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Abstract

Background. Sport climbing is becoming increasingly popular, especially after being added to
the Olympic program. Both amateur and professional climbers are preparing through training
programs, developing general strength, power, endurance and specific skills. Other factors
related to sports results include nutrition, proper recovery, and the use of supplements, which

are widely discussed in this article.

Aim. The aim of this study is to evaluate and summarize the impact of different supplements
on sport performance, health, and overall wellbeing of climbers, considering many factors
influencing the effectiveness of supplementation (including competitive and recreational levels

of athletes and different genders).

Research materials and methods. A narrative review of the literature was conducted using
PubMed and Google Scholar. Attention was devoted to meta-analysis and systematic reviews

focused on the impact of supplements on sport performance, especially among climbers.

Summary and Conclusions. Supplements intake can have a significant impact on climbing
performance. It can not only enhance physical parameters, like upper-body strength or forearm
endurance, but also increase alertness, improve cognitive functions and wellbeing of athletes,
although more research should be provided to understand and evaluate all potential risks and

benefits.

Key words: climbing, bouldering, sport performance, supplements, caffeine, creatine, beta-

alanine, beetroot juice, New Zealand blackcurrant.
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1. Introduction

Sport climbing is a relatively new sport discipline, that was included in the Olympics in
2021 at Tokyo [1, 2]. It was firstly introduced as a triathlon consisting of three disciplines:
bouldering, lead climbing and speed climbing. At the 2024 Olympics in Paris, this concept
changed to two separate competitions — Speed and Boulder & Lead combined [3]. All these
disciplines differ from each other in rules and have specific athletic demands for competitors
[4]. Bouldering is practiced on smaller walls or rocks (up to 4-5 m) and protection from falls is
provided by crashpads and spotters. The boulder ‘problems’ usually consist of few powerful
and highly physically demanding moves. During competitions, the outcome is usually based on
the number of solved ‘problems’ in the minimal possible attempts. Lead climbing is performed
on higher objects (ranging from a few to approximately 60m). It demands a partner who can
belay the climber by using ropes clipped to quickdraws attached to fixed points on an artificial
wall or rock. During sports events, climbers try to ‘send’ (complete the whole route) in a limited
time without seeing it beforehand. Climbers are obligated to overcome short or long sequences
of moves, sometimes divided by easier terrain, where they have the possibility to
recover. Speed climbing stands out, as the aim is not to climb at a particular difficulty level,
but to complete a known route in the fastest possible way. Each discipline requires different
preparation and specific skills from athletes. In general, sport climbing demands aerobic and
nonaerobic energy systems [5], although lead climbing, as a long-term effort, is associated with
greater emphasis on endurance, whereas bouldering and speed climbing rely more on power
and strength [6]. The highest explosive strength is required in speed climbing. In general, there
are many variables that affect the difficulty of a climbing route or problem, for example: the
kind and size of holds, footholds and the angle of the wall. Usually, more overhang walls require
more athletic moves, whereas smaller holds are associated with higher finger and grip strength
[7]. Also, the mental aspect can affect the outcome, as not overcoming the difficulties may be
associated with falling onto the crashpads in bouldering or a few meters of freefall in lead
climbing, which can be potentially harmful. In competitions, this danger is reduced and the falls
are rather safe [5].

The typical body composition of elite athletes can be characterized as short, lean, low
weight, with a low percentage of body fat [8]. This appearance has an explanation in the sport's
specification. Some of the parameters, assessed as crucial for elite climbers, are the maximum
finger and wrist flexor contraction, overall hand strength and strength-to-weight ratio [9]. This

ratio can be improved either by improving strength or reducing body weight, which is a strategy
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used by all-level climbers. Activities focused on weight and body fat reduction, when provided
irresponsibly or inadequately, can lead to worsening of sports performance and serious health
consequences. Inadequate nutrition and insufficient caloric intake are directly related to proper
energy availability (EA), defined as the energy left for the body to function properly after
energy is consumed during exercise. Inappropriate nutrition can result in low energy availability
(LEA) [10], which is an inappropriate energy intake in relation to body requirements to
maintain optimal health and sport performance [11]. The LEA definition was extended, firstly
in 2014 [12] and later updated in 2018 [13] and 2023 [11] by International Olympic
Committee’s (IOC) as Relative Energy Deficiency in Sport (REDs). The new definition of
REDs describes physiological malfunction (including low energy level, bone, immunological
and cardiovascular health, metabolic and reproductive function) caused by exposure to LEA. It
affects male and female athletes and can lead to a worse quality of life, poorer sports
performance, and a higher risk of injury [11]. Nutritional restrictions and an inappropriate
lifestyle can also lead to deficiencies in micronutrients and vitamins. In this context, proper
nutrition and energy intake are highly important to maintain optimal condition and athletes’
performance. Apart from diet, another factor affecting nutrition is dietary supplements. They
are widely used by all-level athletes to benefit from reported advantages, including preventing
and correcting deficiencies, increasing energy levels and performance during training sessions,
and achieving health and sport-related benefits [14]. Despite many supplements being widely
examined among athletes from different disciplines, not many studies are focused on climbers.
The aim of this study is to investigate the impact of supplement use among climbers. The study
considered the impact of supplements on athletes' health and general well-being, with a main

emphasis on sports performance.

2. Research materials and methods

This study is based on two large, scientific databases — PubMed and Google Scholar to
provide relevant and reliable literature on supplementation in sport climbing. The publication
date was not limited, although the latest research, especially meta-analyses and literature

reviews, was prioritized. The keywords used during the search process are presented in

Table 1. Articles were selected by authors in accordance with topic compliance, research

quality and language of study.



Table 1. Databases and Keywords

DATABASES PubMed, Google Scholar

(1113

»supplementation “, ,,climbing “, bouldering “*“, ,,caffeine “,

KEYWORDS ,,creatine , ,,beta alanine “, ,,beetroot “, ,,New Zealand blackcurrant “

3. Prevalence of supplement intake among climbers

The frequency of supplement use varies among athletes, ranging from 40 to 100%
depending on sex, age, type of sport, method of study and definition of supplement [14, 15].
Among senior competitor climbers 65% declare intake of one or more supplement and 44%
reported using more than one supplement during last 6 months. Another study that includes
mostly advanced and intermittent climbers reported even higher prevalence of supplements
intake (67.5% of women and 84.3% of male participants) [16]. The cross-section of
supplements used by climbers is wide and differs between studies. Protein powder and creatine
are the most popular supplements in most studies [16-18]. Prevalence of other supplements
used varies and the most frequently mentioned are magnesium, vitamin C, B group vitamins

and beta-alanine.

4. Supplements enhancing climbing performance

From the many available and often mentioned supplements, a few were selected for
further investigation. Attention was focused on this, which has previously been reported in other
sports as the most effective or was researched among climbers. Consequently, we described
four supplements (caffeine, beta-alanine, beetroot juice and New Zealand blackcurrant extract),
whose influence on climbing performance has already been studied. Besides, the impact of
creatine intake was described, since it is one of the most researched supplements influencing

athletes’ health and performance.

4.1. Caffeine

Among other supplements, caffeine is among the most common and well-studied
substances. It is used by athletes of all kinds, regardless of whether they focus on strength or
endurance. The main way in which caffeine works is by acting as an antagonist of adenosine

receptors. Adenosine and its receptors participate in the regulation of neurotransmitter release



(acetylcholine, dopamine, norepinephrine, serotonin) [19]. Blockade of receptors results in
increased concentrations of neurotransmitters, influencing cognitive functions, feelings of
fatigue and mood (16). Other described mechanisms include impact on mobilization of
intercellular calcium and inhibition of phosphodiesterases (resulting in cAMP accumulation)
[20]. 1I these actions, which occur at the biochemical level, affect the organism's function and
sports performance. In a large umbrella review in 2019, Grgic et al. [21] reported the ergogenic
effect of caffeine across the following aspects: aerobic endurance, strength, muscle endurance,
power, jump height, and exercise speed. Most of the findings were observed among young male
participants and the investigated benefits were associated with ingestion of a determined dose
of caffeine (mainly 6mg/kg) around 1 hour before exercise.

Among climbers at all levels, caffeine is the most frequently reported supplement,
believed to enhance performance, with a higher prevalence among elite athletes (51% of study
participants) than among advanced and intermediate athletes (40% and 33% of study
participants, respectively) [22]. In contrast, among Polish climbers, no one reported using
caffeine, although it applies only to supplements (like pills or shots), excluding consumption
with tea, coffee and other foods and drinks, so accurate daily intake is hard to evaluate [16].
Research among climbers is not fully consistent with the benefits reported in other types of
training and exercise. Ruiz-Lopez et al. [23] reported that participants receiving a low dose of
caffeine (3mg/kg) noticed psychophysical improvements, although these did not transfer to
objective measures. None of the physical indicators (strength, power, endurance) has improved.
Surprisingly, a slight but statistically nonsignificant decrease in grip endurance was reported.
The fact that the study does not include female and elite climbers is worth noting. However,
another study that analyzed energy drink intake (containing 3mg/kg caffeine) reported
increased maximal pull-up repetitions and prevented a decrease in isometric strength during
performance, although it had no influence on maximal pull-up speed [22].

Sport climbing is regarded as an activity that demands both physical and psychological
skills. It was reported that cognitive and psychological factors can affect not only climbing
performance but also the preparation process (e.g., previewing boulder problems) [22] and in
this context, caffeine intake may also confer benefits. It was previously mentioned that caffeine
can improve the level of energy, alertness, mood and indicators such as simple reaction time,
choice reaction time, memory and fatigue level [24], which is significant advantage during

exercise and performance.



Several studies have suggested a smaller ergogenic response to caffeine among females
[25], whereas a recent study including well-trained men and women showed no differences in
the positive influence on strength, power and endurance between the sexes [26]. Despite that,
no research regarding sex differences among climbers was conducted. To evaluate the cognitive
and physical benefits for all-level climbers, more studies should be conducted, taking into
account elite climbers, females, and different caffeine dosages, as most previously reported
benefits were observed after consuming 6 mg/kg caffeine. Nevertheless, it is highly probable
that caffeine supplementation can improve climbing performance by increasing alertness and
focus, as well as strength, power, and endurance, and it cannot be ruled out that it influences all

of them.

4.2. Creatine

Creatine is an amino acid belonging to the guanidine phosphagens family and is naturally
occurring in the human body, mostly in muscles (95%) and the remaining in the heart, brain,
and testes. It comes from two sources: dietary intake (mostly red meat and fish) (26, 27), or
endogenous synthesis. In the human body, creatine is formed from two amino acids through
several processes. Firstly, arginine and glycine are combined to form guanidinoacetate (GAA)
by arginine glycine amidinotransferase (AGAT). This process continues with GAA
methylatization by the enzyme guanidinoacetate N-methyltransferase (GAMT) using S-
adenosyl methionine (SAMe) to obtain the final form of creatine (28). Normally, during the
elimination process, creatine is converted to creatinine and excreted with the urine at
approximately 2g/day [27]. Average daily, unsupplemented intake of creatine is 1-2g/d,
although the provided type of diet (depending on daily meat and fish consumption) and other
health conditions must be considered to determine optimal intake [28].

In muscles creatine occurs in two forms: 2/3 as phosphocreatine (PCr) and 1/3 as free
particle (Cr) [27, 29]. PCr is a high-energy product and participates in energy production by
providing phosphagens for the regeneration of adenosine triphosphate (ATP) from adenosine
diphosphate (ADP) during exercise. It participates in energy metabolism mainly during short-
term exercise, as the PCr stores are depleted within 10-15 seconds [27].

Best of our knowledge, no studies investigating the influence of creatine on climbing
training or performance have been conducted. There are, however, many papers describing the
benefits and ergogenic effects of creatine supplementation among different types of athletes.

Typically, two supplementation protocols are suggested: 1) ingesting 20g/day (divided into four
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portions) for 5 to 7 days, followed by dose 5g/day, which is suggested the most effective way
or 2) ingesting 3g creatine/day for 28 days, but the ergogenic effects on trainings and
performance are delayed in time, compared to the first protocol [28]. reatine influences many
aspects of sport performance, including body recomposition, increased high-intensity exercise
capacity [30] muscle mass and strength adaptation, enhanced recovery [28, 31] and improved
glycogen restoration [32]. It affects body mass by increasing lean body mass and reducing body
fat percentage [33]. Regardless of the type of exercise or training performed,, creatine
supplementation may help prevent and rehabilitate from injuries, which is significant,
especially in competitive sport [28]. Moreover, cognitive functions (such as memory, attention
time improvement, and processing speed time) are reported to improve after regular
supplementation [34]. All these benefits clearly indicate that climbers should also theoretically
benefit from creatine supplementation. Greater muscle mass and strength shall be
advantageous, especially in bouldering or speed climbing, due to more athletic strength and
power demands. The only side effect, although relevant for climbers, might be weight gain. It
may worsen climbing performance by impairing the strength-to-weight ratio, although no
studies on this topic have been conducted, so it is impossible to provide a final evaluation [28,
30]. Nevertheless, despite the lack of data from climbing athletes, it is highly probable that all

previously mentioned benefits may outweigh potential weight gain.

4.3. Beta-alanine

Beata-alanine (BA) supplementation is currently popular among elite athletes due to its
ability to improve sports performance. BA, classified as a nonproteinogenic amino-acid, along
with histidine, is a substrate necessary for carnosine synthesis (p-alanyl-L-histidine), a
substance responsible for maintaining acid-base homeostasis in skeletal muscles. High-
intensity, short-term training is associated with anaerobic metabolism and an increase in the
concentration of lactic acid, which is later decomposed to lactate and H+ ions, leading to
changes in acid-base balance [35]. Physiologically, homeostasis of pH is ensured by intra- and
extracellular buffers (e. g., beta-alanine (intracellular) and bicarbonate (extracellular)) [36]. As
the effort continues, buffering capacity lowers and pH decreases, resulting in less efficient
muscle contraction and increased fatigue, consequently impairing athletic performance [37].
Carnosine acts like an intracellular buffer, reducing acidosis in muscles and thereby delaying
the onset of exhaustion [38]. Supplementation of BA can significantly improve the efficiency

of the buffering process, as its low concentration in muscles is considered a limiting factor for
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carnosine synthesis [39]. A small amount of BA is delivered to muscles from the liver and the
other way to increase the concentration is through dietary intake or additional supplementation
[40]. Besides its buffering features, other health benefits of carnosine are highlighted in the
literature (antioxidant, anti-aging function and Ca2+ sensitization of the contractile system
leading to enhanced force production) [36, 41]. As mentioned before, bicarbonate also provides
acid-base regulation, with the difference that they work extracellularly. Theoretically, providing
its supplementation should increase buffering capacity and act additively with BA. It is worth
noting that some studies suggested additional benefit from co-supplementation of BA with
sodium bicarbonate [42, 43].

The optimal BA supplementation protocol assumes consumption of 4-5.6g to 6.4g per
day for 4 weeks, preferably divided into smaller portions [44, 45]. Beyond that, it is significant
to understand that the benefits of BA supplementation depend on the type and length of
training. It can improve power, strength, performance time and total sets performed when the
work duration is up to 10 minutes. It is not conclusive whether the minimal duration time is 4
minutes [44] or 0.5 minutes [46], although it is certain that it has no influence on effort under
0.5 minutes. It is important to understand that not every athlete may benefit from the
supplementation in the same way.

To our knowledge, the influence of isolated BA supplementation on climbing
performance has been studied twice. The first study revealed no improvement in climbing
performance among amateur boulderers, except for later fatigue onset [47]. Conversely, the
results reported by Sas-Nowosielski et al. [48] matched those of research conducted among
athletes from other fields. The supplementation enhances power endurance, in this case
understood as the ability to repeat high-intensity, intermittent upper-body training. Athletes
were also tested on two kinds of traverses (previously designed routes), divided into easy and
difficult ones. No benefit was observed on “hard” traverse (where climbers performed below 1
minute due to its’ intensity), although time to failure and the number of moves performed before
failure on “easy” (and longer lasting) traverse increased by 59% and 51% respectively.
Moreover, another study showed improvement in the number of moves made and time of
climbing on both ,,hard” and “easy” planned circuits, after four weeks of co-supplementation
of BA and sodium citrate (CarnoRushTM) [49] indicating enhancement in short-term, climbing
endurance. Due to limited data among climbers, it is impossible to decide unequivocally
whether BA supplementation improves climbing performance. However, given the mentioned

research, it is probable and warrants further studies.
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4.4. Beetroot Juice

Beetroot juice (BJ) is considered a supplement that enhances sports performance due to its
high nitrate (NO3-) concentration [50]. It can be broken down to nitrite (NO2-) in oral cavity
[51] and later in stomach, where it is converted to nitrite oxide [52]. NO compound, which acts
as a vasodilator, may have positive impact on blood flow, increasing muscle oxygenation [53]
and improving force of contraction in fast-twitch (type II) muscle fibres [54], which can result
in more effective muscle contractions and lower consumption of ATP during performance [55].
Some studies have shown a positive effect of BJ on brain perfusion and cognitive function. The
impact on neuromuscular performance is still inconclusive. Some improvements were reported
[56, 57], as well as few researches without noticeable results [58, 59]. To provide the best
possible outcome, the following supplementation parameters were established: 5-25 mmol-d—1,
provided 2—3.5 h before exercise [60].

In a 2020 systematic review, it was reported that BJ can improve sports performance in
some competitors [60]. The visible ergogenic effect of NO3- supplementation was observed in
healthy, amateur athletes. It probably does not depend on FiO2 during workout (hypoxia vs
normoxia) [60]. There was no improvement in studies that included only women or elite
athletes. Acute BJ supplementation may also improve cardiorespiratory endurance, whether
chronic supplementation can enhance time-to exhaustion during submaximal effort) [61]. The
newest umbrella review, focused on nitrate supplementation and sport performance, reaffirms
a beneficial effect on time-to-exhaustion [TTE], total distance covered, muscular endurance,
peak power output [PPO] and time to reach PPO, although it denies other effects (including
muscular strength) [62]. In total, nitrate consumption can lead to improvements of up to
approximately 3% [60], which is an objectively low value, although in professional sports,
differences around 1% are considered significant [63].

Like other supplements, the influence of BJ has been very little examined among
climbers. Berlanga et al. [64] in their research, they reported no effect of acute BJ
supplementation (70 mL, 6.4 mmol NO3-) on neuromuscular performance in amateur climbers,
measured by jump height, isometric handgrip strength, the pull-up until failure test, and the
maximal isometric half crimp test. No changes in isometric strength have been reported in other
athletes [65]. However, a positive impact on lower-body strength, power and endurance among
high-mountain climbers was also reported, indicating that it probably reduces muscle fatigue
and pain [66]. This small amount of data does not allow for a reliable and unambiguous

evaluation of the influence of BJ consumption on climbing performance. Although based on
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the above-mentioned studies, it is advisable to conduct further research in this group of athletes,
considering optimal supplementation parameters and including different criteria (biological

sex, training level).

4.5. New Zealand Blackcurrant

Berries are fruits, considered health-improving superfoods due to yheir content of
anthocyanins [67], specific class of flavonoids capable of decreasing oxidative stress,
inflammation and mitochondrial depletion [68]. Blackcurrant contains a higher concentration
of anthocyanins, mainly delphinidin glycoside, than other berries (130-460 mg/100 g fruit
weight of total anthocyanins compared to 62—300 mg/100 g fruit weight of total anthocyanins
in blueberries) [69]. It was found that New Zealand Blackcurrant (NZ BC), which grows in
New Zealand, has the highest concentration of anthocyanins, probably due to exposure to
intense UV radiation and long insulation [70]. Besides reducing oxidative stress, anthocyanins
can also induce vasodilatation and improve peripheral blood flow, potentially enhancing
athletes’ performance [71]. The standard dosing protocol used in studies involves taking 600
mg/day NZ BC extract for 7 days.

Among climbers, only a few studies on NZ BC intake have been conducted, although
they have suggested potential benefits for sport performance. It increases muscle oxidative
capacity, a value assessed as the amount of oxygen in the middle of recovery; however, it does
not affect isolated forearm muscle performance [72]. Improvement in time to half recovery was
confirmed in another study, although without influence on forearm endurance performance or
arterial blood flow. Among potential advantages, it significantly improved total climbing time
(TCT) comparing to placebo (+23% vs -11%) over three climbs to exhaustion, which which
were separated by 20-minute rests [73]. Also, higher hang time was noticeable, although
influence on pull-ups was not observed. Measuring parameters (heart rate, blood lactate,
forearm girth, and hand grip strength) allow to define that 20 minutes was not enough time to
obtain full recovery. This fact confirms the statement that NZBC enhance recovery and

improves climbing performance by increasing TCT.

5. Risk associated with supplementation
Every supplement, even this recognised as safe, may cause adverse effects, especially

when the optimal supplementation protocol is not followed or many substances are consumed,



as they can interact with each other [14]. The most common side effects of supplements
mentioned in this study are:
1) Caffeine: muscle soreness, increased urine output, tachycardia and heart

palpitations, anxiety or nervousness, headache, gastrointestinal problems, insomnia

[74, 75]
2) Creatine: weight gain [28]
3) Beta-alanine: paresthesia [76]
4) Beetroot juice: Not reported
5) New Zealand blackcurrant extract: Not studied

All side effects of caffeine intake were reported significantly more frequently with high-dose
supplementation (9mg/kg) than with lower doses (3mg/kg and 6mg/kg). Kreider et al. [28]
reported that low-dose creatine supplementation does not cause any other side effects. No side
effects after consumption of beetroot juice were reported, although it can be potentially harmful
due to its high nitrate concentration, which may promote NOCs formation. NOCs can have
potentially carcinogenic effects, although the correlation between cancer risk and beetroot juice
supplementation was not studied [77]. To our knowledge, the side effects of New Zealand
blackcurrant extract have not been studied.

Another negative aspect of using supplements is the possibility of contamination. Even
though the previously described substances are legal and safe, they may contain prohibited
substances (as undeclared ingredients or contaminants). It is hard to estimate the probability of
supplement contamination, though even a small addition of substances could lead to positive
anti-doping test results [14]. In this regard, the selection of the type and source of the
supplement, as well as the supplementation protocol, should be preceded by proper research

and comparison of potential risks and benefits.

6. Conclusions

Sport climbing is becoming more popular and an increasing number of people are
beginning to train and compete. While properly structured training plans and suitable nutrition
remain the most significant factors in progress, athletes will always seek additional ways to
enhance their performance. It is important to identify means to develop it in an optimal and

safe way. The aim of this study was to summarise current knowledge about the influence of
1



supplements on climbing performance. They can enhance physical factors such as strength,
endurance, power and specific climbing skills, as well as cognitive functions, concentration,
alertness, feelings of fatigue and recovery time. Multiple studies reported significant ergogenic
effects and promising improvements, although it is important to note that only a few included
climbers. To determine potential benefits with greater certainty, more future studies should be
conducted. Also, potential risks, including negative health effects and contamination with

prohibited substances, should be considered before deciding to consume supplements.
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