limited number of available
studies to be reviewed. Besides, this study showed results
that covered varied population groups and countries.
However, we applied Indonesia regulation for water type
definitions made the conclusion drawn may be different
from other countries. We recognized that studies in this
review were conducted in a short duration of intervention,
thus more robust design studies are required. However, this
study covers the review of studies that presented the
comparison of health benefits between mineral water and
other types of water, which to our knowledge, is thefirst one.

Conclusions

This review clarifies many theories that widely escalated
among the general population regarding health benefits ob-
tained by consuming various types of water. The available
studies that we analyzed did not show any convincing evi-
dence that supported the ideaof preventing disease, improving
performance, or even curing disease by consuming alkaline,
oxygen, or demineralized water. In contrast, studies displayed
notable adverse effects from demineralized water after a long
time of consumption. This review suggests that neither alka-
line, oxygen, nor demineralized water is superior compared
to mineral water. Future research should focus on how to
diminish the belief that had been perceived among the general
population. Food and drug administration is also expected to
put more attention on advertisement of water products
because the overclaims asserted by the company contribute a
big role to people’s belief.

Research funding: None declared.
Author contributions: All authors were involved in design
conception and critically revised the manuscript for the
important intellectual content. All authors have accepted
responsibility for the entire content of this manuscript and
approved its submission.

Competing interests: No, authors do not have any conflict of
interest on the subject. All authors are involved in Indonesian
Hydration Working Group management. Indonesian
Hydration Working Group itself is collaboration project
between Faculty of Medicine Universitas Indonesia and PT
Tirta Investama, Danone. None of the authors has conflict of
interest of any type with respect to this manuscript. The
authors aloneare responsible for the content andwriting of the
paper.
Informed consent: Not applicable.
Ethical approval: Not applicable.

References

1. Santoso BI, Hardinsyah SP, Pardede SO. Air bagi kesehatan, 1st ed.
Jakarta: Centra Communications; 2011:1–108 pp.

2. Khan NA, Westfall DR, Jones AR, Sinn MA, Bottin JH, Perrier ET, et al. A
4-d water intake intervention increases hydration and cognitive
flexibility among preadolescent children. J Nutr 2019;149:2255–64.

3. Krecar IM, Kolega M, Kunac SF. The effects of drinking water on
attention. Procedia – Soc Behav Sci 2014;159:577–83.

4. Perry CS, Rapinett G, Glaser NS, Ghetti S. Hydration status moderates
the effects of drinking water on children’s cognitive performance.
Appetite 2015;95:520–7.

5. Pross N, Demazières A, Girard N, Barnouin R, Metzger D, Klein A, et al.
Effects of changes in water intake on mood of high and low drinkers.
PLoS One 2014;9(1 Suppl):S30–6.

6. Hooton TM, Vecchio M, Iroz A, Tack I, Dornic Q, Seksek I, et al. Effect of
increased daily water intake in premenopausal women with recurrent
urinary tract infections a randomized clinical trial. JAMA Intern Med
2018;178:1509–15.

7. Tack I. Effects of water consumption on kidney function and excretion.
Nutr Today 2010;45:S37–40.

8. Pan A, Malik VS, Hao T, Willett WC, Mozaffarian D, Hu FB. Changes in
water and beverage intake and long-termweight changes: results from
three prospective cohort studies. Int J Obes 2013;37:1378–85.

9. Muckelbauer R, Barbosa CL, Mittag T, Burkhardt K, Mikelaishvili N,
Müller-Nordhorn J. Association between water consumption and body
weight outcomes in children and adolescents: a systematic review.
Obesity 2014;22:2462–75.

10. Chycki J, Kurylas A, Maszczyk A, Golas A, Zajac A. Alkaline water
improves exercise-inducedmetabolic acidosis and enhances anaerobic
exercise performance in combat sport athletes. PLoSOne 2018;13:1–10.

11. Chycki J, Zając T, Maszczyk A, Kurylas A. The effect of mineral-based
alkaline water on hydration status & the metabolic response to short-
Term anaerobic exercise. Biol Sport 2017;34:255–61.

12. Weidman J, Holsworth RE Jr., Brossman B, Cho DJ, St.Cyr J, Fridman G.
Effect of electrolyzed high-pH alkaline water on blood viscosity in
healthy adults. J Int Soc Sports Nutr 2016;13:1–13.

13. Fleming N, Vaughan J, Feeback M. Ingestion of oxygenated water
enhances lactate clearance kinetics in trained runners. J Int Soc Sports
Nutr 2017;14:1–7.

14. Mcnaughton LR, Kenney S, Siegler J, Midgley AW, Lovell RJ, Bentley DJ.
The effect of superoxygenated water on blood gases, lactate, and
aerobic cycling performance. Int J Sports Physiol Perform 2007;2:377–85.

348 Sunardi et al.: Effects of alkali, oxygenated and demineral water



15. Hansen TH, Thomassen MT, Madsen ML, Kern T, Bak EG, Kashani A,
et al. The effect of drinking water pH on the human gut microbiota and
glucose regulation: results of a randomized controlled cross-over
intervention. Sci Rep 2018;8:1–13.

16. Steffl M, Kinkorova I, Talar K, Jandova T, Moulisova K, Omcirk D, et al.
The effects of high mineral alkaline water consumed over three
consecutive days on reaction time following anaerobic exercise – a
randomized placebo-controlled crossover pilot study. J HumKinet 2021;
78:111–9.

17. Gruber R, Axmann S, Schoenberg MH. The influence of oxygenated
water on the immune status, liver enzymes, and the generation of
oxygen radicals: a prospective, randomised, blinded clinical study. Clin
Nutr 2005;24:407–14.

18. Leibetseider V, Strauss-Blasche G, Marktl W, Ekmekcioglu C. Does
oxygenated water support aerobic performance and lactate kinetics?
Int J Sports Med 2006;27:232–5.

19. Wing-gaia SL, Subudhi AW, Askew EW. Effects of purified oxygenated
water on exercise performance during acute hypoxic exposure. Int J
Sport Nutr Exerc Metabol 2005;15:680–8.

20. Izawa H, Nagao M, Nozu S, Shiota Y, Fukao K, Nishio H, et al. Effects of
drinking oxygenated water on blood oxygen saturation during
exercise under normobaric hypoxic conditions: a randomized
placebo-controlled single-blinded trial. Juntendo Med J 2022;68:
228–34.

21. Gupta ES, Sheth SP, Ganjiwale JD. Association of vitamin B12
deficiency and use of reverse osmosis processed water for drinking: a
cross-sectional study from western India. J Clin Diagn Res 2016;10:
37–40.

22. Huang Y, Wang J, Tan Y, Wang L, Lin H, Lan L, et al. Low-mineral direct
drinking water in school may retard height growth and increase dental
caries in schoolchildren in China. Environ Int 2018;115:104–9.

23. Muhsin FAR. Impact of drinking reverse osmosis water (RO water) on
human bone density in AL-najaf city. Indian J Public Health Res Dev
2019;10:669–74.

24. Huang Y, Ma X, Tan Y, Wang L, Wang J, Lan L, et al. Consumption of very
low mineral water is associated with lower bone mineral content in
children. J Nutr 2019;149:1994–2000.

25. BPOM. Peraturan Badan Pengawas Obat dan Makanan Nomor 34
Tahun 2019 Tentang Kategori Pangan. Jakarta: Badan Pengawas Obat
dan Makanan; 2019.

26. Schwalfenberg GK. The alkaline diet: is there evidence that an alkaline
pH diet benefits health? J Environ Public Health 2012;2012;1–7.

27. Fenton TR, Huang T. Systematic review of the association between
dietary acid load, alkaline water and cancer. BMJ Open 2016;6:1–5.

28. Mousa HAL, Chb MB. Health effects of alkaline diet and water,
reduction of digestive-tract bacterial load, and earthing
psychobiology of vaccination effects: bidirectional relevance of
depression traumatic brain injury and the effect on the brain. Gut
Axis Prebiotics 2015;22:3–5.

29. Hanley DA, Whiting SJ. Does a high dietary acid content cause bone
loss, and can bone loss be prevented with an alkaline diet? J Clin
Densitom 2013;16:420–5.

30. Piantadosi CA. “Oxygenated” water and athletic performance. Br J
Sports Med 2006;40:740.

31. World Health Organization. Nutrients in drinking water. Geneva:World
Health Organization; 2005.

Sunardi et al.: Effects of alkali, oxygenated and demineral water 349


	Health effects of alkaline, oxygenated, and demineralized water compared to mineral water among healthy population: a syste ...
	Background
	Methods
	Eligibility criteria
	Literature search

	Results
	Discussion
	Alkaline water
	Oxygen water
	Demineralized water

	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


