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Study Need and Importance: Urinary alkalization is
a cornerstone in the medical management of patients
with low urine pH, usually associated with uric acid or
cysteine stones. Given the poor adherence to the main-
stay therapy (ie, potassium citrate) finding a more
practical, cost-effective therapeutic measure that facili-
tates an increase in urine pH would be beneficial. We
sought to evaluate the impact of alkaline water and 49
other beverages and supplements to evaluate their
alkali/citrate content and hence their potential to in-
crease urine pH. Five different brands of “high pH
and low mineral” bottled alkaline water were tested
at Litholink to determine the electrolyte and alkali
content. Additionally, a comprehensive review was
done to detail the alkali, sodium, and caloric content
of other over-the-counter beverages and supple-
ments. The cost for supplying the daily recommended
amount of alkali per month was determined for all
studied and reviewed substances, and a handout was
created to facilitate distribution of this information
in an office setting (Figure).

What We Found: High-pH, low-mineral alkaline
water was found to contain less than 1 mEq/L
of alkali. Alternatively, we have identified 11
specific beverages or supplements with signifi-
cantly higher alkali content, among which the
most cost-effective would be baking soda. These
options are capable of meeting the daily alkali
intake recommendations set by the AUA and the

European Association of Urology when consumed
in 2 to 3 servings.

Limitations: This study is not without limitations as
alkaline water was only tested in a laboratory via
biochemical analysis and not in human subjects.

Interpretation for Patient Care: The handout that
was created is intended not only for health care
providers, but also for patients. Our aim is to
educate the public regarding the optimal beverage
and supplement choices that may help increase
urine pH and enhance the overall adherence to a
therapeutic regimen for patients with uric acid and
cystine urolithiasis.

Figure. A preview of the comprehensive Figure in the article that
contains organic, diet, and stone prevention supplements/
beverages and their respective alkali content, sodium content,
calories, and cost per serving size.
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Purpose: The consumption of alkaline water, water with an average pH of 8 to 10,
has been steadily increasing globally as proponents claim it to be a healthier alter-
native to regular water. Urinary alkalinization therapy is frequently prescribed in
patients with uric acid and cystine urolithiasis, and as such we analyzed commer-
cially available alkaline waters to assess their potential to increase urinary pH.

Materials and Methods: Five commercially available alkaline water brands
(Essentia, Smart Water Alkaline, Great Value Hydrate AlkalineWater, Body Armor
SportWater, and Perfect Hydration) underwent anion chromatography and direct
chemical measurements to determine the mineral contents of each product. The
alkaline content of each bottle of water was then compared to that of potassium
citrate (the gold standard for urinary alkalinization) as well as to other beverages
and supplements used to augment urinary citrate and/or the urine pH.

Results: The pH levels of the bottled alkaline water ranged from 9.69 to 10.15.
Electrolyte content was minimal, and the physiologic alkali content was below 1
mEq/L for all brands of alkaline water. The alkali content of alkaline water is
minimal when compared to common stone treatment alternatives such as po-
tassium citrate. In addition, several organic beverages, synthetic beverages, and
other supplements contain more alkali content than alkaline water, and can
achieve the AUA and European Association of Urology alkali recommendation of
30 to 60 mEq per day with ! 3 servings/d.

Conclusions: Commercially available alkaline water has negligible alkali con-
tent and thus provides no added benefit over tap water for patients with uric acid
and cystine urolithiasis.

Key Words: urolithiasis, uric acid stones, alkalization,
complimentary therapies

ALKALINE water is an electrolyzed,
mineral-filled water that can be found
naturally in springs where water pas-
sage over rocks results in the dissolution
of minerals and an increase in alka-
linity. This natural process is intricate
and costly thereby precluding commer-
cial production. As such, manufacturers
have transitioned to using electrolysis to
alkalinize water, a mechanism through

which ionizers use electricity to sepa-
rate acidic and alkaline substitutes
from pure water. Upon the decompo-
sition of pure water, hydrogen and
oxygen gas are formed on the cathode
side and anode side, respectively.1 The
cathode and anode compartments are
separated by an impermeable mem-
brane that prevents the mixing of the
hydroxide ions on the cathode side and
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the hydrogen ions from the anode side, allowing for
the isolation of water with a pH between 8 and 10.2

High pH water, also referred to as alkaline water,
consumption has risen an average of 12.2% a year
globally since 2013; consumption is expected to in-
crease from 635 million L in 2018 to 2.2 billion L by
2023.3 Its rise in popularity can be attributed to
multiple research studies reporting potential advan-
tages associated with the intake of alkaline water. In
murine models, these benefits encompass heightened
antioxidant response, elevated telomerase activity,
elongated telomere length, and a reduction in the
number of reactive oxygen species.4 Regardless, the
exploration of alkaline water’s effects on human sub-
jects remains limited, with only a handful of studies
conducted. Notably, some of these studies have sug-
gested improved hydration, an increase in post-
exercise urine pH and increase in urine pH with high
mineral alkaline water.5,6 As a result of these studies
many companies and online platforms have capital-
ized on marketing all forms of alkaline water (eg,
commercially produced as well as true mineral water)
as having the ability to raise urine pH.7,8 To the best
of our knowledge, no study has previously evaluated
the potential use of commercially produced alkaline
water for alkalinizing the urine pH to benefit uric acid
and cystine urolithiasis.

The formation of stones in urolithiasis patients can
be heavily influenced by changes in urinary pH. Uric
acid stones invariably require a pH below 6 in order to
form, whereas cystine stones double in solubility as the
urine becomes more alkaline.9 Potassium citrate is
most often prescribed to patients with uric acid and
cystine stone urolithiasis to raise the urine pH.10 Due
to the frequency of administration, number and size of
tablets, cost and side effects, adherence to potassium
citrate tablet therapy is challenging for many pa-
tients.11 Finding a more practical, cost-effective
approach toward therapeutic measures that can both

facilitate an increase in urine pH while increasing fluid
intake is of great interest.

Accordingly, we sought to evaluate the potential
impact of 5 commercially available alkaline waters to
provide alkali content and potentially alkalinize the
urine pH. The alkali content of these 5 commercially
available alkaline waters was then contrasted with
the alkali content of previously studied beverages
and supplements.

METHODS
Five brands of bottled alkaline water were tested at
Litholink/Labcorp in Itasca, Illinois: Essentia, Smart
Water Alkaline, Great Value Hydrate Alkaline Water,
Body Armor SportWater, and Perfect Hydration (Table 1).
One bottle from each brand of bottled alkaline water un-
derwent testing twice over the span of a week to determine
the physiologic alkali content. The pH of each beverage was
measured using a pH electrode. Citrate and bicarbonate
were measured using ion chromatography (Table 2).

In addition, using the PubMed and Scopus databases, a
comprehensive review of the literature was performed using
the following keywords and phrases: “citrus fruit juice,” “or-
ange juice,” “lemonade,” “sodas,” “diet sodas,” “sport drinks,”
“coconut water,” “nephrolithiasis,” “kidney stones,” “urolith-
iasis,” “supplements,” and “over-the-counter therapies” in
order to review the previously determined alkali content of
various beverages and supplements promoted for reducing
the risk of lithogenesis (Supplementary Appendix A, https://
www.jurology.com). The alkali content of these beverages
and supplements was previously reported by outside litera-
ture using similar laboratory techniques (ie, ion chromatog-
raphy and direct chemical measurements). As such, these
values were compared to the tested samples of bottled alka-
line water. The cost of beverages, serving size, sodium load,
and caloric intake values for each drink were acquired
through each manufacture’s website and according to each
respective nutrition label. For those beverages where the
price was not listed on the manufacture’s website, prices
were obtained through retail websites such as Walmart
and Target. Since the price of products can differ based on
geographical location, this investigation lists prices spe-
cifically for Orange, California. Costs were reported in US
dollars with an index to March 2023. These determined
market prices were interpolated to calculate the cost to
achieve 30 mEq daily per month.

To account for the different factors within these bever-
ages that have an impact on stone formation, a visual
guide, in the form of a heat map, was created (Figure and
Supplementary Appendix B, https://www.jurology.com).
The color code used (green, yellow, orange, and red) com-
prises 4 distinct groups, based on their beneficial role on

Table 1. Summary of Ingredient Lists of 5 Brands of Bottled
Alkaline Water

Brand Summary of ingredient lists

Essentia NaHCO3, K2HPO4, MgSO4, and CaCl2
Smart Water Alkaline KHCO3, CaCl2, and MgCl2
Great Value K2CO3, KHCO3, MgSO4, and Na
Body Armor SportWater KHCO3, CaCl2, and MgCl
Perfect Hydration K2CO3, KHCO3, and MgSO4

Table 2. The pH and Organic Anions in 5 Brands of Bottled Alkaline Water

Essentia Smart Water Great Value Body Armor Perfect Hydration

pH 9.85 9.69 9.98 10.15 9.87
Citrate (mM) <4 <4 <4 6 <4
HCO3 (mM) <1 <1 <1 <1 <1
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lithogenesis prophylaxis (scaling from high to low/green to
red). Servings required per day was based on the number of
servings needed to achieve the 30 mEq/day minimum as
recommended by the AUA and the European Association of
Urology (EAU): green[ 2 to 3 servings per day, yellow[ 4
to 6 servings per day, orange[ 7 to 10 servings, and red[
> 10 servings per day. Sodium (Na) load values per serving
were separated by determining the following quartile
ranges: green [ fourth quartile (<10 mg), yellow [ third
quartile (10-35 mg), orange [ second quartile (35-65 mg),
and red [ first quartile (>66 mg). The caloric intake per
serving in each group were divided as follows: green [
0 cal, yellow[ < 50 cal, orange[ 50 to 100 cal, and red [
> 100 cal. Costs were then color coded to highlight the least
expensive to the most expensive options available: green
(<$1), yellow (<$10), orange (<$100), and red (>$100).

RESULTS
The pH of the 5 brands of alkaline water all had a
similar pH in a narrow range around 10 (Table 2) with
Body Armor SportWater having the highest pH
(10.15) and Smart Water Alkaline having the lowest
pH (9.69). Ingredient lists of each alkaline bottled
water are displayed in Table 1. No organic anions that
could be metabolized to alkali were identified in the
alkaline water other than a small amount of citrate
in Body Armor alkaline water. This result was unex-
pected given the bottle did not list citrate as an
ingredient. Nonetheless, the physiological alkali con-
tent in all brands remained below 1. It is worth noting
that although stated on the ingredient labels for 4 out

Figure. A list of organic, diet, sports, and stone prevention supplements/beverages and their respective alkali content, sodium content,
calories, and cost per serving size. This table can be downloaded as a patient handout via the QR code.
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the 5 brands of alkaline water, none of the waters
tested above the detection threshold for citrate.

Several of the reviewed alternative beverages and
supplements did contain the AUA and EAU recom-
mended daily alkali content of 30 to 60 mEq in 2 to 3
servings (highlighted in green in the Figure) with the
synthetic supplement sodium bicarbonate (ie, house-
hold baking soda) having the highest amount of po-
tential alkali of 17.4 mEq per serving; however, it also
had the highest sodium content at 400 mg per serving.
Welch’s white grape juice andMinMaid Lite Lemonade
were found to have the most calories at 140 calories
per serving. UrocitK, the most commonly prescribed
urolithiasis medication, had the highest cost, $3.93 per
serving. A list of all beverages and a summary of their
alkali content, sodium load, caloric intake, and cost per
serving are presented in the Figure.

DISCUSSION
With an unmodifiable genome and resultant meta-
bolic alterations, targeting the dietary aspect of
lithogenesis has become an important part of the
complex management of stone disease.10,12 An
adequate fluid intake that promotes production of at
least 2.5 L/d of urine, an increased intake of fruits
and vegetables with a limited intake of nondairy
animal protein, a normal calcium diet (ie, 1-1.3 g/d)
and a low salt diet (ie, 2-3 g/d) are several of the
dietary recommendations included in the AUA and/
or the EAU guidelines.9,13 Furthermore, Betz and
Penniston go into detail about the various classifi-
cations of food and their influence on potential renal
acid load and net acid production among individuals
with urolithiasis.14 This study along with others
regarding diet holds significance for uric acid and
cystine urolithiasis as it can provide valuable in-
sights into raising urine pH levels mitigating stone
formation risks through diet.14,15 More commonly,
potassium citrate has become widely prescribed due
to its ability to alkalinize the urine.12 Unfortunately,
the cumbersome thrice daily treatment regimen,
large tablets, gastrointestinal side effects, and cost
has led to a long-term adherence rate as low as
61%.4,11

It is easy to understand that the lay stone-forming
public might surmise that drinking an alkaline fluid,
with a pH around 10, would cause urinary alkalin-
ization; however, pH of the beverage is only one of the
determinants of the physiologic alkali load. At a pH of
10, water will have a hydroxyl (alkali) concentration of
0.1 mEq/L, trivial as compared to the typical daily
metabolic acid production of humans, which is in the
range of 40 to 100 mEq/d.14,16 In order to provide a
clinically significant alkali load, a beverage or food
must contain organic anions that create alkali when
metabolized.16,17 The alkaline waters we tested had
trace amount of minerals and organic anions, thus the

alkali load is limited to that provided as hydroxyl ions.
Although alkaline water contains little alkali content,
it may exhibit a more pleasant taste in comparison to
other types of water. Platikanov et al have demon-
strated that water with a moderate level of dissolved
solids and a higher pH was perceived as more favor-
able by participants when compared to tap water.18 As
such, while there seems to be no discernible advantage
in terms of increasing alkali content for uric acid or
cystine stone formers from consuming relatively
expensive alkaline water vs regular spring water, one
might argue that the increased palatability of alkaline
waters leads to an increased fluid intake, which has
been proven advantageous for those at risk of devel-
oping kidney stones.9,13 This is, however, beyond the
scope of the present study.

If alkaline water is of little benefit regarding
increasing the urine pH, is there a viable alternative to
potassium citrate tablets? Citrus fruit juices are an
effective and cost-efficient alternative to potassium
citrate, as they not only provide sufficient alkali, but
also increase fluid intake.19 Specifically, orange juice
consumption is associated with significant increases in
urine citrate and pH.20,21 Indeed, prior studies have
shown that among tested organic beverages, the alkali
content is highest in orange juice (Figure). Odvina
previously demonstrated that although lemonade may
be similar in terms of citric acid content, only orange
juice ingestion results in significant urine alkaliniza-
tion.21 Citrate in its protonated form of citric acid, as it
exists in lemonade, does not exert the alkalinizing ef-
fect on the serum pH and as such, its effect on the
proximal convoluted tubule sodium-citrate cotrans-
porter and urine alkalinization is minimal.10,19 It is
important to note that many of the organic beverages
reported in the Figure have a high caloric load and
hence the recommendation for diet orange juice.20

With sales of $166 billion in 2022, energy and sport
drinks are among the most popular beverages
consumed. Goodman et al evaluated the impact of 2
sport drinks, Performance and Gatorade on a group of
9 healthy subjects (Figure).22 They found that while
both energy drinks increase the urinary pH, the
change was only statistically significant in the Perfor-
mance group; however, the study group consisted of
only 16 participants none of whom ever had urolith-
iasis.22 As such, Performance is far from being an ideal
drink for treating uric acid or cystine nephrolithiasis,
especially given its high salt (ie, 130 mg sodium per
serving) and calorie (ie, 100 cal per serving) load.22

Coconut water has been shown to inhibit crystal
deposition in the renal tissue of rats pretreated with
ethylene glycol mixed water to promote crystal for-
mation.23 Saat et al showed that consuming coconut
water was more readily achieved in high quantities
as opposed to water or energy drinks for after-
exercise rehydration.24 These combined findings
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made coconut water a tempting supplement to
consider for nephrogenesis prophylaxis. In an earlier
study at our institution, coconut water consumption
among nonstone-forming adults had no alkalinizing
effect on the urine (Figure).25 To date, no study on
the effects of coconut water consumption on urolith-
iasis patients has been reported.

Lastly, there are recent developments in the area
of over-the-counter alkali solutions. These synthetic
powders usually include a combination of different
alkali salts that are meant to dissolve in water for
subsequent consumption as a beverage. Laboratory
analysis in previous papers demonstrated moderate
to high amounts of alkali content for multiple over-
the-counter supplements including KSP tabs and
Litho Balance (Figure).26-28

Of particular interest as a potential alkali solution
is the common household item, baking soda (ie, sodium
bicarbonate). Laboratory tests performed at Litholink/
LabCorp showed that a quarter teaspoon (315 mg) of
baking soda provides the highest mean alkali load of
17.4 mEq (Figure). At the same time, while the alkali
content of sodium bicarbonate shows great potential
for urinary alkalinization, the associated sodium load
raises concern (Figure). Over-the-counter supplements
containing a high sodium load, may not only cause an
increase in calcium excretion but also a decrease in
urinary citrate, thus potentially promoting litho-
genesis.26 Contrary to the foregoing hypothetical con-
cerns, Pinheiro et al reported that consumption of
sodium bicarbonate did not increase calcium levels in
the urine while providing for significant urinary
alkalinization.29 Of note, a full teaspoon of baking
soda has 1.259 g sodium; as such, the commonly
recommended regimen of one-quarter teaspoon in
the morning and one-half teaspoon in the evening

would add just under 1 g salt to an individual’s daily
diet. While it is widely accepted that a low sodium
diet is an intake of less than 2.0 g per day, according
to the Figure, patients may be able to potentially
manage a 30 mEq alkali intake of sodium bicarbon-
ate (630 mg sodium) for treatment of urine alkalin-
ization without potential ill effects.30

The present study is not without limitations. Spe-
cifically, the bottled alkaline waters herein reviewed
via biochemical analysis, may produce dissimilar ef-
fects when administered to uric acid or cystine stone-
forming patients. Clearly this would require a focused
clinical study to discern. Also of note, the charted
values need to be taken with “a grain of salt” as they
are largely based on bench top laboratory analysis of
the listed supplements and beverages. Lastly, even
in the case of a clinical setting, observations on the
tested supplements were based on a healthy patient
cohort rather than on documented uric acid or cystine
stone-forming individuals.

CONCLUSIONS
All 5 analyzed samples of commercially available alka-
line water provided scant alkali. Given this finding,
alkaline water should have a negligible effect on urinary
pH and on urinary citrate levels. Additionally, among a
broad range of alkali-containing beverages and supple-
ments, sodium bicarbonate was found to provide the
highest amount of alkali at the lowest cost, albeit with a
mild increase in dietary sodium load.
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EDITORIAL COMMENTS

Undoubtedly, many urologists have been asked to
comment on alkaline water in their clinic. It is a good
question, and to a patient, it makes perfect sense. “The
pH of my urine is too low. You prescribed me some-
thing to raise it? Why can’t I drink this? The pH is 10!”
Prescription alkalinizing agents, while the cornerstone
of medical stone therapy, have poor long-term adher-
ence (as low as 13%).1 It is fair for patients to seek an
alternative.

As the authors point out, the marketing of alkaline
water has outpaced its demonstrable efficacy.2 Its
limited benefit is a mere matter of chemistry. Key to
body’s citraturic response is the ingestion of organic
anions with their accompanying cations.3 Patients and
providers alike may fail to understand the difference
between pH (log measurement of HD concentration)
and alkalinity. Alkalinity measures the ability of solu-
tion to resist acidification and is dependent on a buffer
composed of weak acids and their conjugate bases.
Alkaline water can be extremely basic (high concen-
tration of OH-) with poor alkalinity due to the lack of

buffer anion/cations like citrate. Following ingestion,
the basicity of the solution would be immediately
neutralized in the stomach due to an abundance of HD

ions joining OH- ions to produce H2O (with no weak
acids to absorb the excess HD ions).

Another common office question is related to
apple cider vinegar. While it has a high concentra-
tion of organic anion (acetate), the low pH of vinegar
means that it mostly exists as acetic acid limiting its
alkalinizing potential. However, Zhu et al have
presented preclinical data suggesting daily vinegar
ingestion causes epigenetic changes in tubule ion
transporters generating a citraturic response.4

Ultimately, the provider must understand the
mechanisms behind alkalinization to guide the pa-
tient through the unscrupulous and obfuscating
world of complementary health product marketing.

Brett A. Johnson1

1Department of Urology, University of Texas Southwestern
Dallas, Texas
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In the mid-19th century, the French biologist Claude
Bernaud conducted an experiment during which the
urine of rabbits became acidic after a boiled beef diet.1

The pH of the beef itself had little to do with its effects
on urine pH. Muscle tissue, after all, is not acidic
while in the body nor upon extraction, after which it
might reach a pH nadir of 5.6 to 5.7. If it were only
about the pH of foods, acidic foods (ranging from
approximately 2-4 on the pH scale) such as vinegars,
kimchi, and plants from the genera Ribes (currants,
cranberries) and Citrus (oranges, lemons) would be
associated with overly acidic urine. But they are not.

It turns out that the pH of a food or beverage
matters little in its ability to affect urine pH. Rather,
what matters is the effect on renal acid-base homeo-
stasis of the conglomerate of a food’s specific amino
acids, organic acids, and other food factors.2 But sci-
ence has not stopped the massive “health” food and
bottled beverage industries from promoting high-pH
waters to people seeking better health. People are
drawn to these waters for various reasons, including
to alkalinize urine to prevent uric acid and cystine

kidney stones. Postpandemic sales of so-called alka-
line waters will exceed $1.3 billion in 2023.3

The current study demonstrates that high-pH wa-
ters are not necessarily alkaline nor capable of raising
urine pH.4 Only waters providing significant amounts
of bicarbonate precursors in the form of certain organic
anions can do so. The authors assessed 5 popular
brands of bottled “alkaline” waters for ingredients, pH,
and organic anions and used the results as a platform
for a larger and much-needed discussion on urinary
alkalinization. These data, along with the authors’
downloadable beverage “guide” will be helpful in dis-
cussing the concept of alkaline waters with patients.
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The cost of prescription medication therapy for urinary
alkalinization continues to rise and is one factor that
contributes to poor long-term adherence for kidney
stone prevention.1 Patients are interested in nonpre-
scription over-the-counter alternatives, and it is impor-
tant for urologists to be familiar with them.2 It is
necessary to determine the benefit of these products
since advertised claims are not monitored by the Food
and Drug Administration. Alkaline water has gained
popularity in recent years, with claims of health benefits
and a common assumption is the capability to alkalinize
urine. The authors analyzed commercially available
alkaline water for alkali content and concluded that
they contain negligible alkali content (<1mEq/L) that is
inadequate for urinary alkalinization for kidney stone
prevention, especially for uric acid and cystine stone
formers who typically need 30 to 60 mEq/d.3 This article
is a significant contribution, and the authors should be
applauded for providing evidence that alkaline water
does not provide benefit over tap water in this regard.

As pointed out by the authors, some patients may
prefer the taste of alkaline water and it will help

those patients reach fluid intake goals; however, they
should be advised there is no additional preventive
benefit. There are several other alternative over-the-
counter options available for urinary alkalinization,
and in the Figure in the article the authors have pro-
vided an excellent resource of different beverages/
supplements (alkali content, sodium content, calories,
and cost per month for 30 mEq/d alkali).3 We should
counsel patients to limit beverages with calories and
high sodium chloride content. Another consideration is
the environmental impact of single-use plastic water
bottles, and patients should be encouraged to use
reusable containers to meet hydration goals. This
article highlights that tap water should be encouraged,
especially when it comes to bottled alkaline water as it
has been determined to be hype for urinary alkalin-
ization and kidney stone prevention.

Necole M. Streeper1
1Department of Urology, Medical College of Wisconsin, Milwaukee,
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