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Abstract

Introduction. A benefit of L-carnitine (LC) supplementation
for athletes’ performance remains unclear. The present study
aimed to evaluate an effect of LC supplementation on a post-
exercise blood lactate level and aerobic capacity in athletes/
trained individuals. Methods. A systematic review and meta-
analysis study was conducted based on the PRISMA guidelines.
PubMed, Google Scholar, and ProQuest were searched
for relevant studies from database inception to November
2023. An overall effects estimation was performed using
random and fixed effects models for a blood lactate level and
maximal oxygen consumption (\"02 max). Pooled effects were
presented as standardized mean difference or mean difference.
Results. A total of 257 athletes from 14 studies were included.
Pooled analysis demonstrated that a supplementation group had
significantly lower blood lactate levels (SMD = —0.52 mmol/L,
95% CI: —0.85 to —0.19, p = 0.002) and higher VOZ max (MD =
2.16 ml/kg/min, 95% CI: 0.45 to 3.87, p = 0.01) compared to
a placebo group. Subgroup analysis showed that chronic LC
supplementation resulted in lower post-exercise blood lactate
levels than placebo (SMD = —0.69 mmol/L, 95% CI: -1.16 to
—0.21, p = 0.004). Conclusions. This study suggests that athletes
may benefit from chronic LC supplementation by decreasing
post-exercise blood lactate levels and increasing \'70z max.
However, acute LC supplementation only resulted in an increase
in \'702 max. Nevertheless, more scrutinous studies are needed to
ascertain its efficacy.
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Introduction
Athletes frequently consume dietary supplements
to maintain their health and optimize their
athletic performance. A recent meta-analysis estimated
prevalence of dietary supplement use among athletes
to be around 60% [19]. One such supplement gaining
popularity is L-carnitine (LC). A recent cross-sectional
study found that at least 3.9% of competitive athletes had
taken LC supplements at any time in the past [42].
LC is a naturally occurring, quaternary amine found in
all mammalian species. In a human body, LC is stored
mainly in skeletal muscles and a heart, while much lower
concentrations are found in a liver, kidneys, and plasma
[4]. LC can be both endogenously synthesized in a liver,
kidneys, and a brain from the methylation of essential
amino acid lysine, and also obtained from dietary sources,
mainly from animal products including red meat, fish,
poultry, and dairy products [15]. However, endogenous
LC biosynthesis accounts for only 25% of an adult’s
daily requirement [40]. Thus, exogenous LC, either from
dietary sources or supplemented, is necessary, especially
in athletes who rely on fatty acids utilization as dietary
fuel for skeletal and cardiac muscles [12, 15].
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LC is crucial for facilitating acyl-coenzyme A (CoA)
mitochondrial membrane transport and therefore plays
avital role in fatty acids oxidation required for generating
adenosine triphosphate (ATP) during exercises [2].
Therefore, a primary hypothesis is that an elevated
carnitine concentration in skeletal muscles would
enhance fatty acids transport and oxidation, thereby
improving maximal oxygen consumption (\702 max)
and thus exercise performance [22]. Additionally, LC is
able to mitigate a blood lactate accumulation, possibly
by reacting with excess acetyl-CoA to form acetyl-L-
carnitine and CoA [31]. Given these potential effects
on various physiological and metabolic pathways, LC
supplementation demonstrates promise in enhancing
athletic performance in both moderate- and high-
intensity exercises [27].

Aim of Study

Considering LC presence in skeletal muscles and
cardiac tissues, its potential performance-enhancing
properties and essential role in energy metabolism,
LC supplementation is suggested to have beneficial
effects on exercise capacity and recovery. Nonetheless,
recent studies have reported conflicting results
regarding beneficial effects of LC in healthy subjects
[34, 41, 43, 44]. Therefore, this meta-analysis aimed
to review available data to determine an effect of
LC supplementation on aerobic capacity (\'/O2 max)
and post-exercise blood lactate levels, specifically in
athletes or physically trained individuals. Additionally,
the present study also provides evidence regarding
an effective method of LC supplementation, whether
administered acutely or chronically.

Methods

Search strategy

The current study was conducted according to the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines. The authors

searched PubMed, Google Scholar, and ProQuest from

database inception to November 2023. The literature

search was conducted using the undermentioned

combination of terms and keywords based on the

Medical Subject Headings (MeSH) system. For

example, the search strategy used for PubMed was as

follows:

#1 carnitine OR “L-carnitine”,

#2 VO2max OR ““aerobic capacity” OR lactate OR “lactic
acid”,

#3 athlete OR athletic OR sports OR exercise.
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Additionally, a manual search was conducted on
references cited in selected articles and published
reviews.

Study selection and eligibility

The articles were selected according to inclusion criteria
using the PICO model: Population (healthy professional
or amateur athletes or trained people or physically active
people whose \702 max is considered good or higher,
based on the ACSM criteria), Intervention (L-carnitine
or L-carnitine L-tartrate or propionyl-L-carnitine oral
supplementation), Comparison (a matched control group
or placebo), Outcome (post-exercise blood lactate and/
or V02 max), which was performed in a study design
of Randomized Controlled Trials (RCTs). Exclusion
criteria were: 1) consuming LC in a multi-ingredients
supplement; 2) animal studies; 3) trials without control
groups; 4) review studies, case reports, editorial articles
or letters to an editor; 4) currently on medication for
a health problem.

Data extraction and quality assessment

Four investigators independently reviewed each
eligible full-text manuscript and extracted data from
the included studies. Details on authors, year, country,
study design, sample characteristics, comparison
groups, type of LC supplementation, and intervention
strategies were collected. The Jadad scale was used to
assess methodological quality of the included studies
[18]. Scoring was performed independently by three
investigators (EF, HP, and DS), and a median of final
scores was considered to increase reliability. Out of
a total of five points, studies with a score below three
were considered to be of low quality, while scores of >3
were considered to be of high quality.

Statistical analysis

All statistical analyses were performed using the
Review Manager software, version 5.4 (the Cochrane
Collaboration, London, UK). Continuous variables were
analyzed using Weighted Mean Differences (WMD)
with Confidence Intervals (CI) of 95%. Existence of
heterogeneity across the trials was evaluated using
the I test. An I? value of <25% indicated a low risk
of heterogeneity. Consequently, a pooled effect was
calculated using a fixed effects model. Conversely,
a random effects model was performed if significant
heterogeneity was observed across the studies (I* >
50%). Subgroup analyses were performed to determine
whether duration of interventions might be a possible
source of heterogeneity within the studies. The studies
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were divided into acute (within hours of exercises)
and chronic supplementation (minimum one week of
duration). Both random and fixed effects models were
utilized to derive pooled estimates of the effects of
LC supplementation on blood lactate and \702 max.
The overall effects were presented on forest plots and
a possible publication bias was evaluated using a funnel
plot. An asymmetric funnel plot suggests presence of
a publication bias. A p value <0.05 was considered
statistically significant.

Results
Search results

The initial search strategy identified 876 potential
articles. In order to exclude irrelevant papers, the

manuscripts were screened in sequential order based
on titles, abstracts, and full texts. After removing
duplicates, the remaining 795 studies were screened by
titles and abstracts, of which 748 were excluded based
on the titles and abstracts screening. The reviewers
then analyzed 47 full texts to assess eligibility for
study inclusion. Further 33 articles were excluded for
the following reasons: studies were not conducted in
athletes, or were conducted in untrained or unhealthy
individuals (n = 19), an outcome of interest was
unavailable (n = 7), multi-ingredients supplements were
administered (n = 1), and articles were not written in
English (n = 3). Ultimately, 14 studies met the inclusion
criteria and were included in the systematic review and
meta-analysis. The study selection process is presented
in Figure 1.

|
Records identified through database
S searching
= (n=876) Additional records identified
E through other sources
£ Pubmed = 26 (n=3)
2 ProCluest = 113
Google Scholar = 737
—_
r Y
Records after duplicates removed
(n=795)
' . §
= v
H Records excluded based on titles and
a
g Rect;rdf s?t;rﬁejened » abstracts
@ L (n = 748)
|
( 3 FulHext excluded based on reasons
¥ (n=33)
2 Full-text articles assessed
= for eligibility »| non-athletes/moderately trained/untrained
= (n=47) populations = 18
E QOutcome of interest unavailable = 7
Multi-ingedients supplements = 6
Written not in English = 2
|
' S
¥
E Studies included in
= qualitative synthesis and meta analysis
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|
Figure 1. PRISMA Flow chart
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Study characteristics

S <+ o ) )
- The characteristics of the 14 included studies are
° 9 9 summarized in Table 1. A total of 257 athletes or trained
*§ *§ § individuals were included in the review, of whom 248
- - - were men and 9 were women. Regarding their training
3 3 3 types, 84 individuals were endurance-trained, 78 were
fa) fa) e} .
) team-based sports athletes (soccer and badminton), 57
g g2 g were resistance-trained, 20 were wrestlers, and 18 were
4 8 % 4 gymnasts. The age of the participants ranged from 17
_‘; 5 & _‘g to 44 years. The articles were published from 1985 to
= Y& ) 2021, of which 13 were randomized controlled trials,
<t A= 9\l .
@ 8 were crossover studies, and the rest were parallel
studies. Five studies were conducted in Asian countries,
o o o five in Europe, three in North America, and one in
s s s

Australia. These studies mainly prescribed LC at doses
ranging from 2 to 6 grams per day. Durations of the
interventions varied, with the shortest being acute (pre-
exercise) and the longest lasting 9 weeks. Several studies
reported more than one study design, which varied in
terms of LC dosage, duration of supplementation, type
of exercises, and gender of participants [3, 7, 10, 20,
28]. Therefore, some studies were included more than
once in the meta-analysis. Trial quality of the included
studies was assessed using the Jadad score. The quality
of these studies ranged from 1 to 4 points; eight studies
were classified as high-quality [3, 5, 8, 17, 20, 22, 28,
32], while six studies were categorized as low-quality
[1,7,9, 10, 14, 25].

of treadmill walk at ~65%
of individual \702 max
a speed of 8 km/h, 1 km/h
increments every 3 min until
exhaustion anerobic exercise:
series of 10, 15, and 20
standardized jumps off both feet
anerobic exercise: 600-m
sprint

aerobic exercise: 120 min
aerobic exercise: treadmill run at

Note: RCT — Randomized Controlled Trial, CT — non-randomized Controlled Trial, M — male, F — female, LC — L-carnitine, LCLT — L-carnitine L-tartrate, GPLC — glycine

e <
n o (q\]
&4 jt ; Effect of L-carnitine supplementation on blood lactate
= & Post-exercise blood lactate/lactic acid levels were
reported in 13 publications. The heterogeneity among
= = s . these studies was moderate (I> = 64%), therefore, the
S random effect model was performed to estimate the
) 3 g pooled effect size. The pooled analysis demonstrated
£z 8 2 g 3 < that LC supplementation significantly decreased blood
é = S = -§ = 2 lactate/lactic acid levels compared with placebo (SMD =
g " S & s < ~0.52mmol/L, 95% CI: -0.85 to—0.19, p=0.002) (Figure
© o 23 2A). The funnel plot analysis showing the asymmetrical
" 5 " 5 " 5 s funnel plot for the blood lactate levels suggested the
9 2 9 2 < 2 = presence of the publication bias (Figure 2B).
5 5 5 g The data was further analyzed based on the duration of
< supplementation (acute vs. chronic supplementation).
2 = The chronic supplementation group comprised of the
= 2 < = . . . .
= 5 g S studies which prescribed the LC supplementation
= = =] .
p= for at least a week. The subgroup analysis showed
g that chronic LC supplementation resulted in the
=) = e g :1 significantly lower post-exercise blood lactate levels
% = g = z g z %‘ than placebo (SMD = —0.69 mmol/L, 95% CI: —-1.16 to
> 2 o) 5 & 'E k= —0.21, p=0.004). Moreover, the acute supplementation
a group also demonstrated the lower blood lactate
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L-Carnitine Placebo Std. Mean Difference Std. Mean Difference

(A) Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.1.1 Chronic supplementation

AbuMoh'd 2021 466 092 10 7.21 0.74 10 3.4% -2.93[-4.26,-1.59)

Broad 2011 499 1.66 8 533 091 7 44% -0.23[-1.25,0.78] —

Chun 2011 {(2g) 6.88 068 6 7.02 052 6 40% -0.21 [-1.35,0.92) —

Chun 2011 {(3g) 6.25 1.05 6 639 164 6 40% -0.09[-1.23,1.04] —

Chun 2011 {4g) 587 1.08 B 6.8 2.09 B 39% -0.52 [-1.68, 0.64] ==

Chun 2011 (5g) 6.31 1.56 6 696 1.87 6 40% -0.35[-1.49, 0.80] —

Chun 2011 {6g) 6.09 1.16 B 6.8 0.98 6 39% -0.61 [-1.78, 0.56] —

Gorostiaga 1989 262 0.39 10 278 04 10  49% -0.39[-1.27,0.50] —

Koozehchian 2018 (3 weeks) 451 096 12 6.69 098 11 4.2% -217[3.24,-1.10]
Koozehchian 2018 (6 weeks) 422 1.27 12 575 1.14 i 4.8% -1.22[-2.12,-0.31]
Koozehchian 2018 {9 weeks) 3.96 099 12 624 1.25 11 4.4% -1.96 [-2.99,-0.93]

Kraemer 2006 14.07 2.86 10 1422 24 10  49% -0.05 [-0.93, 0.82] —
Marconi 1985 673 05 6 608 119 6 39% 0.66 [-0.52,1.83] e
Ransone 1997 1283 21 26 1289 218 26 6.3% -0.03 [-0.57,0.52] —
Subtotal (95% CI) 136 132 61.0% -0.69 [-1.16, -0.21]

Heterogeneity: Tau®= 0.53; Chi*= 40.60, df=13 (P = 0.0001); F= 68%
Test for overall effect: Z= 2.85 (P = 0.004)

1.1.2 Acute supplementation

1 \ ’HIHHMH

Arazi 2017 (aerobic) 1688 1.72 9 16.66 1.34 9  46% -0.67 [-1.62,0.29)] ~
Arazi 2017 {anaerohic) 16.41 1.42 9 17.47 112 9  46% -0.79[1.76,0.18] F
Colombani 1996 1.4 0.26 7 1.3 0.26 7 43% 0.36 [[0.70,1.42) r—
Erodlu 2008 {female) 13.68 3.55 8 11.58 2.77 8 44% 0.62 [-0.39, 1.63] -
Eroglu 2008 (male) 13.33 449 8 1075 256 8 4.4% 0.67 [-0.35, 1.68] —
Jacobs 2009 1015 3.66 24 1181 418 24 6.2% -0.42 [-0.99,0.16] =T
Orer 2014 (3g) 309 048 12 42 05 12 52% -0.41 [1.22, 0.40] —T
Orer 2014 (40) 3.84 048 14 44 047 14 52% -1.14 [-1.95,-0.34] —_—
Subtotal (95% CI) 91 91  39.0% 0.28 [-0.72,0.16] <
Heterogeneity: Tau®= 0.20; Chi*=14.12, df=7 (P = 0.08); F=50%
Testfor overall effect Z=1.24 (P=0.22)
Total (95% CI) 227 223 100.0% -0.52 [-0.85, -0.19] Lol
Heterogeneity: Tau®= 0.37; Chi*= 56.19, df= 21 (P < 0.0001); F=63% ‘4 -,2 > i ‘-‘
Test for overall eﬁegt: Z=3.06 (Pf 0.002) Lower in L-camnitine Lower in placebo
Test for subaroup differences: Chi*=1.55, df=1 (P=0.21), F=35.4%
SE(SMD)
(B) 0T A
I
H
)%
TN
2 s
L (O
L
0.2+ i om
Il I . )
Il b d‘\
’ \
1 ! \
0.4+ D : \
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Ib % o ‘\
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Figure 2. Forest plot and funnel plot of lactate level
levels than the placebo group, although statistically analyses suggested that the beneficial effect of LC

insignificant (SMD = —0.28 mmol/L, 95% CI: -0.72 to  supplementation might be more pronounced in athletes
0.16, p = 0.22). Therefore, the results of the subgroup receiving chronic supplementation.
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( A) L-Carnitine Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 Chronic supplementation
Chun 2011 (2g) 5752 342 6 57.07 3.07 6 21.6% 0.45[-3.23,4.13] G
Chun 2011 (3g) 60 6.16 6 62.06 7.29 6 50% -2.06[9.70, 5.58) ——
Chun 2011 (4g) 67.26 7.66 6 5933 757 6 39% 7.93[0.69, 16.55) T
Chun 2011 (5g) 63.64 486 6 59.78 647 6 7.0% 3.86[261,1033 —

Chun 2011 (6g) 61.2 4.44 6 599 488 6 10.5% 1.30 [-3.98, 6.58] s
Marconi 1985 57.8 47 6 545 37 6 12.8% 3.30[-1.49,8.09] T
Subtotal (95% CI) 36 36 60.8%  1.86[-0.33,4.06] gl
Heterogeneity: Chi*=4.24, df=5 (P =052); F=0%
Test for overall effect. Z=1.67 (P=0.10)
1.4.2 Acute supplementation
Arazi 2017 495 4 9 476 48 9 17.6% 1.90[-2.18, 5.98] -
Dehghani 2015 52.9 6.4 10 474 386 10 13.6% 5.50[0.87,10.13] —_—
Eroglu 2008 {female) 4874 6.16 g 4994 7.31 8 B6.7% -1.20[7.82 542 —_—
Erodlu 2008 {male) 61.85 1414 8 6033 16.3 8  1.3% 1.52[13.43,16.47)
Subtotal (95% CI) 35 35 39.2%  2.61[-0.12,5.35] <>
Heterogeneity: Chi*= 2.90, df=3 (P =0.41); F=0%
Test for overall effect: Z=1.87 (P = 0.06)
Total (95% CI) 71 71 100.0% 2.16 [0.45, 3.87] Lo
;—_{ettta;ogeneltylzl C#n ? ;322 ilf;gEPU:Uil.ﬁU); F=0% =0 E b 10 20
estioroverall effect 2=2.47 (°=0.01) Higher in Placebo Higher in L-Carnitine
Test for subaroup differences: Chi*=0.18, df=1 (P = 0.68), F=0%
|]__SE(MD) n
(B)
/l ! \\
’ 1 \
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’ O : \\
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/ \
7 el®
/' : \\
| e
a4+ " (@] ] %
4 3
/// E o \\\
/,/ : \\\
’ I \
6T :
y : \
’ ! \
4 1 \
/ H \
/ O N
iy ; | \
7 : X
/s I N
’ 1 \
; | \
K : . MD
10 + + + t +
-20 -10 10 20

Subgroups
E Chronic supplementation <> Acute supplementation

Figure 3. Forest plot and funnel plot of \'/O2 max

Effect of L-carnitine supplementation on VO2 max

Four publications reported VO, max after either LC
or placebo supplementation. The heterogeneity among
these studies was very low (I = 0.00%), thus the fixed
effect model was used in the analysis. The pooled
analysis showed that the LC supplementation group had
significantly higher V02 max compared to the placebo
group (MD = 2.16 ml/kg/min, 95% CI: 0.45 to 3.87,
p = 0.01). Moreover, the subgroup analyses showed
that both acute and chronic LC supplementation effects
on \702 max were similar (Figure 3A). The funnel

Vol. 31(3)
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plot analysis showing the symmetrical funnel plot for
VO, max indicated that the presence of the publication
bias was unlikely (Figure 3B).

Discussion

The main aim of this meta-analysis was to determine the
effects of LC supplementation on exercise performance,
specifically on aerobic capacity (VO2 max) and
post-exercise blood lactate levels. Additionally, it
provided the evidence of the effective duration of LC
supplementation. The main results indicated that oral
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LC supplementation could result in lower plasma lactate
after exercises and higher V02 max in athletes and/or
physically trained individuals. Furthermore, the subgroup
analyses revealed that only chronic LC supplementation
resulted in significantly lower post-exercise blood lactate
levels than placebo, while both acute and chronic LC
supplementation caused higher \702 max.

Exercise-induced fatigue, resulting from prolonged
and intense physical effort, may negatively affect
athletic performance [29]. Previous evidence indicated
an association between increased blood lactate levels
and an incidence of exercise-induced muscle fatigue
[16, 39]. Lactate is a by-product of glycolysis, an
anaerobic pathway that rapidly produces ATP during
periods of dysoxia [33]. Consequently, to enhance
sports performance, it is essential to explore strategies
for either delaying onset of exercise-induced fatigue or
accelerating a recovery process. LC supplementation
has been claimed to improve recovery after exercises
through different mechanisms, for example by reducing
intramuscular metabolic stress associated with an
increased lactate accumulation [1, 44]. In a crossover
study on six untrained individuals, Giamberardino et al.
reported that 3 weeks of LC supplementation alleviated
muscle pain and tenderness, as well as reduced creatine
kinase (a marker of muscle damage) levels after eccentric
effort [13]. Moreover, a series of studies conducted
by Kraemer et al. revealed a positive impact of LC on
alleviating exercise-induced hypoxia, muscle damage,
and delayed onset muscle soreness (DOMS) [21, 22,
37]. Arazi et al. observed that acute LC supplementation
resulted in lower lactate levels compared to placebo
after both aerobic and anaerobic exercises in gymnast
athletes [3]. Another study also reported that acute
oral supplementation of glycine propionyl-L-carnitine
(GPLC) can reduce lactate production in resistance-
trained men after high-intensity exercises [ 17]. This effect
was probably due to a role of LC supplementation in
regulating energy metabolism by maintaining the acetyl-
CoA/CoA ratio, thereby allowing continuous pyruvate
dehydrogenase activity and thus preventing lactate
formation [36]. Another study also reported that a two-
week daily oral supplementation of LC decreased serum
LDH levels after an intense bout of exercise in active
healthy young men, which may further prevent lactate
formation [30]. In addition, LC enhances esterified fatty
acids transport across an inner mitochondrial membrane
for B-oxidation, thereby reducing utilization of muscle
and liver glycogen as an energy source, resulting in
reduced lactic acid production [35]. Furthermore, LC
increases blood flow and oxygen delivery to muscle
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tissues by enhancing endothelial function. This, in turn,
may decrease cellular and biochemical disturbances
induced by hypoxia, ultimately contributing to a reduced
lactate accumulation and improved muscle recovery
[11]. However, other studies reported contradictory
results that do not support a beneficial effect of acute
LC supplementation on blood lactate response after
exercising [8, 10, 25, 38]. Meanwhile, a recent meta-
analysis result indicated that chronic LC supplementation
alleviated DOMS and reduced levels of muscle damage
biomarkers, including CK, myoglobin (Mb), and LDH,
in both untrained [43] and physically active healthy
young men [30]. A possible rationale is that acute LC
supplementation is insufficient to increase muscle LC
content [11].

\'/O2 max represents the maximum capacity of the
pulmonary, cardiovascular, and muscular systems
to uptake, transport, and utilize oxygen throughout
prolonged and intense physical activity. Therefore,
\702 max is frequently used as a parameter of athletes’
aerobic capacity and their fitness level [23]. VO, max can
be increased by means of endurance physical training
with specific frequency and duration [6, 24]. However,
increasing V02 max through diet or consumption
of certain supplements, remains a subject to debate.
LC supplementation has been reported to increase
VO2 max, although a physiological mechanism is still
unclear [3, 7, 9, 25]. The present meta-analysis revealed
that the LC supplementation group had significantly
higher \‘/O2 max compared to the placebo group. The
increase in VO, max from LC supplementation may be
related to its effect on enhancing fat oxidation. Because
fat oxidation requires more oxygen compared to
carbohydrates, the cardiovascular system must deliver
more oxygen to muscles [26]. Therefore, an increase
in an oxygen demand to facilitate an entry of pyruvate
into the beta-oxidation pathway may result in elevated
oxygen consumption as a physiological response.
Moreover, the effect of LC on an increasing blood flow
and oxygen delivery to muscle tissues also contributes
to an improvement of \'/O2 max [11]. Furthermore, it
seems that a decrease in blood lactate levels after LC
supplementation can also explain the improvement of
\'/O2 max. Lower lactate production during exercises
may have allowed the LC group to achieve higher
levels of V02 max before fatigue occurred, suggesting
a potential improvement in endurance capacity.

Conclusions

To the best of our knowledge, this is the first systematic
review and meta-analysis to evaluate the effects of
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both acute and chronic LC supplementation on aerobic
capacity (\'/O2 max) and post-exercise blood lactate
levels in athletes or physically trained individuals.
The current study demonstrated that chronic LC
supplementation may be beneficial for enhancing
athletic performance by reducing post-exercise blood
lactate levels and improving \./O2 max in athletes.
Further research is required to quantify the efficacy of
LC in a homogeneous supplementation strategy with
regard to dosage and timing, and a similar exercise
protocol over a longer timeframe and with a larger
number of participants.
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