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Background: The outcomes of urine alkalization with alkaline water supplementation vary greatly across 
studies and therefore remain inconclusive, probably arising from differences in study design, ethnic group, 
and source of alkaline water, which needs further clarification. With a systematic review of literature, 
followed by an empirical observation among healthy Chinese volunteers, we aimed to investigate the 
outcomes of urine alkalization with alkaline water vs. daily drinking water, and whether these outcomes are 
intersected by certain factors such as gender and body mass index (BMI). 
Methods: We conducted a literature search of related studies on alkaline water supplementation and urine 
pH using the PubMed, Embase, Medline and Cochrane Library databases. The publication bias was assessed 
with inverted funnel plotting. Chi-square-based Q-test and I2-statistic test were used to examine the data 
heterogeneity. The studies were evaluated for quality using the Cochrane risk of bias tool or Newcastle-
Ottawa Scale (NOS). The meta-analysis was followed by a study in healthy volunteers. As per protocol, all 
subjects remained on regular drinking water for one week and were switched to alkaline water for the next 
week. Urine pH was measured thrice daily and averaged. The mean urine pH values in the first and second 
weeks were compared for all subjects. Alkalization gains in urine pH (AGU-pH) was computed to determine 
the outcome of alkaline water supplementation in relation to baseline urine pH. 
Results: Our systematic review of literature yielded limited data about the effect of alkaline water on urine 
pH. Despite an increase in urine pH after supplementation of alkaline water as indicated by the random-
effect model, a high heterogeneity across the included studies (I2=94%, P<0.001) precluded a robust 
determination. In our volunteer study, alkaline water led to elevation of urine pH from baseline in 84.9% 
of all subjects or by BMI stratification. Effective urine alkalization was noted in males but not in females. 
Subjects who presented effective urine alkalization had significantly lower baseline urine pH compared with 
those who did not (5.94±0.27 vs. 6.22±0.22, P=0.0016). The negative correlation between AGU-pH and 
baseline urine pH (r=−0.236, P=0.044) and receiver operating curve (ROC) analysis suggested that subjects 
with more “acidic” urine, particularly those with a baseline urine pH ≤6.0 (maximum Youden index =1.548, 
cut-off =5.977), could show more pronounced outcome of urine alkalization from oral alkaline water. 
Conclusions: Our meta-analysis and human subjects study revealed that alkaline water supplementation 
may be useful for urine alkalization, particularly in individuals with a lower urine pH. The outcomes seem 
not significantly pronounced in females, although more efforts warranted for validation. Short-term use of 
alkaline water is well-tolerated and not associated with over-alkalization of the urine.
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Introduction

Globally, urolithiasis has been reported to affect 1–5% of 
Asians, 5–9% of Europeans, and 7–13% of North Americans 
(1-3). Among these, uric acid (UA) calculi account for 
8–10% of all cases and are more predominant in regions 
with hot climates due to supersaturation and crystallization 
of the urine (4). Along with evolving socioeconomics and 
lifestyle in recent decades, the prevalence of UA calculi has 
been on the rise (5).

Studies have shown that formation of UA stones is 
strongly propelled by presence of acidic urine (6,7), and 
thus can be prevented by promoting the urine pH to 
alkaline range (8,9). Use of sodium bicarbonate is a common 
option for urine alkalization in patients with UA calculi, 
but not justified for regular use in normal individuals as a 
prevention, considerably due to gastrointestinal disturbance. 
On the other hand, a dietary approach could be more 
acceptable for this purpose (8,10-13). Based on the acid–ash 
hypothesis, oral use of alkaline water has been attempted 
to provide more alkaline ions after metabolism. In a 
randomized trial, supplementation of alkaline water led to 
minimal increase in systemic pH by 0.014 units compared 
to that in urine pH by 1.02 (14). 

However, there seems to be a paucity of reliable data 
about the effect of alkaline water on urine pH. Amid the 
sparse research interest on this topic, the outcomes of urine 
alkalization with alkaline water supplementation vary greatly 
across studies and therefore remain inconclusive, probably 
arising from differences in study design, ethnic group, and 
source of alkaline water. These need further clarification. 
It also remains unclear whether the mixed findings were 
complicated by certain factors like gender and obesity, as 
this has not been reported. In addition, the outcomes of 
alkaline water supplementation have rarely been evaluated 
in a study among Chinese, if any. 

To e luc ida te  the  use fu lness  o f  a lka l ine  water 
supplementation in urine alkalization, we aimed to perform 
a systematic literature review of relevant studies exploring 
the association between alkaline water supplementation and 
urine pH. Moreover, we aimed to further contribute to the 
literature by conducting an empirical observation on urine 

alkalization with alkaline water vs. daily drinking water 
among healthy Chinese volunteers. We hypothesized that, 
a priori, gender and body mass index (BMI) in relation to 
physiology and metabolism of the body, may have a role in 
the outcomes of alkaline water supplementation. We present 
the following article in accordance with the PRISMA 
and STARD reporting checklists (available at https://tau.
amegroups.com/article/view/10.21037/tau-22-280/rc).

Methods

Systematic review and meta-analysis

Literature search strategy
Prior to our study in human volunteers, a systematic review 
and meta-analysis was conducted to assess the effect of 
alkaline water on urine pH, in accordance to the Preferred 
Reporting Items for Systematic Reviews and Meta-analysis 
(PRISMA) guidelines (15).

A systematic literature search using the PubMed, 
Embase, Medline and Cochrane Library databases was 
performed to identify relevant studies on alkaline water 
supplementation and urine pH, from inception to February 
01, 2021. The search terms were (“alkaline water” OR “AK 
water”) AND “urine pH”. The publication language was 
restricted to English. Reference lists of the relevant studies 
were also checked to identify potential records. 

Patient, intervention, comparison, outcome, and study 
design (PICOS) question
A question was formulated according to the PICOS 
framework to guide the review in this study: does alkaline 
water supplementation (Intervention) increase the urine pH 
(Outcome) of human (Patient) compared with those who 
drink regular table water (Comparison)?

Inclusion and exclusion criteria
The included studies were restricted to controlled 
trials exploring the association between alkaline water 
supplementation and urine pH published in English 
language. Other publication types, including abstracts, case 
reports, proceedings, reviews, and animal experiments were 
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excluded. Duplicate publications or studies with potential 
data overlap, as well as those with nonignorable missing 
data, were also considered ineligible. 

Quality assessment and data extraction
The level of evidence (LOE) of all included studies was 
assessed based on the criteria developed by the Oxford 
Centre for Evidence-based Medicine in 2009. The quality 
of randomized controlled trials (RCTs) was evaluated using 
the Cochrane risk of bias tool, and the Newcastle-Ottawa 
Scale (NOS) was applied for the quality of non-RCTs. 

The data extracted from the included studies were as 
follows: first author, year of publication, study country, 
target population, study duration, research methodology, 
characteristics of participants, and related outcomes. When 
necessary, the authors of these studies were contacted for 
further information.

The search and selection of relevant studies, quality 
assessment and data extraction were performed by two 
reviewers independently. All between-reviewer discrepancies 
were reconciled through group discussion.

Our meta-analysis  was processed with RevMan 
software (version 5.3; Cochrane Collaboration, Oxford, 
UK).  Summarized standardized mean differences 
(SMDs) of pooled data with 95% confidence intervals 
(CIs) were calculated to assess the outcomes of alkaline 
water supplementation on urine pH. Chi-square-based 
Q-test and I2-statistic test were used to examine the 
statistical heterogeneity among included studies (16). If no 
heterogeneity existed (P>0.10), the fixed-effect model was 
used; otherwise, the random-effect model was employed. 
The tests for significance were two-sided. Publication bias 
among included studies was assessed with inverted funnel 
plotting. 

The pre-post comparison in human volunteers

Study population
Several months after completion of our meta-analysis, 
we tentatively approached 100 medical students from 
Guangzhou Medical University to be recruited as healthy 
volunteers in early October of 2021. Among these, there 
were 51 males and 49 females, with a male-to-female ratio 
close to 51.25% vs. 48.76% as released by the Chinese 
Population Census 2021. Given the paucity of reference 
data on this topic, our consideration for initial sample size 
(n=100) was based on the total number of subjects included 
in all studies we meta-analyzed (n=94, see below). In 

addition, the normal range of urine pH in healthy subjects 
(5.5 to 7.5), measured to the nearest 0.1, corresponds to a 
spectrum of twenty 0.1-pH units, such that we speculated 
that 100 subjects with 51 males and 49 females (nearly 
2.5-fold of twenty) could be suitable. Furthermore, as a 
convenience sample, the initial sample size of 100 healthy 
subjects was considered proper, regarding the number of 
students readily available in our institution who would 
be voluntary but not obliged to participate in a human 
study. The inclusion criteria were (I) aged ≥18 years old; 
(II) habitually on a regular balanced diet; (III) willing to 
comply with our study protocol, in particular, the daily 
measurement of urine pH. The exclusion criteria were (I) 
urinary system malformation; (II) active or uncontrolled 
urinary tract infection; (III) urolithiasis, pregnancy, diabetes 
and parathyroid disorders; (IV) projected menstrual 
period (for females) or having any known health problems 
that could interfere with urine pH measurements during 
the study; (V) uncertainty in maintaining a stable diet 
throughout the study. After careful screening of potential 
participants by interviews and physical checkup, our final 
study sample consisted of 73 healthy volunteers according 
to the inclusion and exclusion criteria, comprising 50 males 
and 23 females. This human subjects study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by the First Affiliated 
Hospital of Guangzhou Medical University (No. GMU-
2020-163) and informed consent was taken from all 
individual participants. 

Alkaline water supplementation and outcome measures
The human volunteers study was conducted in two sessions 
from 21 October to 3 November, 2021, lasting a total of 
2 weeks. In the baseline session (days 1–7, from 21 to 27 
October, 2021), the subjects remained on daily consumption 
of normal tap water (H2O). In the experiment session  
(days 8–14, from 28 October to 3 November, 2021), 
alkaline water was exclusively used for fluid intake (pH 
8.0–9.0). The major components of the alkaline water 
source used in this study were: (I) Metasilicic acid (H2SiO3)  
≥1 0  m g / L ;  ( 2 )  N a +,  9 3 – 1 5 0  m g / L ;  ( 3 )  H C O 3

− ,  
247–350 mg/L. Throughout the study, the volunteers 
were instructed to remain on water intake following their 
daily habit or investigation protocol (depending on study 
sessions), to refrain from strenuous or intensely sweating 
exercises, and to keep a diary on their diet for investigators’ 
perusal. Acidic drinks, fruit juice and any food that may 
affect the urine pH were not allowed. 



Translational Andrology and Urology, Vol 11, No 5 May 2022 713

© Translational Andrology and Urology. All rights reserved.   Transl Androl Urol 2022;11(5):710-719 | https://dx.doi.org/10.21037/tau-22-280

On entering the study, the subjects were measured for 
body weight and height. BMI was calculated as body weight 
(kg) divided by squared height (meter), to the nearest 0.1. 
According to manufacturer’s instructions, urine pH was 
determined thrice per day (in the first morning sample, at 
2 o’clock in the afternoon, and at 8 o’clock in the evening) 
using a pH meter, to the nearest 0.1 (SevenDirect SD20, 
Mettler-Toledo Inc, USA); then the mean value was 
specifically computed for that study day. The mean urine 
pH during the baseline session was defined as baseline urine 
pH, while that during the experiment session was defined as 
alkalized urine pH. Alkalization gains in urine pH (AGU-pH)  
was defined as alkalized urine pH minus baseline urine pH. 
Effective urine alkalization, corresponding to the favorable 
outcome of alkaline water supplementation, was determined 
when an AGU-pH >0 was noted and found to be statistically 
significant in any given participant.

Any adverse events with alkaline water supplementation 
during the experiment session, including appetite loss, 
dyspepsia, and abdominal discomfort, were recorded.

Statistical analysis
Of all subjects, quantitative data including age, BMI, 

and pH value, were expressed as mean ± SD. The mean 
urine pH values were compared between the baseline 
and experiment sessions by paired t-test. The association 
between AGU-pH and baseline urine pH was evaluated 
with Pearson’s product-moment correlation, yielding a 
product-moment correlation coefficient. The optimal cut-
off value of baseline urine pH in relation to effective urine 
alkalization was determined using receiver operating curve 
(ROC) analysis with calculation of Youden index. Two-
sided P value <0.05 was deemed statistically significant. All 
statistical analyses in human volunteers were performed 
using R software (R 3.4.4).

Results

A total of four studies (17-20) with 94 subjects were 
included in our meta-analysis (Figure 1) of literature prior to 
human volunteer study. Among them, two were RCTs and 
two were self-controlled studies. The durations of alkaline 
water supplementation ranged from one to four weeks in 
these studies. With a high degree of heterogeneity detected 
across studies (I2=94%, P<0.001), the random-effect model 
was applied for the meta-analysis. Results of the meta-

Figure 1 Flow-chart of literature review for meta-analysis.
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analysis showed that supplementation of alkaline water 
could significantly increase the urine pH (SMD =2.04, 95% 
CI: 0.31 to 3.76, P=0.02) (Figure 2). No obvious publication 
bias was detected by inverted funnel plotting (Figure 3).

However, the quality of these four articles was considered 
poor (LOE III or IV). Either random sequence generation 
or allocation concealment was not clearly reported in the 
RCTs. The two non-RCTs were rated as high risk of bias 
(NOS score <5). Small sample size was a common problem, 
as reflected by the total number of subjects (n=94) from 
all of the included studies. None of these studies took 
into consideration the potential effect of BMI or gender. 
Chinese participants were not included as the whole study 
population or part of study cohorts, either.

Our study population included a total of 73 volunteers, 
aged 18 to 25 years old (mean: 20 years old). The baseline 
characteristics of the volunteers are presented in Table 1. Of 
these subjects, 50 were men (68.5%) and 23 were women 
(31.5%). There were 12 (16.4%) subjects with a BMI ≥25.0 
and 10 (13.7%) with a BMI <18.5, while the large majority 
[51 (69.9%)] had a BMI ranging from 18.5 to 24.9. 

For each subject, positive AGU-pH was noted by 
comparing the alkalized urine pH to baseline urine pH 
via t-test. Subgroup analysis stratified by gender and BMI 
indicated that the outcome of urine alkalization (baseline 
vs. alkalized urine pH value) was more pronounced in 
males (6.12±0.39 vs. 6.50±0.34, P<0.001) than in females 
(6.22±0.53 vs. 6.50±0.43, P=0.058), but did not differ 

Figure 2 Forest plots of ORs with 95% CI for alkaline water supplementation. OR, odds ratio; SD, standard deviation; 95% CI, 95% 
confidence interval.

Figure 3 Funnel plot assessing risk of publication bias (plotting 
standardized mean difference in urine pH vs. the standard error of 
the mean difference).

Table 1 Characteristics of the volunteers in this study (n=73)

Characteristic Value

Age, years (mean ± SD) 20±2.74

Gender, n (%)

Male 50 (68.5)

Female 23 (31.5)

BMI, n (%)

≥25 12 (16.4)

18.5–25 51 (69.9)

<18.5 10 (13.7)

SD, standard deviation; BMI, body mass index.

0.0

0.2

0.4

0.6

0.8

1.0

1.2

S
ta

nd
ar

d 
er

ro
r

–5                  0                    5                  10
Standardized mean difference



Translational Andrology and Urology, Vol 11, No 5 May 2022 715

© Translational Andrology and Urology. All rights reserved.   Transl Androl Urol 2022;11(5):710-719 | https://dx.doi.org/10.21037/tau-22-280

significantly across BMI subgroups (Table 2). In other 
words, statistically significant increases in urine pH after 
supplementation of alkaline water were observed in 
underweight, normal, or overweight/obese subjects (all 
P<0.01). 

Of all subjects, 62 (84.9%) presented effective urine 
alkalization (AGU-pH >0 and P<0.05). Noteworthily, 
subjects who presented effective urine alkalization had 
lower baseline urine pH compared with those who did not 
(5.94±0.27 vs. 6.22±0.22, P=0.0016) (Table 3). This finding 
suggested that the outcome of urine alkalization might be 
related to the baseline urine pH. For further confirmation, 
the Pearson’s product-moment correlation analysis was 
performed, which demonstrated a negative correlation 
between AGU-pH and baseline urine pH (r=−0.236, 
P=0.044) (Figure 4). This observation seemingly pointed 
to a clue that effective urine alkalization was more likely 
to achieve in subjects with “more acidic” urine. In fact, as 
shown by distribution histogram of baseline urine pH value 
(to the nearest 0.1 units), almost all subjects who did not 
experience effective urine alkalization had a baseline urine 

Figure 4 Alkalization gains in urine pH in relation to baseline 
values. AGU-pH, Alkalization gains in urine pH. Alkalization 
gains in urine pH after alkaline water supplementation, defined as 
alkalized urine pH minus baseline urine pH. Pearson’s product-
moment correlation analysis suggested that lower baseline urine 
pH was related to higher gains in urine pH (r=−0.236, P=0.044), 
hence greater promotion of the “acidic” urine pH towards alkaline 
range. 

Table 3 Urine pH values in volunteers with and without effective urine alkalization 

Effective urine alkalization Baseline urine pH Alkalized urine pH n

Yes 5.94±0.27 6.52±0.28 62

No 6.22±0.22 6.58±0.34 11

P value 0.0016** 0.5555

Data were presented as mean ± SD and processed by t-tests. **, P<0.01. SD, standard deviation.

Table 2 Subgroup analysis on the outcomes of urine alkalization by gender and BMI

Baseline urine pH Alkalized urine pH AGU-pH P value

Gender

Male 6.12±0.39 6.50±0.34 0.57±0.15 <0.001***

Female 6.22±0.53 6.50±0.43 0.50±0.15 0.0575

BMI

≥25 6.02±0.40 6.52±0.44 0.51 ±0.14 0.0086**

18.5–25 6.27±0.45 6.51±0.37 0.57±0.16 0.0042**

<18.5 6.04±0.32 6.43±0.28 0.51±0.14 0.0094**

Overall 5.98±0.28 6.52±0.29 <0.001***

Data were presented as mean ± SD and processed by paired t-tests. There was no significant difference in alkalized urine pH between 
males and females, or across all BMI subgroups (P>0.05). **, P<0.01; ***, P<0.001. SD, standard deviation; BMI, body mass index; AGU-
pH, alkalization gains in urine pH.
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pH >6.0 [Youden index(max) = 1.548, cutoff value of urine 
pH =5.977] (Figure 5A,5B). 

It is noticeably that the mean alkalized urine pH value 
was 6.50±0.34 in males, 6.50±0.43 in females, 6.43 to 6.52 
in subjects with any BMI, and 6.50±0.29 in the entire study 
population (all P>0.05). The mean alkalized urine pH value 
also did not vary between subjects with and without effective 
urine alkalization (6.52±0.28 vs. 6.58±0.34, P=0.5555). 
These findings suggested that the 7-day supplementation of 
alkaline water with the formulation described in our study 
resulted in a similar range of alkalized urine pH, and did 
not lead to over-alkalization that adversely favors formation 
of calcium- or phosphate-containing stones. 

None of the volunteers in this study reported any adverse 
event during the experiment session with alkaline water 
supplementation. 

Discussion

Studies have shown the benefits of alkaline water in 
gastroesophageal reflux (21,22), certain cancers (23,24), and 
in reducing the blood viscosity (25). Athletes supplemented 
with alkaline water after high-intensity interval exercises 
were found to experience favorable changes in hydration 
status with lower urine specific gravity, higher urine 
pH, and more efficient use of lactates (20,26). However, 
favorable outcomes of urine alkalization by alkaline water 

supplementation, perceived as a dietary prevention against 
UA calculi, largely remains indefinite.

To shed light on the current opinions, we conducted a 
systematic review of literature on this topic. Pertaining to 
our search strategy, unfortunately, relevant data appeared 
fairly limited about the outcomes of alkaline water on urine 
pH. Despite an increase in urine pH after supplementation 
of alkaline water as indicated by the random-effect model, 
only four controlled studies were included in our meta-
analysis, obviously with a high heterogeneity that precludes 
a robust determination. Such heterogeneity may arise from 
differences in study population, design, or ethnic group, 
and more importantly, the source of alkaline water. This 
dilemma rendered our subsequent investigation in human 
volunteers needed.

Overall, we identified effective urine alkalization after 
alkaline water supplementation, as reflected by positive 
gains in urine pH from baseline (AGU-pH >0 and P<0.05), 
in the large majority (84.9%) of our study population 
consisting of 73 healthy non-athlete Chinese subjects. Such 
a favorable outcome was not affected by BMI. Interestingly, 
on an individual basis, effective urine alkalization was 
determined largely in subjects with an imputed baseline 
urine pH ≤6.0. The negative correlation between AGU-
pH and baseline urine pH indicated that subjects with 
“more acidic” urine were more likely to show effective 
urine alkalization after drinking alkaline water, compared to 

Figure 5 Histogram showing distribution of baseline urine pH in volunteers with and without effective urine alkalization and optimal cutoff 
of baseline urine pH. (A) Effective urine alkalization was defined when a positive AGU-pH was noted and found to be statistically significant 
in any given participant. (B) Cutoff value of baseline urine pH assessed by ROC curve. AGU-pH, Alkalization gains in urine pH; ROC, 
receiver operating curve. 
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those with higher baseline urine pH. As this can be further 
interpreted, preventing UA calculi by supplementation of 
alkaline water is not always justified for all but should be 
considered only in selected cohorts, such as individuals with 
a lower urine pH.

Our gender-based subgroup analysis showed that only 
male subjects showed favorable outcomes from alkaline 
water supplementation. At a first glance, it was speculated 
that this could be due to the higher urine pH in normal 
women compared with men (27). On second thought, the 
fewer females compared with males (31.5% vs. 68.5%) 
in this study could be a confounding factor. As per our 
protocol, we excluded females with a menstrual period 
projected to occur during the 2-week human study, to 
avoid interference with urine pH measurements. The lower 
inclusion rate of females (23 out of 49, 46.9%) could be 
explained by the theoretical probability of exclusion (50.0%) 
based on the designed study duration and the mean cycle of 
menstruation (14 vs. 28 days). We have to inform that this 
was not foreseen at study design. Despite these, to the best 
of our knowledge, no study has looked at gender difference 
in the effect of alkaline water on urine pH. Future studies 
are therefore needed for further clarification. 

In contrast to regular drinking water, alkaline water (pH 
8.0–9.0) is usually believed to have an acid-neutralizing 
action in the body (28). In fact, the role of alkaline water 
in urine alkalization does not rely merely on alkaline 
substances it contains, but also on various biochemical 
processes, such as acid-base interaction in the stomach, 
bioavailability, renal function, as well as contents of natural 
minerals that give rise to negative redox potential favoring 
an antioxidant action (29). As stated above, discrepancy in 
published studies may be partly attributed to the source 
of alkaline water. Artificial products aside, natural alkaline 
water sources vary widely in mineral levels and thus cannot 
account for a consistent effect on urine pH (30). Further 
research on urine alkalization using alkaline water in 
humans is expected to take these factors into consideration.

The mineral-rich alkaline water used in our study was 
harvested kilometers deep beneath the Keluo-Wudalianchi-
Erkeshan cenozoic volcanic rock belt with a remote 
geological age. Our study showed good safety profiles with 
short-term supplementation of alkaline water from the 
described source. In all subjects, the resultant urine pH after 
drinking alkaline water for seven days seemed to be within 
a range that could not be construed as over-alkalization, 
regardless of baseline urine pH or final outcomes of urine 
alkalization. 

Several limitations in the present study need to be 
acknowledged. Firstly, the number of volunteers enrolled 
was relatively small. A study with larger sample size should 
not only increase the statistical power but also offer 
more convincing results. Secondly, our human study was 
conducted in a short duration and therefore could not 
account for long-term preventive attempts. Likewise, urine 
pH is strongly affected by temperatures and climates, which 
prompts for a need for repeated study in different seasons, 
especially during the summer. Thirdly, certain confounders, 
such as urine output, renal function and metabolic rate were 
not addressed. Moreover, while gender was likely linked to 
the outcome of urine alkalization and hence the AGU-pH 
or baseline urine pH, the small sample size and relatively 
lower proportion of females in this study disabled the 
reliability of a multivariate regression to account for this. 
Adjusting for these confounders, and including more factors 
into a regression model to develop a prediction model and 
determine the cut-off value based on the model scores, 
should be encouraged in future studies. In the context 
of these caveats, our findings should be interpreted with 
prudence.

In summary, alkaline water supplementation can be 
useful for urine alkalization. Drinking alkaline water as 
a prevention against UA calculi may be suitable only for 
individuals with a lower baseline urine pH (≤6.0). Short-
term use of alkaline water is well-tolerated and not 
associated with over-alkalization of the urine. There seems 
to be a gender difference in the outcome of alkaline water 
supplementation, despite more efforts warranted to validate 
our findings.
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