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ABSTRACT

Introduction: The purpose of this study is to review the amount and duration of alkaline
water intake and its impact towards human health outcomes. Methods: A systematic review
was conducted and Preferred Reporting Items for Systematic review and Meta-Analysis
(PRISMA) was used. Elements of study questions which are population, intervention,
comparison, outcomes and study design (PICOS) were used to determine the research
objective. Inclusion and exclusion criteria were used to screen for relevant data. The articles
were found through four electronic databases which were Scopus, Pro Quest, PubMed and
Wiley Online Library. Specific terms were determined and searched by using Boolean
Operators. Results: In total, 2370 relevant abstracts were identified, of which 11 full-text
articles were evaluated with the following outcomes: positive (n=9), negative (n=1) and
neutral (n=1). The amount and duration of alkaline water intake that produce positive effects
is equivalent to standard fluid recommendation for various condition which were 2 L/day for
general population, 4 L/day for athletes, 1 L/day for post-menopausal women and 2 L/day
for diabetes mellitus patients. The duration of intervention to produce positive outcomes
varied between one to four weeks. Conclusion: This systematic review provides the amount
and duration of alkaline water intake that affect human health outcome. It is recommended
for future study to explore the effects of pH and mineral contents of alkaline water because
these two variables might produce different impact on the outcomes. Besides, it is suggested
for meta-analysis to be conducted for more comprehensive clinical evidence.
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INTRODUCTION

According to the National Health and Morbidity Survey (NHMS, 2015), 2 out of 3
persons in Malaysia suffer at least one from three non-communicable diseases (NCDs) which
are diabetes, hypertension and hypercholesterolemia. The incidents of NCDs have accounted
for 60% of the disease burden in Malaysia in 1990 and it is increasing to 72% in 2013 (Lum,
2018). Due to this, it is becoming one of the biggest concerns for Malaysian to overcome this
health problem. As the cost of treatment are expensive nowadays, people are searching for
alternative medicine which is a non-pharmacological option to improve and maintain their
health from these diseases and other adverse health outcomes. The emergent of alkaline water
as an alternative which claims to be effective for health improvement is attracting many

people.

Due to this reason, the intake of alkaline water in community has been growing over the
past few years and the production of alkaline water in the market also has been increasing
due to people’s beliefs regarding alkaline water and its health benefit. The main concern is
the effect of alkaline water used among general population on their health status. In addition,
another concerning matters regarding alkaline water consumption are the amount and
duration. The amount and duration of alkaline drinking water intake might be varied per
person as no indication on how much water intake is needed and how long for its effect to
take place. Since there is no clear and transparent evidence to support the claim of alkaline
water intake, the review about this should be conducted in order to identify whether it would
give positive, negative or no effects at all to health outcomes.

Based on the literatures, alkaline water is a water rich in alkaline properties which often
produced through a process called electrolysis whereby alkaline substances were added to
increase its pH level (Abramowitz & Arnold, 2003 & Watanabe, 1995). Alkaline water contains
unique characteristics which could give therapeutics effects such as antioxidant and
dihydrogen effects (Ignacio et al., 2013 & Henry & Chambron, 2013). Some studies showed
that alkaline ionized water might have positive outcomes due to its characteristics (Ignacio et
al., 2013, Shirahata et al., 1997, Jin et al., 2006 & Tsai et al., 2009). However, scientific studies
needed to be reviewed to provide concrete evidence to support the claims of alkaline water
towards people’s health through the conduct of this review study.

This review aimed to provide comprehensive evidence about alkaline water and its
health outcomes to people; since no review has been done previously considering the trend
regarding consumption of alkaline water is becoming more popular nowadays.

METHODS

In this systematic review, the Preferred Reporting Items for Systematic review and
Meta-Analysis (PRISMA) was used which included PRISMA flow diagram and checklist
(Liberati et al., 2009).
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Database Search

The research question was developed by using PICOS elements to identify the relevant
keywords. Then, the search strategy using Boolean Operators were used to find relevant
studies. Relevant studies were identified through various databases such as Scopus, Pro
Quest, PubMed and Wiley Online Library. These databases were searched by using keywords
of alkaline water and outcomes. The included search term were “alkaline water” OR “alkaline
ionized water” OR “alkaline electrolytic water” OR “alkaline drinking water” AND Effect*
OR Benefit* OR advantage* OR outcome*.

Study Selection

First, during the identification process, the relevant articles were obtained. After that,
the articles were exported to Mendeley for screening. The articles were screened to remove
the duplicates data. Next, the remaining articles’ titles and abstracts were screened to remove
unrelated studies to research objectives. After removing articles from screening, the full text
articles remained were assessed for their eligibility. The eligibility assessed by identifying
whether they met or not the inclusion and exclusion criteria (Table 1). The included studies
were chosen from studies published in the year 2000 onwards to include all possible outcomes
because there was no review conducted on this topic since this year. The in vivo studies were
chosen to identify the outcome as well as amount and duration which could be derived from
in vivo study only as in vitro study, it did not measure direct effect on human. After that, the
remaining full text articles were included for systematic review and synthesized qualitatively.

Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

- Human study - Animal study

- Invivo study - Invitro study

- Study published in - Study published in
English other language than

- Peer reviewed study English

- Study published from - Review study
the year 2000 - Not research-based
onwards study

Risk of Bias

Before analysing the data, the risk of bias was addressed by following Cochrane Risk of
Bias for randomized study which consists of five domain which are selection, performance,
attrition, reporting, and other (Higgins et al., 2011). The judgements were addressed as ‘low
risk’, “high risk” or “unclear risk” (Higgins et al., 2011). For non-randomized study, Robins - I
tool (Sterne et al., 2016) was used to assess risk of bias. The judgements were also addressed
as ‘low risk’, “high risk” or “unclear risk’. The overall risk of bias was assessed to identify the
quality of study.
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Data Analysis

The findings from this review were tabulated in a summary table. The table was adopted
from Cochrane (Cochrane Library, n.d.) and was adjusted based on the objectives of the study.
The elements that have been extracted are source of the data, study design, participants’
details such as number of participants, gender and age, instruments used in the study, amount
of alkaline water intake, duration of the intervention and key findings from the studies.

RESULTS
Initial Search

A total of 2370 records were obtained from the database search. After the removal of
duplicates (n = 2041), 1966 publications were removed after screening of titles and abstracts.
Next, 75 remaining articles were evaluated for their inclusion and exclusion criteria as
outlined in Table 1 by reviewing their full text articles. Finally, after full text articles were
examined, 11 studies were included for synthesized of data (Figure 1).

Study Characteristics

There were 11 studies that were finalized to be included in the review. Among the
studies, ten studies belong to second level of evidence which consisted of six randomized
controlled trial and four randomized cross-over study; while another study was in the third
level of evidence which was quasi experimental study. These studies were experimented on
different type of population which were healthy people (Studies 1, 3, 4, 6, 10 and 11), post-
menopausal women (Studies 7 and 9), athletes (Studies 2 and 5) and patients with diabetes
mellitus (Study 8). There are several variables that were observed from these studies which
include composition of urine and risk of lithogenic (Study 1), hydration status (Studies 2 and
3), metabolic response (Study 2), blood viscosity (Study 3), general health and gastrointestinal
symptoms (Study 4), acid base balance and exercise performance (Study 5), blood glucose
level (Studies 6 and 8), human gut microbiota (Study 6), postprandial lipaemia (Studies 7 and
10), lipid profile and cardiovascular risk (Study 9), gallbladder emptying (Study 10) and bone
resorption (Study 11). The amount and duration of alkaline water intake had been determined
for participants in each study. There were several studies (Studies 1, 2, 4, 5, 6, 8, 9 and 11)
assessing daily water intake which were between 2 to 4 L per day with the duration between
one week to 8 weeks. One study (Study 3) assessed on ingestion of 20 ml/kg alkaline water
with a duration of 4 to 8 hours. The remaining studies (Studies 7 and 10) measured the
consumption of alkaline water by different number of occasions which were 3 and 4 times
within 1 to 2 weeks duration of study. The summary of the data obtained from the studies
were tabulated in Table 2.
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Figure 1: PRISMA 2009 Flow Diagram: Number of Studies Included
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Results Extracted

Based on these findings, there were nine studies that showed positive outcome which
support the correlation between consumption of alkaline water and variable measured
(Studies 2, 3, 4, 5,7, 8, 9, 10 and 11). The variables with positive outcomes were hydration
status (Studies 2 and 3), metabolic response (Studies 2), blood viscosity (Studies 3), general
health and gastrointestinal symptoms (study 4), acid base balance and exercise performance
(Study 5), blood glucose level (Study 8), postprandial lipaemia (Studies 7 and 10), lipid profile
and cardiovascular risk (Study 9), gallbladder emptying (Study 10) and bone resorption
(Study 11). The range of alkaline water consumption was between 1 to 4 L/day within 1 to 8
weeks period. One study showed that there was no significant changes which could be
interpreted as neutral outcome as no positive or negative effects on human'’s health (Study 6).
The variables that were used in this study were blood glucose level and human gut microbiota
with the amount of 2 L/day intake of alkaline water for 2 weeks. There was only one study
that obtained negative outcome from alkaline water intake (Study 1) in which the composition
of urine and risk of lithogenic were measured. The amount of alkaline water assessed in this
study was 2 L/day in the period of 2 weeks.

Risk of Bias Assessment

In this assessment, 2 people involved in assessing bias in order to reduce the risk of
being bias during judgement. The risk of bias for randomized trials (n= 10) in all included
studies that assessed by Cochrane Risk of Bias was demonstrated in Figure 2 and the summary
of bias for randomized studies in each included study was portrayed in Figure 3. Overall, the
risk of bias in randomized trial showed low risk of bias which indicated that the studies are
good quality studies.

Randam sequence generation (selection bias) _:I

Allocation concealment (selection bias) —:I

Blinding of participants and personnel (performance hias) _:I
Blinding of outcome assessment (detection hias) _:|
Incomplete outcome data (attrition bias) _

Selective reparting (reporting hias) _

otnerbias [

0% 20% 50% 7A%  100%

.LDW risk of hias DUncIearriskm’bias

Il Hioh risk of bias

Figure 2. Risk of Bias Graph of Randomized Control Trials
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Figure 3. Summary of Risk of Bias

Then, the risk of bias for only one non-randomized trial (n= 1) that used quasi-
experimental design (study 8) was assessed by using Robins-I tool; which was shown in Table
3. To summarize, the risk of bias for overall is low. Hence, this showed that the study had a
good quality.

Table 3. Robins - I Tool Risk of Bias Assessment

Domains Assessment

- i - Study 8

Bias due to confounding Unclear
Bias in selection of participants into study Low
Bias in measurement of interventions Low
Bias due to departures from intended Low

interventions

Bias due to missing data Low
Bias in measurement of outcomes Low
Bias in selection of reported result Low
Overall Low

DISCUSSION

Based on the studies reviewed, there are 9 articles (Chycki, 2017, Weidman, 2016,
Tanaka, 2018, Chycki, 2018, Schoppen 2005, Agustanti, 2019, Schoppen 2004, Toxqui, 2012 and
Wynn, 2009) that showed positive results of alkaline water intake in human’s health. One
study (Hansen, 2018) with neutral outcome and also one study (Coen, 2001) with negative
outcome.

A contrary between two studies that used blood profile to monitor blood glucose
showed a positive and neutral outcome. The study with neutral outcome (Hansen, 2018) used
healthy population as participants; while another study with positive outcome (Agustanti,
2019) recruited patients with diabetes mellitus that associated more with the biomarker used
for assessment. Other than that, the intervention done within the study might affect the result
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of trials where Hansen (2018) used cross-over controlled-trial to observe the changes while
Agustanti (2019) used quasi-experimental study where they compared the pre and post
intervention. Based on the level of evidence, Hansen (2018) has higher quality of evidence
compared to Agustanti (2019).

Besides, negative outcome from Coen (2001) showed a significant change that lead to
negative health outcome which increase the risk of renal lithogenesis. In this study, the
alkaline water used was rich in calcium which subsequently resulting in the recurrence of
stone in the kidney. As the amount of calcium is too much, it could exhibit undesirable health
condition. Hence, it is important to consider the mineral content percentage in alkaline water
since it might bring negative health effects.

The findings related to amount and duration of ionized alkaline water could be divided
into four categories: general healthy population, athletes, post-menopausal women and
diabetes mellitus patients. All of the outcome showed a variation of amount and duration.

Healthy Population

For general healthy population, the results were extracted from 4 articles reporting
positive outcome (Weidman, 2016, Tanaka, 2018, Toxqui, 2012 & Wynn, 2009). The amount of
alkaline water consumed in the studies was between 1.5 to 2.0 L/day. Based on this result, it
can be concluded that the requirement of alkaline water intake for healthy people is equivalent
to the recommended fluid intake for normal people which is 8 glasses of water daily or 30
mL/kg body weight. For the duration of study intervention, 2 studies showed 4 weeks of
intervention period (Tanaka, 2018 & Wynn, 2009); while Weidman (2016) required shortest
period which was within 4 to 8 hours. Another study by Toxqui (2012) also had a shorter
period for intervention which was 1 week. In short, it is appropriate to consider the longer
period of time for intake of alkaline water since the short duration demonstrated immediate
changes only; whereas the longer duration has proven consistent positive health outcome.

Athletes

Next, the average amount of electrolyzed alkaline water for athletes range from 3.0 to
4.0 L/ day (Chycki, 2017 & Chycki, 2018). The amount of electrolyzed alkaline water intake for
athletes in the reviewed studies is in accordance with the recommendation of the National
Athletic Trainers Association (Casa et al., 2000). While for the duration, both studies have
different period of study intervention which were 1 week (Chycki, 2017) and 3 weeks (Chycki,
2018). However, both studies showed consistent results and the biomarkers used were also
quite similar which were urinalysis and lactate concentration measurement. Hence, it can be
summarized that within a week alkaline water intake could already show a positive outcome
for hydration status and aerobic performance among athletes.

Post-menopausal Women

Besides, for the studies involving post-menopausal women (Schoppen 2004 & Schoppen
2005), The amount of alkaline water intake ranges from 1.0 to 1.5 L/ day. The required amount
is lower compared to the fluid requirement for general population. This is because the average
age of the subjects was higher than other reviewed studies and they have higher susceptibility
to experienced over-hydration. This is supported by Lindeman (2000) and Negoianu (2008) as
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they suggested that older persons who consumed standard fluid recommendation are most
likely to be over-hydrated. The total duration was different in both studies since the
parameters used were different. Shorter period was used to monitor postprandial lipaemia in
post-menopausal women which was 2 weeks; while a longer period was required to observe
the ability of alkaline to decrease the risk of cardiovascular disease which was 2 months
probably due to increasing the reliability of outcome produced by biomarkers.

Diabetes Mellitus Patient

There was only one study included which recruited patient with diabetes as the subjects
(Agustanti, 2019). Thus, outcome is not conclusive as level of evidence for this study is 3 and
randomized control trial is therefore warranted to be conducted. However, the amount of
alkaline water intake could still be used as reference. The amount consumed was 2 L/day
which is similar to the standard fluid recommendation for healthy people. Hence, it can be
concluded that the requirement might be similar with healthy people since diabetic patients
do not have any fluid restriction. The duration of study was one week which showed short
duration compared to other included reviewed studies.

Limitation and Strength of Study

One of the limitations in this review is it has mostly been conducted by only one
researcher which could introduce the risk of bias while reviewing articles and making
judgement. However, the researcher managed to reduce the bias in reviewing articles through
discussion with another researcher in order to achieve a reasonable judgement.

As for its strength, the PRISMA Statement which consisted of PRISMA flow diagram
and checklist were used as a guideline to facilitate this review. The use of PRISMA guideline
provide assurance that this review was conducted according to recommended scientific
standards.

CONCLUSION

Based on the available literature, there were positive, negative and neutral outcomes
with the consumption of alkaline water, as shown by the results of the 11 reviewed studies.
Based on the findings, the requirement of alkaline water intake which produced positive
outcome is equivalent to recommended fluid intake suitable with their health condition in
which for people with no fluid restriction is 1.5 to 2 L/day, 1.0 to 1.5 L/day for older age
people that have higher risk of over-hydration and 4 L/day for athletes. Besides, the duration
which ranged from 1 to 8 weeks and it would depend on how fast the biomarkers react
towards alkaline water intake. It is suggested for future study to explore other factors such as
pH and also mineral content in alkaline water and to perform meta-analysis in order to
provide more comprehensive clinical evidence to establish correlation of ionized alkaline
water intake and health effects.

ACKNOWLEDGEMENT

INTERNATIONAL JOURNAL OF ALLIED HEALTH SCIENCES, 4(3), 1285-1298 1296



EFFECTS OF ALKALINE WATER INTAKE ON HEALTH...

The authors thank librarians of Islamic International University Malaysia for assistance
in using online database for this review.

REFERENCES

Abramowitz, R. M., & Arnold, G. (2003). U.S. Patent No. 6,572,902. Washington, DC: U.S.
Patent and Trademark Office.

Agustanti, D. (2019). Effect of Alkaline Water Consumption on Decreasing Blood Sugar Levels
of Diabetes Mellitus Patients. Medico-Legal Update, 19(1), 234-237.

Casa, D. J., Armstrong, L. E., Hillman, S. K., Montain, S. J., Reiff, R. V., Rich, B. S., Roberts, W.
O., & Stone, J. A. (2000). National athletic trainers' association position statement: fluid
replacement for athletes. Journal of athletic training, 35(2), 212-224

Chycki, J., Zajac, T., Maszczyk, A., & Kurylas, A. (2017). The effect of mineral-based alkaline
water on hydration status and the metabolic response to short-term anaerobic exercise. Biology
of sport, 34(3), 255.

Chycki, J., Kurylas, A., Maszczyk, A., Golas, A., & Zajac, A. (2018). Alkaline water improves
exercise-induced metabolic acidosis and enhances anaerobic exercise performance in combat
sport athletes. PloS one, 13(11), €0205708.

Cochrane Library (n.d.). About Cochrane reviews. Retrieved from
https:/ /www.cochranelibrary.com/about/about-cochrane-reviews

Coen, G., Sardella, D., Barbera, G., Ferrannini, M., Comegna, C., Ferazzoli, F., ... & Simeoni, P.
(2001). Urinary composition and lithogenic risk in normal subjects following oligomineral
versus bicarbonate-alkaline high calcium mineral water intake. Urologia internationalis, 67(1),
49-53.

Hansen, T. H., Thomassen, M. T., Madsen, M. L., Kern, T., Bak, E. G., Kashani, A., ... &
Pedersen, O. (2018). The effect of drinking water pH on the human gut microbiota and glucose
regulation: results of a randomized controlled cross-over intervention. Scientific reports, 8(1),
1-12.

Henry, M., & Chambron, J. (2013). Physico-chemical, biological and therapeutic characteristics
of electrolyzed reduced alkaline water (ERAW). Water, 5(4), 2094 -2115.

Higgins, J. P., Altman, D. G., Getzsche, P. C,, Jiini, P., Moher, D., Oxman, A. D., ... & Sterne, J.
A. (2011). The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. Bmj, 343, d5928.

Ignacio, R. M., Kang, T. Y., Kim, C. S., Kim, S. K,, Yang, Y. C,, Sohn, J. H., Lee, K. J. (2013).
Anti-obesity effect of alkaline reduced water in high fat-fed obese mice. Biol Pharm Bull 2013;
36:1052-1059.

Jin, D, Ryu, S. H., Kim, H. W,, Yang, E. J., Lim, S. ], Ryang, Y. S., Chung, C. H., Park, S. K.,

Lee, K. J. (2006). Anti-diabetic effect of alkaline-reduced water on OLETF rats. Biosci Biotechnol
Biochem. 2006;70: 31-37

INTERNATIONAL JOURNAL OF ALLIED HEALTH SCIENCES, 4(3), 1285-1298 1297



EFFECTS OF ALKALINE WATER INTAKE ON HEALTH...

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Ggtzsche, P. C., Ioannidis, J. P., ... Moher,
D. (2009). The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration. PLoS
medicine, 6(7), €1000100. doi:10.1371/journal.pmed.1000100

Lum, M. (2018, October 10). The plagues of NCDs afflicting Malaysia.Star2 .com. Retrieved
from https :/ /www. star2.com/health /2018/10/10/non-communicable-diseases malaysia/

Schoppen, S., Pérez-Granados, A. M., Carbajal, A., Oubifia, P., Sinchez-Muniz, F. J., Gémez-
Gerique, J. A., & Vaquero, M. P. (2004). A sodium-rich carbonated mineral water reduces
cardiovascular risk in postmenopausal women. The Journal of nutrition, 134(5), 1058-1063.

Schoppen, S., Pérez-Granados, A. M., Carbajal, A., Sarria, B., Sanchez-Muniz, F. ]., Gémez-
Gerique, J. A., & Vaquero, M. P. (2005). Sodium bicarbonated mineral water decreases
postprandial lipaemia in postmenopausal women compared to a low mineral water.British

Shirahata, S., Kabayama, S., Nakano, M., Miura, T., Kusumoto, K., Gotoh, M., Hayashi, H.,
Otsubo, K., Morisawa, S., Katakura, Y. (1997). Electrolyzed-reduced water scavenges active
oxygen species and protects DNA from oxidative damage. Biochem Biophys Res Commun. 1997;
234:269-274.

Sterne, J. A.C., Hernan, M.A., Reeves, B.C., Savovi¢, ]., Berkman, N.D., Viswanathan, M., ... &
Higgins, ].P.T. (2016). ROBINS-I: a tool for assessing risk of bias in non-randomized studies
of interventions. BMJ; 355; i4919; doi: 10.1136/bm;.i4919

Tanaka, Y., Saihara, Y., Izumotani, K., & Nakamura, H. (2018). Daily ingestion of alkaline
electrolyzed water containing hydrogen influences human health, including gastrointestinal
symptoms. Medical gas research, §(4), 160.

Toxqui, L., Pérez-Granados, A. M., Blanco-Rojo, R., & Vaquero, M. P. (2012). A sodium-
bicarbonated mineral water reduces gallbladder emptying and postprandial lipaemia: A
randomised four-way crossover study. European journal of nutrition, 51(5), 607-614.

Tsai, C. F., Hsu, Y. W., Chen, W. K., Chang, W. H., Yen, C. C,, Ho, Y. C, Lu, F. J. (2009).
Hepatoprotective effect of electrolyzed reduced water against carbon tetrachloride-induced
liver damage in mice. Food Chem Toxicol. 2009; 47:2031-2036

Watanabe, T. (1995). Effect of alkaline ionized water on reproduction in gestational and
lactational rats. The Journal of toxicological sciences, 20(2), 135-142.

Weidman, J., Holsworth, R. E., Brossman, B., Cho, D.]., Cyr, J. S., & Fridman, G. (2016). Effect
of electrolyzed high-pH alkaline water on blood viscosity in healthy adults. Journal of the
International Society of Sports Nutrition, 13(1), 45.

Wynn, E., Krieg, M. A., Aeschlimann, J. M., & Burckhardt, P. (2009). Alkaline mineral water
lowers bone resorption even in calcium sufficiency: Alkaline mineral water and bone
metabolism. Bone, 44(1), 120-124.

INTERNATIONAL JOURNAL OF ALLIED HEALTH SCIENCES, 4(3), 1285-1298 1298



