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Abstract

Alkaline water is increasingly marketed for musculoskeletal and recovery benefits, yet its
relevance to healthy aging, sarcopenia prevention, and functional capacity in older adults
remains largely unexplored. This systematic evidence map and translational appraisal
examined whether the available comparative human evidence on alkaline water is applica-
ble to aging populations and longevity research. Following PRISMA guidance, PubMed
and Scopus were searched from January 2005 to September 2025. Eligible studies were
controlled or comparative observational human studies reporting muscle strength, physical
performance, or recovery outcomes. Risk of bias was assessed using RoB 2, ROBINS-I, and
JBI criteria; evidence certainty was judged narratively using GRADE-informed principles.
Ten studies met the inclusion criteria. Most enrolled young athletic populations; only two
had partial relevance to aging cohorts. Crucially, no study included participants aged
65 years or older or assessed primary sarcopenia-relevant endpoints such as appendicular
lean mass, gait speed, or chair-rise performance; this total absence of data in the target
demographic represents the central limitation of the current literature. Risk of bias ranged
from some concerns to serious. The most consistent signals were short-term improvements
in lactate clearance and perceived exertion in young male athletes. Evidence for strength,
functional performance, and safety in older adults was absent or indirect. Current evidence,
rated low to very low certainty for aging-relevant outcomes, does not support alkaline
water as an evidence-based strategy for healthy aging or muscle preservation in older
adults. Age-appropriate trials using EWGSOP2-aligned outcomes are urgently needed.

Keywords: alkaline water; healthy aging; sarcopenia; muscle function; functional capacity;
older adults; hydration; longevity; systematic review; risk of bias

1. Introduction
1.1. Muscle Health and Age-Related Decline

Skeletal muscle makes up about 40% of body weight in healthy adults and is the body’s
largest protein store [1,2]. Maintaining muscle mass and strength is essential throughout
life. It affects independence, quality of life, and mortality risk [3,4]. Unfortunately, muscles
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naturally decline with age. People gradually lose muscle mass, strength, and function,
especially after age 40 [5,6].

This age-related decline occurs through several interconnected biological changes.
Levels of key anabolic hormones—such as testosterone, growth hormone, and insulin-
like growth factor 1—gradually decrease. At the same time, inflammatory markers like
Tumor Necrosis Factor-alpha (TNF-alpha) and Interleukin-6 (IL-6) rise, contributing to
a chronic low-grade inflammatory state. Oxidative stress also increases as free radicals
accumulate faster than the body can neutralize them. Mitochondrial function becomes
less efficient, reducing the cells’ ability to produce energy. In addition, aging leads to the
loss of motor units, which weakens the connection between nerves and muscle fibers and
further accelerates muscle decline [2,7,8]. Compounding these biological changes, habitual
physical activity declines markedly with advancing age. Reduced engagement in both
aerobic and resistance exercise further limits anabolic stimulation of muscle, accelerates the
loss of type II fiber size and number, and impairs neuromuscular recruitment patterns [9].
This bidirectional relationship between physical inactivity and muscle deterioration creates
a vicious cycle that substantially amplifies the biological drivers of sarcopenia in older
adults and underscores the importance of modifiable lifestyle factors, including nutrition
and hydration, in counteracting age-related muscle loss. When this decline becomes more
pronounced, it can progress to sarcopenia— a clinical syndrome marked by substantial
loss of muscle mass and strength. Sarcopenia was formally recognized as an independent
clinical condition in 2016 with the assignment of a dedicated International Classification of
Diseases, 10th Revision (ICD-10) code [3]. Globally, it affects an estimated 10–16% of older
adults and is associated with a higher risk of falls, fractures, functional impairment, and
even mortality [4,6].

The decline in muscle health with age involves far more than simply losing protein
or mass. Muscle quality also deteriorates due to the accumulation of fat and connective
tissue within muscle fibers, a reduction in both the size and number of type II fibers,
disruptions in the organization of myofilaments, and impairments in excitation–contraction
coupling [5,7,10]. These changes lead to strength loss that is disproportionately greater
than muscle mass loss, highlighting the need for multifaceted strategies to preserve muscle
function [2,11].

1.2. Nutritional Influences on Muscle Health

Nutrition plays a fundamental role in muscle health. Evidence shows that adequate
protein, vitamin D, antioxidants, and omega-3 fatty acids all support muscle function [12].
Protein is the strongest dietary stimulus for muscle protein synthesis, and current guidelines
suggest that older adults require higher daily intake—typically 1.2 to 1.6 g/kg/day—to
counteract age-related anabolic resistance [13,14]. Vitamin D deficiency, which is common
among older individuals, has been linked to muscle weakness and an elevated risk of falls;
supplementation may help maintain muscle mass and improve physical performance [15].

Antioxidant nutrients also play an essential role by reducing exercise-induced oxida-
tive stress and the chronic inflammation associated with aging—both of which accelerate
muscle breakdown [12,16]. Long-chain omega-3 fatty acids also benefit muscle through
anti-inflammatory effects and by potentially stimulating protein synthesis pathways [17].
Dietary patterns rich in plant-based phytochemicals, such as polyphenols, may further
help preserve muscle mass and function through their combined antioxidant and anti-
inflammatory effects [12,18].

Beyond individual nutrients, emerging research suggests that the body’s acid–base bal-
ance may influence muscle health [19,20]. Modern Western diets tend to be acid-producing,
contributing to chronic low-grade metabolic acidosis [21]. This acidic internal environment
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may promote muscle protein breakdown while inhibiting protein synthesis—conditions
that favor muscle loss [21]. In contrast, diets that promote alkalinity have been proposed to
potentially support the preservation of muscle mass by offering some degree of buffering
capacity against metabolic acidity, although the clinical significance of this effect remains
speculative and has not been established in well-controlled human trials [22].

An important physiological caveat applies here. The human body maintains arterial
blood pH within a tightly regulated range of approximately 7.35 to 7.45 through integrated
respiratory and renal buffering mechanisms. Respiratory regulation adjusts CO2 excretion
within seconds to minutes, while renal mechanisms modulate bicarbonate reabsorption
and acid excretion over hours to days [21]. These homeostatic systems are highly robust,
and under normal circumstances, exogenous alkaline intake does not meaningfully shift
systemic blood pH. Claims that alkaline water “changes the body’s acidity” are therefore
inconsistent with basic human physiology and should be interpreted with caution. Any
biologically plausible effects of alkaline water are more likely to operate through modest ex-
tracellular buffering during acute metabolic acidosis, through mineral delivery, or through
hydration effects, rather than through sustained alterations in systemic pH. Readers should
bear this context in mind when evaluating the studies reviewed below, where reported
blood pH changes of 0.01–0.02 units fall entirely within the normal compensatory range.

1.3. Alkaline Water: Properties and Production Methods

Alkaline water—generally defined as water with a pH above 7.0—has gained pop-
ularity as a functional beverage marketed for various health benefits [23]. In contrast to
regular drinking water, which typically maintains a neutral pH of around 7.0, alkaline
water usually falls between pH 8.0 and 10.0 [22]. It also tends to contain higher levels of
alkalinizing minerals such as calcium, magnesium, sodium, and potassium, often present in
their bicarbonate or hydroxide forms [24]. Additionally, alkaline water frequently exhibits
a negative oxidation–reduction potential (ORP), typically ranging from −100 to −750 mV,
a characteristic proposed to contribute to its antioxidant effects [25].

Commercial alkaline water production employs several methodologies, each with
distinct characteristics. Electrolysis represents the most common approach, utilizing an
ionization process where water passes through electrically charged plates separated by
a selective membrane. This process generates alkaline water at the cathode (containing
hydroxide ions) and acidic water at the anode [26]. The electrolysis method allows precise
pH control and can produce water with consistent mineral content and ORP values [27].

Another production approach involves mineral addition, typically by dissolving
calcite (calcium carbonate) in contactors to raise pH, alkalinity, and calcium, and by using
magnesium oxide media, alone or blended with calcite, to introduce magnesium and further
stabilize pH (and, in some systems, lime/CO2); these practices are documented in drinking
water post treatment [28–30]. A third source is naturally occurring alkaline water, which
forms in geographic regions rich in alkaline rock formations or hydrothermal activity,
but these waters typically show highly variable, non-standardized compositions [31].
Additionally, specialized physical techniques, such as magnetic field treatment, and other
non-chemical structuring methods, have been shown to alter water pH and physicochemical
properties [32].

As consumer interest has expanded, the alkaline water market has diversified into nu-
merous commercial formats, including ready-to-drink bottled alkaline waters, concentrated
alkaline additives, and residential ionization devices [33]. These products differ widely
in their pH levels, mineral profiles, and advertised health effects, contributing to a highly
variable marketplace that poses challenges for both consumers and researchers [34].
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1.4. Theoretical Mechanisms: Alkaline Water and Muscle Function

The proposed benefits of alkaline water for muscle health involve several mecha-
nisms. The primary hypothesis is that alkaline water provides acid–base buffering, help-
ing counteract exercise-induced acidosis that contributes to fatigue during high-intensity
activity [35,36]. This is consistent with evidence that extracellular buffering improves
performance during glycolytic exercise [35,37]. Supporting this, a randomized controlled
trial (RCT) in combat athletes found that three weeks of alkaline water (pH 9.13) increased
resting blood pH and bicarbonate levels while improving anaerobic performance [38].
However, for the purposes of this evidence map, oxidative stress markers and hydra-
tion status are included as critical secondary outcomes due to their established roles in
muscle preservation.

A second mechanism involves oxidative stress reduction. Oxidative stress is a central
driver of age-related muscle decline. A double-blind crossover RCT showed that a single
post-exercise dose of alkaline-reduced water (pH ≈ 9.5) reduced reactive oxygen species
(ROS) and nitric oxide (NO) compared to control water, while favorably altering glutathione
peroxidase (GPx) and malondialdehyde (MDA) levels [39]. This suggests short-term
antioxidant effects. However, negative ORP should not be used as a proxy for antioxidant
capacity, as ORP measurements are confounded by pH, temperature, and meter error [25].
Furthermore, biomarkers such as ROS, MDA, and antioxidant enzyme activity (e.g., GPx)
serve as mechanistic proxies for muscle health, as excessive oxidative damage is directly
linked to the proteolysis and fiber atrophy characteristic of sarcopenia. Direct measurement
of specific oxidative biomarkers provides more reliable evidence [40].

Hydration is frequently cited as a third mechanism, representing even a fundamen-
tal modifiable factor in sarcopenia prevention. Alkaline water consumption has been
associated with improved hydration markers in some studies [24,38], which may support
recovery. However, claims about enhanced cellular hydration from “ionized” or “micro-
clustered” water lack robust human evidence [22]. Most hydration benefits likely reflect
adequate fluid intake rather than unique water properties [24]. Monitoring hydration and
oxidative-stress markers could, in principle, help test whether such acute physiological
shifts bear on the long-term maintenance of muscle mass and functional capacity, although
no study has yet established such a translational link.

Beyond extracellular buffering, the potential interaction between alkaline intake and
the primary anabolic pathways regulating muscle mass warrants consideration. The
mammalian target of rapamycin (mTOR) signaling pathway serves as the master regulator
of muscle protein synthesis and a key integrator of nutrient sensing [8,41–43]. In the context
of aging, the dysregulation of mTOR contributes to anabolic resistance—a state where
muscle cells show a blunted response to protein intake and exercise—and to an impaired
autophagy balance, both of which accelerate sarcopenia progression [7,44]. Theoretically,
alkaline water could influence these nutrient-sensing pathways or mitochondrial regulation
by altering the microenvironmental pH or through its mineral constituents, potentially
mitigating the metabolic stressors that inhibit mTOR activity. However, it must be explicitly
stated that direct evidence linking exogenous alkaline intake to mTOR signaling or anabolic
signaling mechanisms in humans is currently absent. These interactions remain speculative
and require validation through rigorous molecular and clinical aging-specific models.
Finally, mineral content may contribute independently. Some alkaline waters contain
elevated magnesium and calcium, which support muscle function through excitation–
contraction coupling and energy metabolism [8]. Some alkaline waters contain sufficient
concentrations of these minerals to contribute meaningfully to daily mineral intake [24].

Overall, the existing literature suggests several plausible-but not yet confirmed-
pathways through which alkaline water might influence muscle-related outcomes, includ-
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ing pH buffering, mineral delivery, hydration effects, and changes in selected oxidative-
stress markers. At present, the evidence is insufficient to determine the relative importance
of any one mechanism. Figure 1 summarizes these hypothesized mechanisms. The diagram
is intended as a conceptual framework rather than proof of causality, and it should be
interpreted in light of the limited and heterogeneous human evidence currently available.

Figure 1. Conceptual framework of hypothesized mechanistic pathways linking alkaline water
consumption to muscle health outcomes. The diagram illustrates the theoretical cascade from alkaline
water intake through four primary intermediate mechanisms: (1) extracellular buffering of metabolic
acidosis, (2) reduction in oxidative stress markers, (3) optimization of cellular hydration, and
(4) mineral supplementation (Ca2+ and Mg2+). These pathways are proposed to influence physiolog-
ical effects such as lactate clearance and protein synthesis, ultimately leading to clinical outcomes
like muscle strength and functional capacity. This schematic represents a hypothesis-generating
model based on current physiological theories and should be interpreted with caution given the
limited human evidence. Abbreviations: Ca2+, calcium; Mg2+, magnesium; K+, potassium; ORP,
oxidation–reduction potential; ROS, reactive oxygen species; ↑, increase; ↓, decrease.

1.5. Current Evidence Landscape, Translational Limits, and Knowledge Gaps

The evidence base for alkaline water and muscle health is growing, but it remains
uneven and difficult to interpret with confidence. Studies have enrolled very different
populations—ranging from trained athletes to sedentary community adults—and have
used interventions that vary from single post-exercise doses to several weeks of daily
intake [22,34,45]. Additionally, “alkaline water” is not consistent across trials: some use
electrolyzed alkaline-reduced water at pH 9–10, others use mineral alkaline waters at
lower pH with higher magnesium or calcium content, and outcome measures range from
performance tests to biochemical markers [24,38,39].

This heterogeneity makes direct comparisons difficult. For example, one cannot easily
compare a three-week intervention in combat athletes measuring anaerobic performance
and acid–base status [38] with an acute crossover trial measuring oxidative stress markers
immediately post-exercise [39], as they differ in population, intervention duration, water
characteristics, and outcomes. Similarly, studies combining alkaline dietary patterns with
exercise training [46] make it impossible to isolate the contribution of water alone.

The variability across studies prevents straightforward meta-analysis. Populations
differ in age, sex, and training status. Interventions differ in pH (ranging from 8.5 to 10.0),
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mineral content, production method, and dosing protocol. Outcomes include repeated-
sprint power, submaximal aerobic estimates, and diverse oxidative-stress panels [22,45].
Some trials use indirect measurements—such as formula-based maximal oxygen uptake
(VO2max) estimation from submaximal tests—which introduces additional uncertainty
compared to direct breath-by-breath gas exchange measurement.

Methodological caution is warranted around specific measurement approaches. Neg-
ative ORP is sometimes presented as evidence of antioxidant capacity; however, ORP is
strongly confounded by pH and temperature, and measurement error can exceed the signal
attributed to dissolved hydrogen [25]. Trials using direct oxidative markers (ROS, NO, GPx,
MDA) provide more interpretable evidence [39,40]. Similarly, hydration-related outcomes
must be carefully controlled, as many benefits may simply reflect adequate fluid intake
rather than unique water properties [24].

Several critical knowledge gaps remain. Optimal dosing parameters—including
volume, pH range, mineral profile, and timing relative to exercise or meals—are undefined.
Existing protocols vary from single 10 mL·kg−1 boluses to approximately 1.5 L daily for
weeks [24,38,39]. Individual response variability by age, sex, baseline fitness, or comorbidity
is largely unexplored. Long-term data are absent, with no adequately powered trials
examining clinically important endpoints such as age-related muscle decline or sarcopenia
prevention. Finally, standardization is lacking: without consensus on water characterization
methods, physiological measurement approaches, and biomarker panels, the field will
continue accumulating signals without clarity for practice.

The current landscape therefore offers a fragmented set of preliminary signals rather
than a mature evidence base. Stronger conclusions will require larger, preregistered com-
parative studies with standardized intervention reporting, direct outcome measurement,
and longer follow-up. Consequently, this study is positioned as a systematic evidence
mapping exercise, designed to delineate the current breadth of human research and identify
critical translational gaps that must be addressed to inform healthy aging and longevity-
oriented care.

1.6. Objective, Rationale, and Relevance to Aging and Longevity

This work is structured as a systematic evidence map to identify and critically ap-
praise the comparative human evidence on alkaline water and muscle-related outcomes,
with a primary focus on its relevance to aging and longevity research. The inclusion of
studies involving young athletic cohorts is scientifically justified as these populations
provide a valuable physiological model for assessing acute metabolic stress and extracellu-
lar buffering—mechanisms that are theoretically relevant to counteracting the biological
drivers of muscle decline. However, the primary objective of this mapping exercise is to
determine whether the existing literature informs clinically meaningful questions for older
adults and sarcopenia prevention, or whether it remains largely confined to non-aging
settings. By systematically identifying these findings, we aim to clarify the current transla-
tional gap and provide a framework for the design of future trials specifically targeting the
requirements of healthy aging.

2. Materials and Methods
The present review was conducted following the Preferred Reporting Items for Sys-

tematic Review and Meta-Analyses (PRISMA) guidelines [47] and registered in PROSPERO
under the registration number CRD420251140847. The completed PRISMA 2020 checklist
is provided in the Supplementary Materials (Table S1). Because the eligible evidence base
was sparse and highly heterogeneous, the synthesis was planned as a structured critical
narrative synthesis rather than a meta-analysis.
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2.1. Search Strategy

A comprehensive literature search was conducted in PubMed, Scopus, and SPORTDis-
cus for studies published from January 2005 to September 2025. Google Scholar was used
only as a supplementary source to identify additional records through forward searching
and citation tracking, given its limited reproducibility for systematic searching.

The search strategy was developed using explicit, database-specific concept blocks
combining (i) alkaline-water terms, (ii) muscle-, performance-, and recovery-related terms,
and (iii) comparative study design terms. This structure was chosen to avoid overly broad
retrieval and to make the search logic reproducible.

For PubMed, the search logic was structured as follows: ((“alkaline water” [Ti-
tle/Abstract] OR “alkaline ionized water” [Title/Abstract] OR “ionized water” [Ti-
tle/Abstract] OR “electrolyzed water” [Title/Abstract] OR “electrolyzed reduced wa-
ter” [Title/Abstract] OR “high pH water” [Title/Abstract]) AND (“muscle strength”
[Title/Abstract] OR “muscle function” [Title/Abstract] OR “muscle performance” [Ti-
tle/Abstract] OR “exercise performance” [Title/Abstract] OR “physical performance” [Ti-
tle/Abstract] OR “muscle recovery” [Title/Abstract] OR “muscle fatigue” [Title/Abstract]
OR “muscle damage” [Title/Abstract] OR “muscle soreness” [Title/Abstract] OR “mus-
cle power” [Title/Abstract] OR “muscle endurance” [Title/Abstract] OR lactate [Ti-
tle/Abstract] OR hydration [Title/Abstract] OR “oxidative stress” [Title/Abstract]) AND
(randomized [Title/Abstract] OR randomized [Title/Abstract] OR placebo [Title/Abstract]
OR crossover [Title/Abstract] OR trial [Title/Abstract] OR intervention [Title/Abstract]
OR cohort [Title/Abstract] OR “cross-sectional” [Title/Abstract])) AND (“1 January 2005”
[Date-Publication]: “30 September 2025” [Date-Publication]) AND Humans [Mesh]. Equiv-
alent syntax was adapted for Scopus, and reference lists of included articles and relevant
reviews were screened manually.

2.2. Eligibility Criteria

We included comparative human studies published between 2005 and 2025 that
examined alkaline water interventions or habitual alkaline water exposure and reported
muscle-related, performance-related, or recovery-related outcomes. To ensure clarity in
the synthesis, outcomes were hierarchically categorized: primary outcomes were defined
as direct measures of muscle strength (e.g., handgrip strength, limb power) and physical
functional performance (e.g., gait speed, chair-rise tests); secondary outcomes included
biochemical markers (e.g., lactate, acid–base status), hydration indicators, and subjective
recovery or fatigue scores. Eligible designs included RCTs, crossover trials, non-randomized
controlled studies, and comparative observational studies; however, observational evidence
was interpreted separately and given lower inferential weight for causal statements. We
excluded animal studies, in vitro studies, uncontrolled single-arm reports, hydrogen-water
studies without an alkaline component, and studies lacking outcomes relevant to muscle
function, exercise performance, or recovery.

2.3. Study Selection Process

Study selection followed PRISMA guidance using a standardized two-stage screening
process. Two independent reviewers screened all retrieved titles and abstracts against
predetermined eligibility criteria. Eligible records included comparative human studies
published between 2005 and 2025, encompassing randomized trials, crossover trials, non-
randomized controlled studies, and comparative observational designs when they offered
contextual evidence relevant to muscle-related outcomes. Animal experiments, in vitro
studies, uncontrolled single-arm reports, and studies lacking outcomes relevant to muscle
function, physical performance, or recovery were excluded.
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Full-text articles of potentially eligible studies were independently assessed by the
same two reviewers. Disagreements at both screening stages were resolved through
discussion, with a third reviewer consulted when consensus could not be reached. Reasons
for exclusion at the full-text review stage were documented using a standardized form. The
complete study selection process is illustrated in Figure 2.

Figure 2. PRISMA flow diagram for study selection.

2.4. Data Extraction, Formal Risk-of-Bias Assessment, and Synthesis

Data extraction was carried out independently by two researchers. The following
items were extracted from each study: study details (first author, year of publication, and
country or region), sample characteristics (number of participants, age range, sex distri-
bution, and clinical profile), intervention details (alkaline water specifications including
pH, mineral composition, dose, and duration), comparator details, and outcome measures
(categorized into primary: muscle strength and physical performance; and secondary:
biochemical indicators, hydration markers, and recovery/fatigue indicators). Formal inter-
nal validity appraisal was then performed at the study design level using the Cochrane
Risk of Bias 2.0 (RoB 2) tool for randomized or crossover comparative trials, the Risk
Of Bias In Non-Randomized Studies of Interventions (ROBINS-I) for non-randomized
comparative interventions, and the Joanna Briggs Institute (JBI) analytical cross-sectional
checklist for the single observational study. Because several reports provided incomplete
methodological details, the resulting judgments were used to guide interpretation and
certainty assessment rather than to exclude studies. A structured summary of dominant
bias domains is presented in Table 1. Because only a small number of studies contributed to
each outcome domain and because interventions and endpoints were highly heterogeneous,
meta-analysis was not appropriate; findings were synthesized narratively and organized
by both evidence domain and aging and longevity applicability.
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Table 1. Structured summary of methodological limitations and overall internal validity concerns
across the included evidence base.

Evidence
Subset

Appraisal
Framework Dominant Concerns Overall Judgment

Randomized
and crossover
intervention

trials

RoB 2

Small samples; incomplete
reporting of sequence
generation/allocation
concealment in several

reports; limited blinding
detail; short interventions;

frequent reliance on
surrogate physiological

outcomes

Mostly some
concerns

Non-
randomized
comparative
interventions

ROBINS-I

Confounding by training
status, hydration behavior,

mineral intake, or
co-interventions; comparator
mismatch; incomplete control

of baseline differences

Moderate to serious
risk

Analytical
cross-sectional

evidence

JBI analytical
cross-sectional

checklist

Residual confounding;
reverse causation; inability to

infer treatment effects;
indirect relevance to aging

endpoints

High vulnerability
to bias

Abbreviations: JBI, Joanna Briggs Institute; RoB 2, Risk of Bias 2; ROBINS-I, Risk of Bias In Non-randomized
Studies of Interventions.

2.5. Assessment of Certainty and Aging Relevance

Because the review question was explicitly translational, we also evaluated each evi-
dence domain for direct applicability to healthy aging on the basis of participant age, pres-
ence or absence of sarcopenia/frailty, duration of exposure, clinical relevance of outcomes,
and adequacy of safety reporting. Overall certainty was summarized narratively using
the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)-
informed principles—risk of bias, indirectness, inconsistency, and imprecision—without
generating formal evidence profiles, as the dataset was too sparse and heterogeneous for
stable pooled estimates.

3. Results
3.1. Study Characteristics and Evidence Mapping Overview

Ten human studies met the inclusion criteria for this systematic evidence map (Table 2).
The identified literature is highly heterogeneous regarding participant profiles, dosing
protocols, and endpoints. To address this complexity, the evidence was divided into
two distinct subgroups: athletic populations (n = 7) and clinical or sedentary populations
(n = 3). The athletic group consisted mainly of young males, such as footballers [24], combat
sport athletes [38], and healthy active students [39,48–51]. The second group included
postmenopausal women [36], sedentary midlife women [46], and individuals with type 2
diabetes [52].
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Table 2. Summary of included studies and their relevance to aging and longevity research. Interven-
tional and observational evidence are shown together for completeness, but observational findings
were interpreted as contextual rather than causal.

Author and Year Population Study Design
Key Findings and

Relevance to Aging and
Longevity

Direction of Effect

Heil, 2010 [48] 38 healthy adults
(aged 21–23 years)

4-week RCT comparing
alkaline water (pH 10.0) vs.

placebo

Improved acid–base and
hydration markers; no direct

muscle endpoint and no
aging-relevant sample.

↑ Positive (secondary)

Chycki et al., 2017 [24] 36 male footballers
(21.3 ± 1.8 years)

7-day intervention:
low-mineralized alkaline
water (pH 8.0) vs. highly

mineralized water vs. table
water

Better hydration and lactate
handling in young

footballers; not informative
for older adults.

↑ Positive (secondary)

Nanang et al., 2018 [49] 30 male sports students
(17.96 ± 0.80 years)

Pretest-posttest control
group design: alkaline fluid
(pH 9.0) vs. control during

submaximal exercise

Lower lactate accumulation
during exercise in young
male sports students; no

applicability to aging
populations.

↑ Positive (secondary)

Chycki et al., 2018 [38] 16 combat sport athletes
(22.3 ± 0.5 years)

3-week double-blind RCT:
alkaline water (pH 9.13) vs.

table water

Higher limb power and
better acid–base balance in

young combat athletes;
external validity to older

adults is very low.

↑ Positive (primary)

Yalcinkaya et al., 2020
[46]

22 sedentary women
(49.18 ± 6.28 years)

8-week RCT: alkaline diet +
exercise vs. acidic diet +

exercise [indirect
alkalinizing intervention;
the independent effect of
water cannot be isolated]

Combined alkaline diet plus
exercise improved body

composition and VO2max,
but the independent effect of

water cannot be isolated;
midlife rather than older

adult sample.

↑ Positive (confounded)

Rias et al., 2020 [52] 81 adults with type
2 diabetes

4-group RCT: alkaline water
± walking vs. controls

Oxidative stress,
inflammation, and

quality-of-life markers
improved in adults with

type 2 diabetes, but direct
muscle function outcomes

were not assessed.

↑ Positive (secondary)

Losavio et al., 2020 [50] 30 healthy adults
Crossover study: alkaline

water (pH 8.5–9.3) vs.
control post-exercise

Post-exercise lactate
reduction suggests faster

short-term recovery; healthy
adults, not older adults.

↑ Positive (secondary)

Steffl et al., 2021 [51] 12 healthy young males
(aged 21.1 ± 1.3 years)

Double-blind,
placebo-controlled crossover
pilot study: alkaline water

vs. regular water for 3 days
before anaerobic exercise

Lower perceived exertion
and improved reaction time

after anaerobic testing;
young male pilot study only.

↑ Positive (secondary)

Lee et al., 2022 [39] Healthy men (19–25 years)
Double-blind crossover RCT:

alkaline-reduced water
post-exercise

Reduced reactive oxygen
species, lactate, and fatigue
markers post-exercise; no

clinically meaningful
aging-relevant endpoint.

↑ Positive (secondary)

Chan et al., 2022 [36] 304 postmenopausal
women

Cross-sectional study:
alkaline water consumers vs.

non-consumers
[observational design;

contextual evidence only]

Higher grip strength and
lower metabolic syndrome

prevalence among
consumers, but

cross-sectional design
prevents causal inference;

postmenopausal rather than
older adult-specific

evidence.

↑ Positive
(observational)

Abbreviations: MetS, metabolic syndrome; QoL, quality of life; RCT, randomized controlled trial; ROS, reactive
oxygen species; RPE, rating of perceived exertion; T2D, type 2 diabetes; VO2max, maximal oxygen consumption;
↑, positive/favorable direction of the reported effect.

There was also a clear distinction in intervention duration. Five studies assessed
acute effects following a single bolus or short-term intake of up to one week [24,39,49–51].
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The remaining interventional work utilized chronic protocols ranging from three to eight
weeks [38,46,48,52]. One additional study utilized a cross-sectional design [36].

From a translational standpoint, these results highlight a significant mismatch between
the available evidence and the objectives of healthy aging research. Most studies were
conducted in young cohorts, while data on the older populations targeted by commercial
claims are lacking. Most notably, no study included participants aged 65 years or older or
evaluated individuals with established sarcopenia or frailty.

3.2. Primary Outcomes
3.2.1. Muscle Strength and EWGSOP2 Metrics

Direct evidence for primary strength outcomes was limited to two studies with con-
trasting designs. In young combat athletes, a three-week randomized trial reported a
significant increase in limb power following alkaline water intake [38]. In a separate
study involving postmenopausal women, a cross-sectional analysis found a positive asso-
ciation between habitual alkaline water consumption and higher handgrip strength [36].
However, the observational nature of the latter study precludes any determination of a
causal relationship.

From the perspective of the European Working Group on Sarcopenia in Older People
(EWGSOP2) diagnostic framework, which identifies muscle strength as the primary indi-
cator for sarcopenia, the current evidence remains insufficient [3]. None of the included
intervention trials specifically targeted participants over the age of 65 or used standardized
strength measures to assess sarcopenia risk in older populations. Furthermore, no study
utilized the chair-rise test, which serves as a critical clinical proxy for lower-limb strength
in geriatric assessment and is a core component of the EWGSOP2 criteria [3]. This gap high-
lights a significant disconnect between the experimental data derived from young athletes
and the clinical requirements for diagnosing and managing muscle loss in older adults.

3.2.2. Physical Functional Performance and Geriatric Endpoints

Evidence for primary functional performance was entirely absent regarding geriatric
clinical standards. No study evaluated outcomes aligned with the EWGSOP2 criteria for
physical performance, such as gait speed, the Short Physical Performance Battery (SPPB),
or standardized frailty indices [3]. Consequently, there is no direct evidence to determine
whether alkaline water intake influences the preservation of functional independence or
the reduction in falls risk in older populations [4].

The performance data identified in this mapping exercise focused exclusively on acute
anaerobic or aerobic responses in young and active cohorts. For instance, submaximal
exercise protocols were used to evaluate lactate accumulation in sports students [49], while
anaerobic tests were employed to assess reaction time and perceived exertion [51]. Other
research examined changes in aerobic capacity and body composition in sedentary midlife
women, though these results were observed within the context of a combined alkaline diet
and exercise program, preventing the isolation of water as a single variable [46]. While
these measures provide laboratory insights into physiological performance, they do not
address the clinical functional declines characteristic of sarcopenia or the specific needs of
geriatric rehabilitation.

3.3. Secondary Outcomes
3.3.1. Acute Biochemical Signals and Buffering Capacity

Evidence for secondary outcomes was more frequent than for primary endpoints
but was largely confined to surrogate biochemical markers in young athletic populations.
Regarding metabolic recovery, several studies reported enhanced post-exercise lactate
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clearance or lower lactate accumulation following alkaline water intake [24,39,49,50]. These
effects were predominantly observed in acute settings or after short-term protocols of one
week involving young males undergoing high-intensity exercise.

Acid–base markers also showed modest shifts in response to the interventions. In-
creases in resting blood pH and bicarbonate levels were reported in healthy adults and
combat athletes following protocols ranging from one to four weeks [38,48]. These find-
ings suggest a potential improvement in extracellular buffering capacity, although the
reported changes in blood pH typically fell within the normal physiological compensatory
range [38,48].

From a translational perspective, these biochemical signals remain laboratory-based
observations with no direct evidence of clinical benefit for older adults. The identified
literature does not provide data on whether these modest physiological shifts translate into
improved metabolic resilience or better handling of chronic low-grade acidosis in aging
populations. Furthermore, the reliance on young cohorts means that the potential impact
of these signals on individuals with age-related declines in renal or respiratory function
has not been addressed.

3.3.2. Recovery Markers and Perceived Exertion

Recovery-related indicators represented the most frequent signals across the included
studies, primarily involving subjective and physiological markers of fatigue. Regarding the
direction of effect, several trials reported a reduction in the Rating of Perceived Exertion
(RPE) following high-intensity exercise. Specifically, young males consuming alkaline
water for three days reported lower RPE during anaerobic testing compared to a placebo
group [51]. Similar improvements in subjective fatigue markers were noted in healthy men
following acute post-exercise consumption of alkaline-reduced water [39].

Other recovery outcomes focused on functional and biochemical restoration. One
pilot study reported improved reaction times after anaerobic exercise in young male par-
ticipants [51]. Additionally, faster lactate clearance and improved hydration status were
documented in young footballers and healthy adults, suggesting enhanced short-term
metabolic recovery [24,50].

Despite these positive signals in secondary outcomes, the evidence remains limited by
the acute nature of the protocols and the reliance on young, active cohorts [24,39,51]. No
data were identified concerning recovery trajectories in older adults or the impact of alkaline
water on rehabilitation outcomes following injury or surgery in geriatric populations.
Furthermore, the absence of standardized recovery panels across the evidence map makes
it difficult to determine whether these transient signals translate into clinically meaningful
improvements in daily functional resilience for the target aging population.

3.3.3. Metabolic, Oxidative, and Indirect Markers

Secondary outcomes also included various indirect metabolic and oxidative signals
that provide contextual rather than definitive evidence for muscle health. In a randomized
trial involving adults with type 2 diabetes, eight weeks of alkaline water consumption was
associated with significant improvements in oxidative stress markers and inflammatory
indicators, as well as enhanced quality-of-life scores [52]. Similarly, acute post-exercise
consumption of alkaline-reduced water in healthy young men was reported to lower
reactive oxygen species and modulate antioxidant enzyme activity [39].

Other research identified changes in aerobic capacity and body composition. In a study
of sedentary midlife women, an eight-week intervention combining an alkaline diet with
exercise reported improvements in maximal oxygen uptake and body fat percentage [46].
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However, the independent contribution of alkaline water in this study could not be isolated
from the effects of the broader dietary and exercise program.

As noted in the methodological appraisal, the use of oxidation–reduction potential
as a proxy for antioxidant capacity in some reports is limited by significant measurement
instability and should be interpreted with caution [25]. These metabolic and oxidative
findings are best regarded as ancillary signals that inform mechanistic hypotheses rather
than as proof of efficacy for muscle function or sarcopenia prevention. There is currently
no evidence to suggest that these transient or indirect biochemical shifts translate into
long-term preservation of muscle mass or functional independence in older populations.

3.4. Safety, Tolerability, and Clinical Contextualization

Short-term tolerability was generally reported as acceptable across the included stud-
ies, with no major adverse events documented in the young athletic cohorts [38,48]. How-
ever, the absence of reported complications in healthy participants cannot be extrapolated
to signify long-term safety in older populations. Most trials were characterized by brief
exposure periods, often limited to a few weeks or even single doses, which is insufficient to
evaluate the risks associated with chronic mineral loading or sustained shifts in acid–base
balance [39].

From a clinical perspective, the safety of alkaline water in geriatric care requires spe-
cific contextualization regarding renal and metabolic vulnerability. Aging is frequently
associated with a progressive decline in the glomerular filtration rate and a reduced physi-
ological capacity to manage acute electrolyte or bicarbonate loads [53]. Excessive alkaline
intake in individuals with impaired renal clearance could theoretically increase the risk of
metabolic alkalosis or electrolyte disturbances, yet no study monitored renal function or
serum electrolyte stability in such vulnerable groups.

Furthermore, potential interactions with common geriatric medications and physi-
ological changes remain unaddressed. Older adults often exhibit age-related declines in
gastric acid secretion or frequently utilize proton pump inhibitors (PPIs), both of which may
significantly alter the physiological response to alkaline water consumption [54]. The lack
of long-term safety data in participants with multimorbidity or polypharmacy represents a
critical evidence gap that remains a central limitation for clinical applicability.

3.5. Overall Risk of Bias and Certainty of Evidence

Across the randomized and crossover comparative trials, overall risk of bias was
usually judged as having some concerns, mainly because of small samples, incomplete
reporting of randomization/allocation procedures, limited blinding detail, short interven-
tion periods, and heavy reliance on surrogate physiological outcomes. Non-randomized
comparative interventions were more vulnerable to confounding, comparator mismatch,
and co-intervention effects, yielding moderate to serious internal validity concerns. The
single analytical cross-sectional study was interpreted as contextual evidence only because
residual confounding and reverse causation cannot be excluded. The domain-level and
overall risk of bias judgements for all included studies are summarized in Figure 3.
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Figure 3. Comprehensive risk of bias summary across the included evidence base. Domain-level
internal validity assessments are presented for all 10 included studies (Heil, 2010 [48]; Chycki et al.,
2017 [24]; Nanang et al., 2018 [49]; Chycki et al., 2018 [38]; Yalcinkaya et al., 2020 [46]; Rias et al.,
2020 [52]; Losavio et al., 2020 [50]; Steffl et al., 2021 [51]; Lee et al., 2022 [39]; and Chan et al., 2022 [36]).
The appraisal utilized three distinct frameworks tailored to study design: the Cochrane Risk of Bias
2.0 (RoB 2) for randomized and crossover trials, the Risk Of Bias In Non-Randomized Studies of
Interventions (ROBINS-I), and the Joanna Briggs Institute (JBI) checklist for analytical cross-sectional
studies. Ratings are color-coded: Green indicates low risk of bias; Yellow signifies some concerns;
Red denotes high risk or serious concerns; and Grey indicates non-applicability of a domain to a
specific design. This summary highlights the methodological limitations—primarily small sample
sizes and lack of blinding—that contribute to the low overall certainty of the evidence. Abbreviations:
D1–D5, risk of bias domains specific to each tool.

Certainty of evidence was then rated separately for each outcome domain by integrat-
ing these risk-of-bias judgements with the GRADE domains of inconsistency, indirectness,
and imprecision. Because the available studies combined methodological limitations with
marked indirectness to aging populations and substantial imprecision, overall certainty for
clinically relevant aging outcomes was low to very low, as detailed in the GRADE evidence
profile (Table 3).

Table 3. GRADE evidence profile of alkaline water interventions for muscle-related outcomes in
aging and longevity research.

Outcome Domain
Number of

Studies
(Design)

Risk of Bias Inconsistency Indirectness Imprecision Overall
Certainty

Primary: Muscle
Strength 2 (1 RCT, 1 CS) Serious Not Serious Very Serious Serious Very Low

Primary: Physical
Performance 0 NA NA NA NA No Evidence

Secondary:
Biochemical Markers

6
(RCT/Crossover) Some concerns Serious Very Serious Serious Very Low

Secondary: Recovery
Markers

3
(RCT/Crossover) Some concerns Not Serious Very Serious Serious Low

Secondary:
Safety/Tolerability 10 (Various) Serious Not Serious Very Serious Very Serious Very Low

Abbreviations: CS, cross-sectional study; NA, not applicable; RCT, randomized controlled trial.
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4. Discussion
This review identified a small, heterogeneous, and methodologically uneven literature

that is substantially misaligned with the needs of aging and longevity research. The
evidence does not support strong conclusions that alkaline water improves muscle strength,
physical function, or recovery in a way that is clinically meaningful for older adults.
Instead, the current record is better interpreted as an emerging, largely non-aging evidence
base in which short-term recovery signals are more recurrent than strength- or function-
related findings.

4.1. Interpretation of the Evidence Base, Risk of Bias, and Certainty

This study functions primarily as a systematic evidence map rather than a definitive
meta-analysis, reflecting the fragmented and heterogeneous nature of the current litera-
ture. A core finding is the hierarchical mismatch between reported outcomes and clinical
needs: while secondary biochemical and recovery signals are somewhat recurrent in young
athletes, primary outcomes such as muscle strength and physical functional performance re-
main largely unaddressed in the target aging population [38,39]. Using a GRADE-informed
narrative approach, certainty for age-relevant outcomes was downgraded primarily for
extreme indirectness, as the findings from young athletic cohorts cannot be directly extrap-
olated to older adults at risk of sarcopenia or frailty [3]. Consequently, any positive signals
observed in secondary markers must be interpreted as hypothesis-generating rather than
as a basis for clinical practice.

A central limitation is not only evidence scarcity but evidence mismatch. Only
10 studies met the inclusion criteria, and very few contributed direct evidence within
each prespecified domain once overlapping outcomes and design differences were con-
sidered. This made formal meta-analysis inappropriate and means the review functions
primarily as a systematic critical synthesis and evidence map rather than as a definitive
domain-specific assessment.

Methodological features further constrain confidence. Study designs, populations,
comparators, water characteristics, and outcome measures varied substantially, and several
reported endpoints were surrogate physiological markers rather than validated, clinically
important muscle outcomes. For an aging and longevity readership, the most serious
problem is external validity: most studies were neither designed for nor conducted in
older adults at risk of sarcopenia, mobility limitation, or frailty [3,4]. Using a GRADE-
informed narrative approach [55], certainty for age-relevant outcomes was downgraded
primarily for indirectness, imprecision, and risk of bias, with inconsistency adding further
caution in performance and recovery domains. Accordingly, any positive signals should be
interpreted as hypothesis-generating rather than practice-changing.

The most critical weakness identified in this systematic evidence map is the complete
absence of participants aged 65 years and older. While the literature provides some signals
in athletic populations, the lack of primary data on older individuals at risk of sarcopenia
or frailty remains the dominant barrier to clinical translation. Because no trial evaluated
established geriatric endpoints, such as gait speed or SPPBs, the current findings cannot
be used to support evidence-based recommendations for older adults [3]. This mismatch
between existing research and the requirements of geriatric medicine represents the central
limitation of the current evidence base and prevents any determination of efficacy for the
target population.

4.2. Relevance to Healthy Aging and Clinical Practice

From a healthy aging perspective, the strongest recurring signals concern short-
term recovery-related markers such as lactate handling, perceived exertion, and selected

https://doi.org/10.3390/jal6030049

https://doi.org/10.3390/jal6030049


J. Ageing Longev. 2026, 6, 49 16 of 21

oxidative-stress outcomes after exercise. By contrast, evidence for direct effects on muscle
strength, mobility, functional independence, or prevention of sarcopenia remains sparse
or absent. Mechanistic attribution is also unresolved: any observed effects may reflect pH
buffering, mineral composition, hydration behavior, expectancy effects, or combinations
of these factors [22,34]. For these reasons, the present literature does not justify routine
clinical recommendations in older adults or support claims that alkaline water promotes
healthy aging.

This distinction matters in practice. Older adults, caregivers, and clinicians are not
primarily asking whether alkaline water marginally changes post-exercise lactate in young
athletes; they are asking whether it preserves mobility, supports rehabilitation, de-lays
disability, sustains quality of life, and does so without introducing renal or electrolyte
risk. The currently available studies do not answer those questions. Accordingly, alka-
line water should not displace established strategies that are already evidence-based for
healthy aging, including resistance exercise [56], adequate protein intake, vitamin D re-
pletion when indicated, and comprehensive management of comorbidity and hydration
status [3,9,13,15,57].

Clinical safety remains a paramount concern for geriatric translation. The absence of
adverse events in young, healthy cohorts does not equate to long-term safety in older adults,
who often present with age-related declines in glomerular filtration rate and a reduced
capacity to handle acute mineral or bicarbonate loads [53]. Furthermore, potential inter-
actions with common geriatric medications must be considered. Older adults frequently
utilize PPIs, which significantly alter gastric pH and may compound the physiological
effects of alkaline water consumption [54]. Without specific safety data in populations with
multimorbidity or polypharmacy, routine clinical recommendations remain premature.

The mechanistic rationale for prioritizing established interventions such as progressive
resistance exercise and adequate protein intake is well defined: these provide a robust
anabolic stimulus by activating the mTOR signaling pathway, which is essential for muscle
protein synthesis and for counteracting age-related anabolic resistance [7,13,56]. Whether
alkaline water can theoretically interact with these nutrient-sensing pathways or enhance
mitochondrial regulation remains speculative; currently, there is no direct evidence that ex-
ogenous alkaline intake influences mTOR signaling or other anabolic mechanisms involved
in muscle maintenance. Future trials should therefore evaluate whether alkaline water
might offer any adjuvant benefit alongside these established interventions—potentially
by optimizing the metabolic environment for anabolic signaling—rather than serving as a
replacement for proven geriatric care.

4.3. Future Directions for Aging and Longevity Research

Future research must bridge these translational gaps by utilizing preregistered, ad-
equately powered comparative designs that clearly characterize water pH, composition,
and redox potential. Methodological rigor should be improved by standardizing water
characterization and minimizing the emphasis on unstable markers like ORP, which lacks
the measurement stability required for robust clinical inference [25]. Trials should employ
mineral-matched controls and recruit adults aged ≥65 years, stratified by frailty, sarcopenia
status, sex, and comorbidity burden, prioritizing EWGSOP2-aligned functional endpoints,
such as gait speed, chair-rise performance, and the SPPB, over biochemical surrogates [3].
Protocols should extend to at least 12 weeks to capture clinically meaningful changes in
muscle mass, mobility, and resilience, incorporating blinded outcome assessment and
quantified adherence measures.

Safety monitoring remains essential and must specifically include renal function,
serum electrolytes, gastrointestinal tolerance, and potential interactions with medications
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common in older populations. Particular attention should be paid to PPIs, which are
highly prevalent in geriatric cohorts and may compound the gastric pH effects of alkaline
water [54]. Until age-appropriate randomized trials are conducted with explicit safety
protocols and validated functional assessments, alkaline water should be regarded as
experimental rather than as an established strategy for healthy aging or longevity-oriented
care. The overall evidence landscape, spanning current sources, reported effects, key gaps,
and research priorities, is summarized in Figure 4.

Figure 4. Translational evidence map for alkaline water and muscle health in aging. The schematic
integrates the current evidence base and study populations, the reported effects and the primary-
versus-secondary outcome hierarchy, the principal evidence gaps (no participants aged 65 years
or older and no EWGSOP2-aligned functional endpoints), and priority directions for future aging-
specific research. Abbreviations: EWGSOP2, European Working Group on Sarcopenia in Older
People; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; mTOR,
mammalian target of rapamycin; PPIs, proton pump inhibitors; RCT, randomized controlled trial;
SPPB, short physical performance battery.

5. Conclusions
This review identified a limited and heterogeneous comparative literature on alkaline

water and muscle-related outcomes, highlighting a critical hierarchical mismatch: while
secondary physiological and recovery signals are somewhat recurrent in young athletic
cohorts, primary clinical evidence regarding muscle strength and functional performance in
older adults is absent. No included study directly evaluated EWGSOP2-aligned, sarcopenia-
relevant endpoints such as appendicular lean mass, gait speed, chair-rise performance,
disability, rehabilitation outcomes, or broader indicators of healthy aging. Because the
evidence base is small, methodologically diverse, and almost entirely derived from non-
aging populations, this work should be interpreted primarily as a systematic evidence map
of research gaps relevant to healthy aging and sarcopenia prevention.

Current evidence quality is low to very low for aging-relevant outcomes, long-term
safety remains uncertain, and generalizability to older adults is extremely limited. Trans-
lational safety remains a paramount concern, as the current literature fails to account for
age-related renal vulnerability or potential interactions with common geriatric medica-
tions, such as proton pump inhibitors, which may significantly alter the physiological
response to alkaline water. Until adequately powered, age-appropriate randomized trials
are conducted with EWGSOP2-aligned outcomes, blinded assessment where feasible, and
explicit safety monitoring, alkaline water cannot be recommended as an evidence-based
strategy for muscle health in aging populations. Established interventions, including pro-
gressive resistance training and adequate dietary protein intake, which provide a proven
anabolic stimulus through the mTOR pathway, remain the clinical priorities for preserving
functional independence and longevity.
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