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Background/Objective: Beta-alanine supplementation increases muscle carnosine content and also improves exercise capacity
and performance in young adults, with mixed findings emerging from the few studies investigating its effects on older
participants. Therefore, this study aimed to systematically review the evidence regarding the effects of beta-alanine on exercise
capacity, muscle strength, and functional performance of older adults. Methods: This systematic review was conducted following
the specific methodological guidelines of the Preferred Report Items for Systematic Reviews and Meta-Analyses and the
Physiotherapy Evidence Database scale. Furthermore, the Cochrane risk-of-bias assessment tool was used. The search was
carried out in five relevant databases (MEDLINE, Embase, Web of Science, Scopus, and Cochrane Library) from inception up to
March 2024. Results: Of the 1,749 registers identified, only five met the established criteria and were included in this systematic
review. A total of 163 older adults (mean age + SD: 69.1 + 2.8 years; range: 66.2—72.7 years) were included across all five studies.
The majority of studies included participants from both genders. The mean intervention duration + SD was 11.7 + 1.0 weeks. The
mean daily dosage was 2.7 +£0.4 g/day (range: 2.4-3.2 g/day). Conclusion: Overall, exercise capacity may be improved
following supplementation protocols with dosages ranging from 2.4 to 3.2 g/day. Muscle strength and functional performance do
not seem to be improved by beta-alanine since these tasks are not significantly impacted by acidosis buildup.

Keywords: carnosine, sarcopenia, senior

Key Points

e This study suggests that exercise capacity of older adults may be improved following supplementation protocols

(2.4-3.2 g/day).

* Muscle strength and performance in functional tests do not seem to be improved by beta-alanine.

In addition to the muscle strength, power, and mass decreases
(i.e., sarcopenia) observed during the chronological aging process,
older individuals may also present impairments in fatigue resis-
tance, which in turn may negatively impact physical parameters
such as balance, gait speed, and increased risk of falls (Emerson
et al., 2014; Kannus et al., 2005; Madureira et al., 2010). Further-
more, older individuals with reduced exercise tolerance and lower
fatigue threshold may present impairments on functional indepen-
dence (Shephard, 2009), which highlights the relevance of an
active lifestyle adopted throughout the whole lifespan.

It has been previously reported that exercise-induced neuro-
muscular fatigue is influenced by aging (Zarzissi et al., 2020),
which might be explained by cardiovascular, pulmonary, and
neuromuscular alterations that play a role in exercise capacity and
performance decreases within the aging process. For example,
changes in the skeletal muscle as so in the corticospinal tract and
afferent feedback activity have been previously described as
playing important roles in the increased peripheral fatigue observed
in older compared with younger adults (Zarzissi et al., 2020).
Furthermore, the reduced exercise tolerance usually observed in
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this population may also be related to impairments in the oxygen
extraction by the skeletal muscle cells during exercise (Fuller
et al., 2021).

Carnosine is an intracellular dipeptide located in the cytoplasm
of skeletal muscle cells (especially Type II fibers) where it is
synthesized from the amino acids L-histidine and beta-alanine
(BA). Since skeletal muscle cells have a high L-histidine content
(Harris et al., 2012), carnosine synthesis is limited by BA avail-
ability (Blancquaert et al., 2017), which can be obtained by uracil
degradation in the liver and also by nutritional sources of carnosine
(especially meat; Harris et al., 2006). Due to its relevant hydrogen
ion (H+) buffering capacity over the physiological pH range (Harris
et al., 2006; Tallon et al., 2007), higher muscle carnosine content
has been shown to attenuate fatigue during exhaustive dynamic
exercise (Derave et al., 2007) and induce higher calcium sensitivity
of the contractile apparatus (Dutka & Lamb, 2004). Notwithstand-
ing, previous studies have described an inverse relationship
between age and carnosine content (Stuerenburg & Kunze,
1999; Tallon et al., 2007), with older adults displaying a 53%
lower carnosine content in Type II muscle fibers compared with
their younger counterparts (Tallon et al., 2007). From this per-
spective, it seems reasonable to suggest that, in addition to the
aforementioned factors, lower exercise tolerance and fatigue
threshold presented by older adults might also be explained by
the reduced muscle carnosine content. Therefore, strategies that
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could result in increased carnosine levels within the skeletal muscle
and augmented potential of buffering intramuscular H+ accumula-
tion would be able to elicit improved exercise capacity, better
fatigue tolerance, and also functional performance in older adults
(Emerson et al., 2014; Kannus et al., 2005).

An overwhelming body of evidence has pointed to BA
supplementation as a feasible means to significantly increase
skeletal muscle carnosine content. Harris et al. (2006), for exam-
ple, observed that 28 days of BA supplementation significantly
increased skeletal muscle carnosine levels (60%), whereas Hill
et al. (2007) demonstrated a further 20% increase when BA
supplementation was continued for an additional period of
5 weeks. Additionally, distinct supplementation protocols have
elicited significant improvements in performance parameters of
exercise tasks with durations above 60 s (Hobson et al., 2012).
However, it is of great relevance to note that the majority of
studies investigating the effects of BA on exercise performance
and capacity were limited to performing the assessments in
younger rather than older adults, with some conflicting evidence
emerging from these investigations for the latter. Although
somewhat difficult to reconcile, the inconsistencies in the current
body of evidence may reside on the different sample character-
istics of each study (e.g., age range, training status), as well as the
supplementation protocols adopted (e.g., duration, daily and total
dosage) and the tests adopted to detect eventual effects of BA
supplementation in exercise capacity, muscle strength, and func-
tional performance outcomes. Accordingly, a systematic review
would be useful to synthesize the available evidence regarding
this topic, offer a comprehensive view of the current state of
knowledge, and identify gaps in the existing knowledge, pointing
directions to further research as well. Therefore, the current study
aimed to systematically review the available evidence regarding
the effects of BA supplementation on exercise capacity, muscle
strength, and functional performance-related parameters of older
adults.

Methods

Protocol Registration

This systematic review was registered with PROSPERO (CRD420
24518272; https://www.crd.york.ac.uk/PROSPERO/display_
record.php?RecordID=518272) and follows the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses guide-
lines (Moher et al., 2009).

Eligibility Criteria

Studies were required to meet the following inclusion criteria:
(a) human chronic interventions published in English and in peer-
reviewed journals; (b) comparing BA with a nonsupplemented
placebo (PLA) control group; (c) studies that reported on outcomes
based on exercise capacity, muscle strength, and also functional
performance as sit-to-stand (STS), timed up and go, and gait tests.
For the purpose of this review, exercise capacity tests were defined
as those requiring exertion to the point of volitional fatigue (open
tasks) (Saunders et al., 2017); (d) the participants were apparently
healthy older adults without any chronic disease or musculoskele-
tal injury. Studies that eventually employed co-interventions
(e.g., resistance and/or endurance exercise training) were also
considered for this review. For data management, removal of
duplicates, and finding the full texts of the articles, the referencing
software Endnote (version X9, Clarivate Analytics) was adopted.

Search Strategy and Information Sources

The literature search was conducted for four relevant databases
(MEDLINE, Embase, Web of Science, and Scopus) from inception
up to March 2024. The MeSH terms were combined as follows:
(((aged) OR (older[Title/Abstract])) OR (elderly[Title/Abstract]))
AND ((beta alanine[Title/Abstract]) OR (B-alanine[Title/Abstract]
OR (carnosine[Title/Abstract])) AND ((performance[Title/Abstract]
OR (capacity[Title/Abstract] OR (function[Title/Abstract] OR
(functionality[Title/ Abstract] OR (muscle strength[Title/Abstract]))).
The search strategies for all databases are included as Supplementary
Material (available online). Two researchers conducted the review
independently (de Camargo and Brigatto). The discrepancies be-
tween researchers were discussed and a third researcher not involved
in the study was consulted when necessary.

Study Selection and Data Extraction

The titles and abstracts of all studies were independently evaluated
by two investigators (de Camargo and Brigatto). Duplicated studies
were excluded, and the remaining ones were screened, assessed
for eligibility criteria, and then forwarded to data extraction.
Data extraction was performed by two independent reviewers
(de Camargo and Brigatto) for the following variables: authors,
year of publication, sample size, age (mean +SD), intervention
duration, supplementation protocol, assessed outcomes, and main
results findings for each individual study. When multiple time
points for the outcomes were assessed, the last time point available
was considered as the postintervention value for analysis. The
procedures for data extraction were standardized using an Excel
spreadsheet. The data extracted are presented in Table 1.

Risk-of-Bias Assessment

The risk of bias of each included study was independently assessed
by two authors (de Camargo and Brigatto) using the Revised
Cochrane risk-of-bias tool for Randomized Trials (RoB2; Sterne
etal., 2019). The following domains were assessed: (a) bias arising
in the randomization process, (b) bias due to deviations from
intended interventions, (c) bias due to missing outcome data,
(d) bias in the measurement of the outcome, and (e) bias in the
selection of the reported result. Each domain was classified as
having (a) LOW risk of bias, (b) SOME CONCERN of risk of bias,
and (c¢) HIGH risk of bias.

Quality Assessment

Methodological quality was assessed with the Physiotherapy Evi-
dence Database scale, which is based on the Delphi list (Verhagen
et al., 1998). A total score out of 10 is derived for each study from
the number of criteria that are satisfied. The quality of the included
studies was assessed independently by two assessors, and disagree-
ments were resolved by a third independent assessor not involved
in the study. Only studies scoring at least 3 were considered in the
initial analysis.

Results

Studies and Participants Characteristics

The initial search process returned 1,749 studies. After that, 251
duplicated studies were excluded. Then, titles and abstracts of the
remaining studies were read, from which 1,472 were excluded.
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Table 1 Summary of the Included Studies Assessing the Effects of Beta-Alanine on Exercise Capacity, Muscle
Strength, and Functional Performance in Older Adults
Age Supplementation Outcome
Study Sample size (years) Duration protocol measures Main findings
Stout et al. (2008) BA=12 72.7+11.2 90 days 2.4 g/day (3800 mg) PWCpgr Significant increases in PWCgr only
for BA group
PLA=14
Del Favero et al. BA=12 645+5.5 12 weeks 3.2 g/day (2x1.6 g) TTE Significant increases in TTE only for
(2012) BA group
PLA=6 STS No between-group differences in STS
and TUG
TUG
McCormack et al. BA=15 70.6+4.2 12 weeks 1.6 g/day (2x800 mg)  PWCgr Significant increases in PWCgr only
(2013) 2.4 g/day (2 x1,200 mg) for BA groups
PLA=16 STS Significantly larger increases in STS
for BA (2.4 g/day)
Bailey et al. (2018) HS No increase from baseline in HS
(both groups)
BA+NEX=5 70.6+3.7 12 weeks 3.2 g/day (2x 1.6 g) STS No further effects of BA in any of the
outcomes
BA+EX=8 66.2+6.1 6MW
PLA+NEX=6 68.5+5.0 IRM
Ostfeld et al. (2023) BA =38 70.6 +8.7 10 weeks 2.4 g/day 2x1.2 g) HS No increase from baseline in HS
(both groups)
PLA=41 STS No between-group differences in STS

Note. BA = beta-alanine group; PLA = placebo group; EX = exercise group; NEX = nonexercise group; PWCgr = physical working capacity at the fatigue threshold;
TTE = time to exhaustion; STS = sit-to-stand test; TUG = timed up and go test; HS = handgrip strength; 6MW = 6-min walking test; IRM = one-repetition maximum.

The remaining 19 articles were fully read and five studies were
considered eligible according to our previously set criteria. The
search procedures are detailed in Figure 1. A total of 163 older
adults (mean age + SD: 69.1 + 2.8 years; range: 66.2—72.7 years)
were included across all five studies. The majority of studies
included participants from both genders. The mean intervention
duration = SD was 11.7 = 1.0 weeks. The mean daily dosage was
2.7+0.4 g/day (range: 2.4-3.2 g/day), and the total dosage of BA
supplementation throughout the intervention period (Daily dos-
age X Total duration) ranged from 201.6 to 268.8 g. For the
assessment methods adopted for muscle strength outcomes, one
study adopted maximal dynamic (Bailey et al., 2018) and two
isometric testing (Bailey et al., 2018; Ostfeld et al., 2023). Three
studies assessed functional-related parameters through STS test
(Del Favero et al., 2012; McCormack et al., 2013; Ostfeld et al.,
2023), one used timed up and go test (Del Favero et al., 2012), and
one adopted 6-min walk test (6MW; Bailey et al., 2018). None of
the studies assessed the effects of supplementation in previously
trained subjects. Dropout rates throughout the studies ranged
from 0% to 26%.

Risk-of-Bias Assessment

Figure 2 presents the results of the risk-of-bias assessment for each
study included in the review. Four investigations were classified as
presenting “some concerns” (Bailey et al., 2018; Del Favero et al.,
2012; McCormack et al., 2013; Stout et al., 2008), which derived
from the “randomization process” and “selection of the reported
result” items. In addition, one study presented “high” risk of bias
(Ostfeld et al., 2023), which derived from possible differences

(although not statistically significant) in baseline values between
the groups (BA and PLA), suggesting eventual problems with the
randomization process.

Quality Assessment

The methodological quality of the studies using the Physiotherapy
Evidence Database scale was as follows: two studies (Del Favero
etal., 2012; Stout et al., 2008) achieved “excellent” quality and the
other three studies (Bailey et al., 2018; McCormack et al., 2013;
Ostfeld et al., 2023) achieved “good” quality (Table 2).

Discussion

BA Supplementation and Exercise Capacity/
Performance in Older Adults

In addition to the impairments in neuromuscular and cardiovascu-
lar systems, the literature has pointed out that reductions in exercise
capacity and performance in older subjects might also be related to
a lower capacity to resist fatigue, especially during high-intensity
exercise tasks. Although several buffering agents act in order to
control the muscle cell’s pH during exercise, the decrease in muscle
carnosine levels observed during the aging process may play a
relevant role in decreasing buffering capacity of the muscle,
diminishing the ability to withstand the buildup of H+ during
anaerobic activities that rely on glycolytic energy pathway (Stout
et al., 2008). For example, similar exercise capacity was observed
between older and younger subjects performing four sets to the
point of fatigue during high- (80% of one-repetition maximum
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Figure 1 — Preferred Report Items for Systematic Reviews and Meta-Analyses flow diagram of search and screening stages.
Study Study ID Experimental Comparator Qutcome WekM 50 03 bl BE DS Oversh
Bailei et al. (2018) 1 BA PLA NA 1 ! . . . ! @ . Low nisk
Del Favero et al. (2012) ] Ba PLA NA 1 ! . . . | @ I Some concemns
McComarck et al. (2013) 3 BA PLA NA 1 ! . . . ! @ . High risk
Ostfeld etal. 2023) ' 8 PA NA - N XK X X | .
Stout et al. (2008) 5 BA PLA NA 1 ! . . . ! @ DI Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data
D4 Measurement of the outcome

D5 Selection of the reported result

Figure 2 — Risk-of-bias assessment for the studies included in the systematic review. BA = beta-alanine group; NA = not applicable; PLA = placebo
group.
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Table 2 PEDro Ratings of the Included Studies

Criteria
Studies 1 2 3 4 5 6 7 8 9 10 11 Total
Bailey et al. (2018) 1 1 1 1 1 1 1 0 0 0 1 7
Del Favero et al. (2012) 1 1 1 1 1 1 1 1 1 1 1 10
McCormack et al. (2013) 1 1 1 1 1 1 1 0 0 1 1 8
Ostfeld et al. (2023) 1 1 1 0 1 1 1 0 0 1 1 7
Stout et al. (2008) 1 1 1 1 1 1 1 1 1 1 1 10

Note. 0 = not fulfilled criteria; 1 = fulfilled criteria; Items in the PEDro scale: 1 = eligibility criteria were specified; 2 = subjects were randomly allocated to groups;
3 =allocation was concealed; 4 = the groups were similar at baseline regarding the most important prognostic indicators; 5 = there was blinding of all subjects; 6 = there was
blinding of all therapists who administered the therapy; 7 = there was blinding of all assessors who measured at least one key outcome; 8 = measures of one key outcome
were obtained from 85% of subjects initially allocated to groups; 9 = all subjects for whom outcome measures were available received the treatment or control condition as
allocated or, where this was not the case, data for at least one key outcome were analyzed by “intention to treat”’; 10 = the results of between-group statistical comparisons are
reported for at least one key outcome; 11 = the study provides both point measures and measures of variability for at least one key outcome. PEDro = Physiotherapy

Evidence Database.

[IRM]) but not low-intensity (30% 1RM) resistance exercise
protocols (Sardeli et al., 2020), which reinforces that older adults
may present impaired fatigue tolerance during activities with the
most acidosis buildup.

Distinct factors may explain why older individuals display a
reduced carnosine concentration compared with the younger. First,
since carnosine synthesis is mainly dependent on BA availability,
which occurs naturally in fresh meat sources, changes toward a diet
with lower meat consumption over the years may negatively impact
muscle carnosine content (Everaert et al., 2011). Indeed, indivi-
duals with daily ingestion of 1.7 g of protein/kg of body mass
present higher carnosine content compared with those consuming
1.0 g/kg (Varanoske et al., 2017). The second cause of a decrease in
muscle carnosine with aging usually mentioned is the atrophy of
Type II muscle fibers. Since carnosine content is high in Type II
compared with Type I muscle fibers (Baguet et al., 2011), a
decreasing area of the first (even if the carnosine content per
kilogram of muscle remains unaltered) may elicit a reduction in
the content of carnosine at the whole muscle level (Tallon et al.,
2007).

Although it seems plausible to suggest that, based on the
premise that exercise capacity may be a relevant determinant of
healthy independent living (Akerman et al., 2015), increasing
muscle carnosine content through BA supplementation would offer
some benefit for the older adult, a scarce number of longitudinal
studies to the present date investigated the effects of BA in exercise
capacity-related parameters of this population. The first study was
performed by Stout et al. (2008), who aimed to assess whether BA
supplementation (2.4 g/day) could improve the physical working
capacity at the fatigue threshold (PWCkgt; determined by the
electromyography activity of the vastus lateralis muscle during
incremental cycling test and defined as the highest power output
that does not result in a significant increase in the electrical activity
of the thigh muscle over time) of active (nontrained) older men and
women (72.7 mean age) compared with a PLA group. After the
intervention period (90 days), significant increases from baseline in
PWCgr were observed for the BA group (28.6%) but not for the
PLA group (p > .05). Furthermore, when analyzing individual data,
67% and 21.5% of the participants in BA and PLA groups
(respectively) presented significant improvements in PWCpgr after
the intervention weeks. Interestingly, these percentage increases
presented by the older adults assessed by Stout et al. (2008) were
markedly higher compared with younger women (13.9%) even
with increasing doses (3.2-6.4 g/day) over a 12-week intervention

period (Stout et al., 2007). Therefore, one can suggest that the
distinct improvements in PWCgr noted between these two inves-
tigations can mainly be explained by the differences in the age of
the participants, suggesting that older adults may display higher
improvements in exercise capacity that their younger counterparts
when submitted to BA supplementation protocols. Future studies
should be addressed in order to confirm this hypothesis.

The PWCkgr, which has been pointed out as a more suitable and
sensitive test to detect improved exercise capacity in older indi-
viduals compared with others that require maximal effort
(i.e., VO max; Devries et al., 1987), was also adopted for assessing
the effects of BA supplementation on exercise capacity of older
subjects in another study (McCormack et al., 2013). Interestingly,
while no increases were observed for the PLA group (-5.9%),
PWCpgr was significantly improved for the BA group receiving
1.6 g/day (17.8%), with no further increases being observed with an
increased daily dosage of 2.4 g (13.6%). It is important to note that,
despite using equal daily dosages (2.4 g), the percentage increases
in PWCgr differed between Stout et al. (2008) and McCormack
etal. (2013). Some methodological aspects of each study should be
considered in order to understand these differences in the magni-
tude of improvements. For Stout et al. (2008), only active older
subjects were recruited, and 20% of the sample was considered as
inactive in McCormarck et al. (2013). Therefore, although further
specifications about the habitual exercise practices were not pro-
vided, differences regarding the fitness level of the participants
must help justify these discrepancies in the magnitude of improve-
ments observed between both investigations since muscle carno-
sine loading by BA supplementation seems to be dependent on the
training status of the muscle (Bex et al., 2014). The difference in the
magnitude of the results of the PWCgr between Stout et al. (2008)
and McCormarck et al. (2013) may also be related to the total
dosage of BA consumed during the supplementation period. The
total dose of BA ingested by the participants in Stout et al. (2008)
was approximately 216 g, which represents ~20% more BA than
that consumed by the participants in McCormarck et al. (2013)
(=181 g). Although further investigations in older subjects are
warranted, the total dosage provided within supplementation pro-
tocols seems to modulate the improvements in exercise capacity.
This is supported by an investigation from Hill et al. (2007) that
showed an improved total work done in cycling tests when male
participants were exposed to a 10-week versus 4-week supplemen-
tation protocol (daily dosage ranging from 4 to 6.4 g). Together,
these data seem to point out that BA supplementation is an effective

(Ahead of Print)



6 DE CAMARGO AND BRIGATTO

ergogenic aid for improving PWCpgr in older adults. These findings
may represent clinical significance for this population since PWCgr
is significantly associated with sarcopenia-related body composi-
tion (appendicular lean mass; r=.572) and functional outcomes
(STS [r=.440] and handgrip strength [HS; r=.485]), with a ~5%
decrease in the odds of sarcopenia classification for each 1-W
increase in PWCgr (Emerson et al., 2014).

It is important to note that the aforementioned investigations
did not expose the participants to a structured exercise training
program concomitantly to the supplementation protocols. To the
present date, the effects of implementing a combined supplemen-
tation plus exercise training protocol (resistance-type) on neuro-
muscular outcomes of older adults were assessed by only one study
(Bailey et al., 2018). After the 12-week experimental period, both
fatigue rate and index (upper and lower limbs) were not enhanced
by BA in a muscular endurance test (20 repetitions at 50% 1RM).
These results are not surprising since the ergogenic effects of BA
supplementation have been shown to be more pronounced in
exercise capacity rather than in performance tasks (effect sizes =
0.49 vs. 0.10, respectively; Saunders et al., 2017). In addition,
exercise duration has been pointed out as the main influencing
factor on the efficacy of BA supplementation, with a time frame of
0.5-10 min likely to result in the greatest gains and very short-
duration exercise clearly resulting in no significant benefits
(Saunders et al., 2017).

The aforementioned increases in exercise capacity-related
parameters reflect an enhanced buffering potential by muscle cells.
Notwithstanding, none of them assessed muscle carnosine content
pre and post the supplementation period, limiting inferences about
the real effects of this variable on the performance testing. The first
study that measured BA-induced increases in muscle carnosine of
older individuals was performed by Del Favero et al. (2012), in
which 18 participants (men and women) were submitted to a 12-
week supplementation period (3.2 g/day) and tested for a time to
exhaustion incremental test. A significant increase in muscle
carnosine content was noted in the BA group (85.4%) when
compared with the PLA group (7.2%). In addition, time to exhaus-
tion was significantly improved in BA (26.9%) compared with the
PLA group (6.8%). Furthermore, a positive and significant corre-
lation (r=.62) was observed between the increases in muscle
carnosine content and time to exhaustion. These data show that
aging does not seem to impair BA uptake by the muscle cell nor
muscle carnosine synthesis.

Although few studies are available to the present date, the
current evidence suggests that the adoption of BA supplementation
(even without an exercise training program implemented) may
elicit positive effects on tasks that require exertion to the point of
volitional fatigue in an older population. Therefore, older indivi-
duals engaged in exhausting physical/leisure activities may benefit
from ingesting 2.4-3.2 g/day of BA during a period of 10-
12 weeks.

BA Supplementation for Muscle Strength
and Functional Performance of Older Adults

It is widely known that older adults experience significant reduc-
tions in muscle strength and power over the years, which can
negatively impact the performance of daily living tasks (Foldvari
et al., 2000; Hyatt et al., 1990). In this sense, exercise training and
nutrition interventions have been adopted in order to counteract
these deleterious effects of aging on muscle function. Moreover,
one may assume that ergogenic aids that could enhance muscle

strength/power outcomes would also result in improved functional
performance. Although BA seems to positively influence exercise
capacity and improve fatigue tolerance (as aforementioned), it is
not clear whether and to which extent these adaptations would
somehow influence the capacity of older adults to perform daily
living activities and also improve the quality of life in this
population.

To the present date, the effects of implementing BA supple-
mentation on parameters of muscle strength and functionality of
older individuals have been shortly explored by the literature.
Some of the studies assessing the effects of BA on muscle strength
parameters of older adults adopted the HS test, which has been
shown to significantly associate with muscle both strength- and
functional-related parameters (Bohannon, 2015; Pratama & Setiati,
2018) and also pointed out as a potential biomarker of malnutrition
among older populations (Bohannon, 2019). McCormack et al.
(2013) reported that both 1.6 and 3.2 g daily doses failed to increase
HS of older participants after 12 weeks, with similar results being
reported in a study that included both middle-aged and older female
cyclists who did not display improvements in HS after 28 days of a
3.2 g/day protocol (BA: —2.4%; PLA: —2.3%; Glenn et al., 2016).
Although one may assume that HS may not necessarily reflect
overall strength status (Felicio et al., 2014), a study that imple-
mented an isotonic (1IRM) test also failed to observe significant
increases in muscle strength outcomes emerging from BA supple-
mentation (Bailey et al., 2018). During a 12-week intervention
period, healthy older men and women (mean age 68 years) were
exposed to a supplementation protocol implemented alongside a
resistance training program. Although the training regimen adopted
was able to elicit significant increases in muscle strength for both
chest press and leg press exercises, BA supplementation did not
enhance these adaptations. Furthermore, peak and average power
output during muscular endurance testing (50% of 1RM) did not
differ between groups. These results are in accordance with recent
findings in younger adults submitted to an 8-week BA supplemen-
tation protocol (Benvenutti Bueno de Camargo et al., 2023).
Therefore, based on the scarce investigations available, it can be
suggested that the performance in tasks such as HS and 1RM tests
may not be influenced by BA supplementation due to its short
duration and consequent low acidosis buildup.

Few studies to the present date investigated possible effects
of BA supplementation on functional performance parameters of
older adults. McCormack et al. (2013), for example, observed that
the experimental group ingesting 2.4 g/day of BA presented
significantly larger improvements (28.6%) in the STS performance
compared to the 1.6 g/day group (3.5%) and the placebo group
(12.0%). Conversely, STS performance was not affected by sup-
plementation in other studies (Bailey et al., 2018; Del Favero et al.,
2012). Some methodological aspects of each study must be
considered to explain these divergent results in STS performance.
First, 68% of the participants in McCormack et al. (2013) already
performed some type of physical exercise and 11% were consid-
ered as being physically active. Otherwise, only inactive older
subjects were recruited in Del Favero et al. (2012). Therefore,
differences in the physical activity habits of the participants
between these two studies may explain these distinct results.
Moreover, the baseline values of STS in the participants receiving
BA were different between the studies (13.3 + 3.6 repetitions and
16.0 £ 2.0 repetitions for McCormarck et al. [2013] and Del Favero
et al. [2012], respectively). In a recent investigation, implementing
a 12-week resistance training program improved the performance
of STS, TUG, and gait speed tests in older men and women (Bailey
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et al., 2018). However, BA supplementation (3.2 g/day) did not
enhance these training-induced adaptations. Although not
completely clear, these results may be explained by the absence
of further improvements induced by the supplementation in muscle
strength and power outcomes reported by the study since there is a
strong association between these variables and improvements in
functional tasks’ performance (Foldvari et al., 2000; Hyatt et al.,
1990). The absence of effects of BA on functional performance had
also been reported in a previous investigation with no exercise
training program concomitantly being performed (Del Favero et al.,
2012). These results are not surprising since short-duration tests,
which are not markedly influenced by acidosis buildup within the
muscle, were adopted in these studies to assess the effects of BA on
functional parameters. Therefore, since the performance in exer-
cises lasting from 0.5 to 10 min has shown the greatest effects
induced by BA (Saunders et al., 2017), potential significant BA-
induced adaptations in functional performance assessed through
longer duration tests should not be disregarded. Therefore, since
the performance in exercises with duration ranging from 0.5 to
10 min has shown the larger effects induced by BA, eventual
significant BA-induced adaptations in functional performance
assessed through tests presenting longer duration must not be
discarded. Additionally, the lack of changes in these parameters
may also be explained by the fact that the participants recruited by
the aforementioned studies were healthy and functional at baseline.
A future goal, therefore, should be to study the effects of BA
supplementation in individuals who display a higher degree of
sarcopenia and frailty. Therefore, based on the scarce available
evidence, muscle strength and functional performance outcomes of
older subjects do not seem to be improved by BA supplementation
protocols.

Limitations of the Studies and Future Directions

Although it seems limited, due to the scarce number of investiga-
tions to the present date, to point out the real effects of BA on
exercise capacity, muscle strength, and functional performance of
older individuals, important limitations of the aforementioned
studies must be pointed out. First, exclusively older participants
with satisfactory general health conditions were included in the
present review study. From this perspective, eventual improve-
ments on muscle strength and function induced by a BA supple-
mentation protocol must not be completely discarded in older
populations displaying a considerable sarcopenia/frailty status. It
is also relevant to highlight that muscle carnosine content of older
participants provided with BA supplementation was assessed in
only one study (Del Favero et al., 2012), which limits associations
between the improvements in exercise capacity reported by some
studies and eventually increased muscle carnosine content.
Although the improvements in the aforementioned exercise capac-
ity-related outcomes may be indeed acknowledged due to increases
in muscle carnosine content, one can suggest that eventual reward
effect of the supplementation must not be discarded (Bellinger &
Minahan, 2016; Liu et al., 2012), first, due to the sensation of
paresthesia reported by some of the participants who received BA
in one study (McCormack et al., 2013) and also by the lacking of
control regarding side effects of supplementation in other investi-
gation (Stout et al., 2008). Then, based on this information, one
may assume that the blinding process was not effective in these
studies, which may have influenced some of the participants when
performing the tests. Moreover, a strict control of the adherence
throughout the supplementation protocol imposed was weakly
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adopted by the studies (being reported in only three investigations
[Del Favero et al., 2012; McCormack et al., 2013; Ostfeld et al.,
2023]), which could eventually compromise the magnitude of the
estimated effects observed in some of these investigations. Another
important aspect of the studies analyzed was the lacking details
regarding the sample size calculation. First, none of the studies
reported the primary outcome assessed and adopted to calculate the
sample size required. Furthermore, the magnitude of the effect
expected to be observed between groups was not described in any
of the studies included. In this sense, it should not be completely
discarded that these studies were unpowered to detect significant
between-group differences (Type II error). Finally, since no study
assessed the effects of BA in exclusively older participants with
physical training background, it remains to be further investigated
whether and to which extent the previous training experience could
modulate some of the ergogenic effects of BA supplementation.

Conclusions

Although a relatively scarce number of studies to the present date
aimed to investigate the effects of supplementing BA in older
adults, the present study suggests that exercise capacity may be
improved following supplementation protocols with dosages rang-
ing from 2.4 to 3.2 g/day, even with no structured exercise program
being concomitantly performed. In addition, although further
studies are required, muscle strength and performance in functional
tests do not seem to be improved by BA since these tasks are not
significantly impacted by acidosis buildup. The aforementioned
limitations of the studies included in this systematic review should
be carefully considered by health professionals when making
evidence-based decisions as to implement (or not) BA supplemen-
tation for the older population.
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