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Abstract 
Despite the contradictory data on the effect citrulline has on various aspects of physical performance and post-
exercise recovery, it is commonly used in sports. Most of the available studies have been performed in recent 
years, which affirms the increased interest in this substance. The inconsistent data on the effectiveness of cit-
rulline can be associated with the heterogeneity of both the research protocols and the study samples. Thus, 
coaches and athletes of various levels may be interested in the results of high methodological quality research 
that assessed the effect of acute and chronic intake of citrulline on various aspects of physical performance.
The research purpose is to evaluate the effect of citrulline on physical performance in elite athletes.
Materials and methods. The Pubmed database was searched for randomized controlled trials in English con-
ducted from 2000 to 2021 among healthy subjects of different levels of physical fitness to assess the effect of a 
single standardized intake of citrulline or citrulline malate on various parameters of physical performance and 
post-exercise recovery, such as rating of perceived exertion, delayed onset muscle soreness, lactate, creatine 
kinase, strength, power, endurance, speed, heart rate and blood pressure.
The words ‘citrulline malate’ and ‘citrulline’, as well as their combinations with words and phrases ‘rating of 
perceived exertion’, ‘delayed onset muscle soreness’, ‘lactate’, ‘strength’, ‘power’, ‘endurance’, ‘speed’, ‘physical per-
formance’, ‘heart rate’, ‘creatine phosphokinase’ and ‘blood pressure’ were used as search queries. 
The search was carried out by two independent experts where any disputes were resolved by the opinion of the 
main author of the study. The exclusion criteria were as follows:
- age of participants less than 18 years;
- participants with any somatic pathology;
- use of citrulline or citrulline malate in combination with other substances.
Results. A total of 1286 studies were found, of which 22 (427 participants) were randomized controlled trials
that met the inclusion criteria. The majority of research was conducted on amateur-level athletes or physically
active healthy people from the general population aged 18 to 51 years. Six studies analyzed the effect of a course
standardized ingestion, while 16 analyzed the effect of a single dose of citrulline on various aspects of physical
performance, cardiovascular performance and post-exercise recovery.
When analyzing the data on the effectiveness of citrulline, it was reported that 10 out of 22 studies could provide
no evidence that citrulline effectively improved any of the analyzed parameters. In other studies, citrulline was
most effective in improving strength parameters (6 studies), endurance parameters (5 studies) and reducing the
severity of delayed onset muscle soreness (4 studies). Regarding the rating of perceived exertion, only 3 studies
reported a positive effect of citrulline. Two more studies provided evidence of a negative effect on the rating of
perceived exertion. There was also no evidence to suggest the effectiveness of citrulline on creatine phosphoki-
nase concentration. The effectiveness of citrulline in reducing the severity of delayed onset muscle soreness at
any time after exercising was shown in only 2 studies.
Conclusion. The use of citrulline is not recommended for elite athletes. The data obtained during the analysis of
studies on the effect of citrulline on various aspects of physical performance were contradictory. Only a small
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number of studies examined data on the effectiveness of citrulline in improving performance indicators that are 
important for athletes, such as strength, endurance, delayed onset muscle soreness and lactate concentration. In 
addition, there is a possibility of unintentional violation of anti-doping rules. 
Keywords: citrulline, performance, post-exercise recovery, elite sports.
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Актуальность
Несмотря на противоречивые данные о влиянии цитруллина на различные аспекты физической рабо-
тоспособности и восстановления после тренировки, он широко используется в спорте. Большинство 
доступных исследований было проведено в последние годы, что подтверждает возросший интерес к 
этому веществу. Противоречивые данные об эффективности цитруллина могут быть связаны с неод-
нородностью как протоколов исследований, так и исследуемых образцов. Таким образом, тренеров и 
спортсменов различного уровня могут заинтересовать результаты высококачественных методологиче-
ских исследований, в которых оценивалось влияние однократного и длительного приема цитруллина на 
различные аспекты физической работоспособности.
Цель. Целью данного систематического обзора явилась оценка влияния цитруллина на физическую ра-
ботоспособность элитных спортсменов.
Материалы и организация исследования. В базе данных Pubmed был проведен поиск рандомизиро-
ванных контролируемых исследований на английском языке, проведенных с 2000 по 2021 годы среди 
здоровых людей с различным уровнем физической подготовленности для оценки влияния однократ-
ного стандартизированного приема цитруллина или цитруллина малата на различные параметры фи-
зической работоспособности и восстановления после тренировки, такие как оценка воспринимаемой 
нагрузки, мышечная болезненность с отсроченным началом, уровни лактата и креатинкиназы, сила, 
мощность, выносливость, скорость, частота сердечных сокращений и артериальное давление.
Слова «цитруллин малат» и «цитруллин», а также их сочетания со словами и фразами «оценка вос-
принимаемой нагрузки», «мышечная болезненность с отсроченным началом», «лактат», «сила», 
«мощность», «выносливость», «скорость», «физическая работоспособность», «частота сердечных со-
кращений», «креатинфосфокиназа» и «артериальное давление» использовались в качестве 
поисковых запросов.
Поиск проводился двумя независимыми экспертами, где любые споры разрешались мнением 
основного автора исследования. Критерии исключения были следующими:
- возраст участников менее 18 лет;
- участники с любой соматической патологией;
- использование цитруллина или цитруллина малата в сочетании с другими веществами.
Результаты. Всего было обнаружено 1286 исследований, из которых 22 (427 участников) были рандо-
мизированными контролируемыми исследованиями, которые соответствовали критериям включения.
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Большинство исследований проводилось на спортсменах любительского уровня или физически ак-
тивных здоровых людях в возрасте от 18 до 51 года. В шести исследованиях анализировался эффект 
курсового приема внутрь, в 16 – влияние однократной дозы цитруллина на различные аспекты фи-
зической работоспособности, показатели сердечно-сосудистой системы и постнагрузочного восста-
новления.
По итогам анализа данных об эффективности цитруллина было показано, что 10 из 22 исследований 
не смогли предоставить никаких доказательств того, что цитруллин эффективно улучшал какой-либо 
из изучаемых параметров. В других исследованиях цитруллин был наиболее эффективен в улучшении 
силовых параметров (6 исследований), параметров выносливости (5 исследований) и снижении выра-
женности отсроченной мышечной болезненности (4 исследования). Что касается оценки воспринима-
емой нагрузки, то лишь в 3 исследованиях сообщалось о положительном эффекте приема цитруллина. 
Еще два исследования предоставили доказательства негативного влияния на оценку воспринимаемой 
нагрузки. Также не было никаких доказательств, свидетельствующих об эффективности цитруллина в 
отношении концентрации креатинфосфокиназы. Эффективность цитруллина в снижении тяжести мы-
шечной болезненности с отсроченным началом в любое время после тренировки была показана только 
в 2 исследованиях.
Заключение. Имеющиеся в настоящее время данные не позволяют рекомендовать применение цитрул-
лина элитными спортсменами. Данные, полученные в ходе анализа исследований о влиянии цитрул-
лина на различные аспекты физической работоспособности, были противоречивыми. Лишь в неболь-
шом количестве исследований изучались данные об эффективности цитруллина в улучшении важных 
для спортсменов показателей работоспособности, таких как «сила», «выносливость», «болезненность 
мышц с отсроченным началом» и «концентрация лактата». Кроме того, существует вероятность непред-
намеренного нарушения антидопинговых правил.
Ключевые слова: цитруллин, работоспособность, восстановление после тренировки, элитный спорт.

INTRODUCTION
Despite the contradictory data on the effect cit-
rulline has on various aspects of  physical perfor-
mance and post-exercise recovery, it is commonly 
used in sports. Most of  the available studies have 
been performed in recent years, which affirms the 
increased interest in this substance. The incon-
sistent data on the effectiveness of  citrulline can 
be associated with the heterogeneity of  both the 
research protocols and the study samples. Thus, 
coaches and athletes of  various levels may be 
interested in the results of  high methodological 
quality research that assessed the effect of  acute 
and chronic intake of  citrulline on various aspects 
of  physical performance.
This review included 22 randomized placebo-con-
trolled trials analyzing 427 members of  the general 
population of  both sexes, aged 18 to 51 years. The 
body of  research available has examined physically 
active healthy members of  the general population 
and recreational athletes opposed to elite athletes. 
Strength and aerobic performance were estimat-
ed, along with indicators such as heart rate (HR), 
rating of  perceived exertion (RPE), delayed onset 

muscle soreness (DOMS) and lactate concentra-
tion (La). The analysis provided contradictory re-
sults on the effect of  citrulline on various aspects 
of  physical performance and post-exercise recov-
ery, and the scant research conducted among elite 
athletes was notably.
Concurrently, the available literature regarding the 
effectiveness of  citrulline was gathered from the 
general population who performed non-specific 
exercises, therefore this data cannot be extrapo-
lated to elite sports. Considering these factors, the 
current environment does not allow the recom-
mendation of  citrulline use by elite athletes. 
Over the last decade, there has been an increasing 
interest in assessing the effectiveness of  citrulline 
when aiming to improve various aspects of  ath-
letic performance. 
Although, there is no published literature on the 
effectiveness of  citrulline among elite athletes, 
which prevents any clear conclusion being estab-
lished regarding its application in elite sports.
The analysis of  training protocols, dosing regi-
mens and sampling of  participants in research of  
high methodological quality that assess the effect 
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of  citrulline on various aspects of  performance 
and post-exercise recovery does not advocate its 
usage in elite athletes. 
Citrulline is an essential amino acid found in the 
body under natural conditions. Citrulline is an 
endogenous precursor of  arginine, which is the 
main substrate for nitric oxide synthase (NO-syn-
thase, NOS) in the NOS pathway. Arginine affects 
various body functions by regulating vasodilation, 
blood flow, mitochondrial respiration, and platelet 
function [14, 26].
Arginine is used as a supplement with a proven 
vasodilatory effect, where one of  the main mech-
anisms behind its potential performance-enhanc-
ing effect is the increase in blood flow to the 
skeletal muscle due to endothelium-dependent 
vasodilation [22].
The potential performance improvement pro-
duced by citrulline is also mediated by several oth-
er mechanisms, namely; 1) an enhanced ammonia 
and lactic acid metabolism and improved oxygen 
delivery caused by increased vasodilation [5]; 2) a 
significant increase in the rate of  oxidative phos-
phorylation during exercise (+34%), and in the 
rate of  post-exercise phosphocreatine recovery 
(+20%) [2]; 3) an increase in the plasma concen-
tration of  L-arginine and enhanced NO-depend-
ent signaling during intense exercise, which can 
disrupt metabolic homeostasis and lead to amino 
acid catabolism and limited availability of  L-argi-
nine; 4) ensuring the delivery of  nitrogen which 
is required to maintain sufficient nitrogen balance 
and as a precursor of  arginine, which is synthe-
sized in the kidneys, endothelial and immune cells 
[1]; and 5) the conversion of  citrulline into ar-
ginine is considered the rate-limiting step of  the 
NOS pathway, and adding citrulline increases the 
arginine plasma concentration [17, 18].
Unlike arginine, citrulline is not used by the gut 
and is not absorbed by the liver. It is most ef-
fectively absorbed when administered perorally, 
and is then transported to the kidneys where it 
is converted into L-arginine [30]. Simultaneously, 
the research confirming that citrulline improves 
vasodilation and skeletal muscle perfusion is scant 
and contradictory. However, several studies have 

reported that L-citrulline supplements may im-
prove physical performance and recovery [8].
In sports, citrulline malate (CM) is often used as 
a performance-enhancing supplement. Citrulline 
malate is an organic salt of  citrulline that consists 
of  the essential amino acid L-citrulline and L-
malic acid (an intermediate substance in the citric 
acid cycle).
According to Jagim et al., CM is present in more 
than 70% of  the most popular multi-substance 
pre-workout supplements. In this regard, it is sec-
ondary only to beta-alanine (87%) and caffeine 
(86%), and is combined significantly more often 
than tyrosine, taurine and creatine (63%, 51% and 
49%, respectively). Furthermore, the average dose 
of  CM in these supplements is 4.0 ± 2.5g [11].
Citrulline is not included on the prohibited list 
of  the World Anti-Doping Agency. However, its 
use, including as part of  a combined pre-workout 
supplement, may enhance the risk of  an un-in-
tentional violation of  anti-doping regulations due 
to the widespread contamination of  various legal 
dietary supplements and sports nutrition aids with 
prohibited substances [15].
According to unpublished data obtained by the 
authors of  this article when conducting an anony-
mous survey of  elite Russian endurance athletes, 
more than 40% of  these athletes used citrulline 
and considered it effective during recovery (own 
unpublished data). Thus, citrulline is among the 
most commonly used substances in athletes of  
varying competitive levels, despite the fact that 
there is still no scientifically proven evidence to 
suggest that, as well as a number of  other sub-
stances (branched chain amino acids, adenosine 
triphosphate, β-hydroxy-β-methylbutyrate, miner-
als, most vitamins and arginine), are indeed effec-
tive [29].
What are the potential positive effects of  citrul-
line that cause its active use by professional ath-
letes? According to currently available scientific 
literature, the range of  applications of  citrulline is 
vast. There is evidence to suggest its effectiveness 
in the treatment of  asthenic syndromes and erec-
tile dysfunction, sarcopenia in elderly, pulmonary 
hypertension in newborns, carbamoyl phosphate 
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synthetase deficiency and ornithine transcarbamyl-
ase deficiency. It has also been shown to effective-
ly lower blood pressure in hypertension patients, 
as well as an increase in strength and aerobic per-
formance and enhance post-exercise recovery  
[14, 2, 1, 25, 19, 4, 9, 23, 7, 3, 24, 12, 6]. Therefore, 
a real-world assessment into the effectiveness of  
citrulline and the implementation of  proven pro-
tocols for its usage that consider the specifics of  
the sporting discipline and the daily training pro-
cess of  professional athletes is of  great practical 
interest.
Thus, the purpose of  this study was to analyze the 
results of  existing research of  high methodologi-
cal quality which assessed the standardized and 
single isolated ingestion of  citrulline on various 
parameters of  physical performance and post-
exercise recovery. 
The systematic review of  the literature aimed to 
investigate whether there is the effect of  citrulline 
on the physical performance in elite athletes.

MATERIALS AND METHODS 
The Pubmed database was searched for rand-
omized controlled trials in English conducted 
from 2000 to 2021 in healthy subjects of  different 
levels of  physical fitness to assess the effect of  a 
single standardized intake of  citrulline or citrul-
line malate on the following parameters of  physi-
cal performance and post-exercise recovery: rat-
ing of  perceived exertion (RPE), the severity of  
delayed onset muscle soreness (DOMS), concen-
trations of  lactate (La), creatine phosphokinase 
(CK), strength, power, endurance, speed, heart 
rate (HR) and blood pressure.
The words ‘citrulline malate’ and ‘citrulline’, as 
well as their combinations with words and phrases 
‘rating of  perceived exertion’, ‘delayed onset mus-
cle soreness’, ‘lactate’, ‘strength’, ‘power’, ‘endur-
ance’, ‘speed’, ‘physical performance’, ‘heart rate’, 
‘creatine phosphokinase’ and ‘blood pressure’ 
were used as search queries.
The term «elite athletes» referred to athletes who 
had consistently performed in their chosen sport 
for at least two years and had competed in adult 
national championships (for individual sports) or 

had played for teams of  the highest division in the 
championship of  their country.
To ensure a thorough search of  publications met 
the acceptance criteria, the references and recom-
mended articles of  each of  the forementioned 
studies were also analyzed.
The search was carried out by two independent 
experts where any disputes were resolved by the 
opinion of  the main author of  the study. The ex-
clusion criteria were as follows:
- age of  participants less than 18 years;
- participants with any somatic pathology;
- use of  citrulline or citrulline malate in combina-
tion with other substances.
Since all the collated data were in the public domain, 
local ethics committee approval was not required.

RESULTS
 A total of  1286 studies were found, of  which 
22 (427 participants) were randomized controlled 
trials (RCT)that met the inclusion criteria. The 
majority of  research was conducted in amateur-
level athletes or physically active healthy people 
from the general population aged 18 to 51 years. 
Six studies analyzed the effect of  a standardized 
ingestion, while16analyzed the effect of  a single 
dose of  citrulline on various aspects of  physi-
cal performance, cardiovascular performance 
and post-exercise recovery. Commonly, RPE, La, 
DOMS, dynamic changes in strength and aerobic 
performance and HR were estimated.
In studies that examined the effect of  various cit-
rulline protocols, the standardized dose was 2.4-6g 
daily for 1-4 weeks. Only 1 study analyzed the effect 
of  a citrulline protocol on the concentration of  La 
in Turkish handball players from1Lig. (1g 3 times 
a day for 4 weeks), but these players could not be 
considered elite athletes. While2 studies analyzed 
the effects of  citrulline in team sports, the partici-
pants were the aforementioned handball players of  
the Turkish 1Lig and members of  varsity basketball 
and football teams [20], [21]. When the effect of  
a single dose of  citrulline was analyzed, doses of  
1.17 to 12g were administered 40-120 minutes be-
fore exercise. Most often, 6-8 g of  citrulline were 
used in single-dose experiments. 
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Table 1 – Protocols for the implementation of citrulline malate and citrulline used in research of high methodological quality 
conducted in physically healthy adults’ representative of the general population and athletes.
Note: «-» corresponds to a negative effect on the studied parameter; «+» corresponds to a negative effect on the studied parameter;
«0» corresponds to a neutral effect on the studied parameter

Authors Design Participants Dosing Analyzed 
parameters

Participant 
level

Effective- 
ness

Adverse 
effects

1.Cunniffe 
B, 2016 RDB 10 well-trained men

12 gofCM, single dose, 
60 minutes before 
a repeated cycling 
sprint

HR (-), time to 
exhaustion (0), 
power (0), RPE (0)

Amateurs No

2.Farney 
TM, 2019 

RSB 
randomi-

zed 
single-
blind)

12 healthy  
participants  
(6 men, 6 women),  
mean age  
24.1±3.9 years

8 gofCM, single 
dose, before a high-
intensity strength 
workout

Isokinetic leg 
extension pre-  
and post-exercise 
(peak power, 
maximum torque) 
(0), RPE (0), La (0)

Amateurs N/A (not 
assessed)

3. Gonzalez 
AM, 2018 RDB 12 amateur men

8 gofCM, single dose, 
40 minutes before 
a high-intensity 
strength workout

Strength 
endurance 
(0), exercise 
effectiveness (0), 
fatigue (0), RPE 
(0)

Amateurs N/A

4.Wax B, 
2016 RDB

14 well-trained men, 
mean age 23.3±1.5 
years, mean height 
1.79±0.07 m, mean 
weight 87.8±9.1 kg

8 gofCM, single dose, 
60 minutes before 
a high-intensity 
strength workout

Strength 
endurance (+), 
blood La (0), 
arterial blood 
pressure (0)

Amateurs N/A

5. Glenn JM, 
2017 RDB

15 women, mean-
age23±3 years, mean 
height 162.6 cm, 
mean weight 67.1 kg

8 gofCM, single dose, 
60 minutes before 
a high-intensity 
strength workout

Strength 
endurance (+), HR 
(0) and RPE (+)

Amateurs No

6.Glenn 
JM,2016 RDB 17 women (51±9 

years), tennis players

8 gofCM, single dose, 
60 minutes before 
testing

Strength (+), 
power(0), 
anaerobic 
endurance (+)

Amateurs No

7. Gills JL, 
Glenn 2021 RDB

28 young men 
(20.9±2.8 years),  
amateur cyclists

8 gofCM, single dose, 
60 minutes before 
testing

Aerobic 
endurance 
(0), anaerobic 
endurance (0)

Amateurs N/A

8.Stanelle 
ST, 2020 RDB 9 well-trained men 

(24±3 years), cyclists

7 days regimen of 6 
g CMdaily(last dose 
taken 120 minutes 
before the test, a 
40-km cycle with a 
following repeated 
sprint)

Aerobic 
endurance (+)
HR (-), RPE (+), 
mean power 
output during 
exercise (+)

Amateurs N/A

9.Suzuki T, 
2016 RDB 22 well-trained men

A 7-dayregimenof 2,4 
gL-citrulline daily, 
2,4gofL-citrulline 
administered on the 
8th day 60 minutes 
before a 60-minute 
exercise cycle ride

Endurance (+), 
RPE (+) Amateurs N/A

10.Chappell 
AJ, 2020 RDB

19 participants  
(8 women), mean age 
25.7±7.7 years

8 gofCM, single dose 
before a strength 
workout

Number of reps 
(0), La level 
(0), creatine 
phosphokinase 
level (0), DOMS 
(+)

Amateurs No

11. 
Martínez- 
Sánchez A, 
2017 

RDB

21healthymen, 
meanage35.3±11.4 
years, mean height 
175.5±7.6 cm, mean 
age 73.6±9.1 kg

Fashion watermelon 
juice enriched with 
CM (3.45 g per 500 
ml), single dose 120 
minutes before a half-
marathon

Jump height (+), 
HR and RPE(0), 
La concentration 
(+), DOMS (+)

Amateurs N/A

12.Hwang 
P, 2018 RDB 75 men

8 weeks of strength 
training; a regimen of 
2 g daily 1 h before 
the workout

Strength 
endurance (0), 
muscle mass and 
strength after  
8 weeks (0)

Amateurs No

.
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13.Bailey SJ, 
2015 RDB 10 healthy men A 7-day regimen of 6 g 

of CM daily

Kinetics of 
lung oxygen 
consumption 
(Vo2)(+), physical 
performance(+), 
blood pressure(+)

Amateurs N/A

14. da Silva 
D.K., 2017 RDB

9 young untrained 
men, mean age 
24.0±3.3 years

6 gofCM, single dose, 
before a high-intensity 
strength workout

Strength 
endurance (0), 
DOMS and RPE 
(0), CK level and 
testosterone/
cortisol ratio (0)

Amateurs No

15.Chappell 
AJ, 2018 RDB

18 physically healthy 
men and women 
(13 men, 5 women), 
mean age 23.67±2.41 
years, mean weight 
75.15±13.67 kg

8gofCM, single dose, 
before a high-intensity 
strength workout

Strength  
endurance (0), post-
workout isometric, 
concentric and 
eccentric peak 
force (0), DOMS(-)

Amateurs No

16. Pérez- 
Guisado J, 
2010 

RDB 41 men

8gofCM, single dose, 
before a high-intensity 
strength workout (bench 
press, 16 sets)

DOMS(+), strength  
endurance(+) Amateurs

Stomach 
discomfort 
(14.63% of 
the partici-

pants)

17.Wax B, 
2015 Mar RDB 12 men

8gofCM, single dose, 
before a high-intensity 
strength workout

Strength endu-
rance (+), level (0), 
HR (0) and blood 
pressure before 
and after the 
exercise (0)

Amateurs No

18.Tarazo-
na-Díaz MP, 
2013 

RSB

7 athletes Students 
of the Department of 
Physical Activity and 
Sport Science, Faculty 
of Sport, Catholic Uni-
versity of Murcia (7 men, 
meanage±SD22.7±0.8 
years; mean weight 
68.9±3.8 kg; mean 
height 170.8±3.6 cm; 
mean BMI 24.0±0.6 
kg/m2).The subjects 
were not competitive 
athletes, but did sports 
regularly.

500 ml of organic 
watermelon juice 
(1.17 gofL-citrulline), 
enriched watermelon 
juice (4.83 g of 
L-citrulline + 1.17 g of 
watermelon), single 
dose, before a 1RM load 
on a cycle ergometer

HR (+) and 
DOMS(+) Amateurs N/A

19.Kiyici, 
2017 RSB

22 handball players 
during pre-season 
training (11 athletes, 
mean age 21.57±4.58 
years, mean height 
179.86±5.73 cm, mean 
weight 70.59±7.08 kg) 
received Stimol;
11 handball players, 
meanage18.00±2.00 
years, mean weight 
179.27±10.55 kg, mean 
weight 79.35±7.08 kg 
received placebo

A 1-month regimen of 1 
g of CM (Stimol), thrice 
daily

Lactate 
immediately after 
the exercise (+), 
but not before it or 
5 and 20 minutes 
after it

Profession-
als (Turkish 
Handball 

1.Lig)

N/A

20.Bailey, 
2016 RDB 8 men A 16-day regimen  

of 3.4 g of CM daily

Blood pressure (-), 
time to exhaustion 
(0)

Amateurs No

21. Cutrufello 
PT, 2015 RDB

22 physically active 
men and women (11 
participants of each 
sex)

1 and 6 gofcitrulline, 
single dose, 60 and 
120 minutes before the 
workout

Bench press (0), 
time to exhaustion 
in a treadmill test 
(0), maximal oxygen 
consumption (0)

Amateurs No

22. Hickner 
RC, 2006 RDB

17 young physically 
active healthy men and 
women of 18-34 years

Single dose, 3 g  
3 h before test,  
or 9 g over 24 h prior to 
testing

Time to 
exhaustion 
(-), RPE (-), 
maximal oxygen 
consumption (0)

Amateurs N/A
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When data on the effectiveness of  citrulline ob-
tained from the selected studies were analyzed, 
it was reported that 10 out of  22 studies could 
provide no evidence that citrulline effectively im-
proved any of  the analyzed parameters. In other 
studies, citrulline was most effective in improv-
ing strength parameters (6 studies), endurance pa-
rameters (5 studies) and reducing the severity of  
DOMS (4 studies). Regarding RPE, only 3 studies 
reported a positive effect of  citrulline. Two more 
studies provided evidence of  a negative effect on 
RPE. There was also no evidence to suggest the ef-
fectiveness of  citrulline on CK concentration. The 
level of  this enzyme is often used as an indicator of  
the severity of  physical activity and muscle damage 
[Brancaccio et al.].The effectiveness of  citrulline in 
reducing La production at any time post-exercise 
was shown in only 2 studies.
Notably, administering 1-12g of  citrulline can be 
deemed safe from the development of  adverse ef-
fects, as only 1 out of  10 studies analyzed reported 
any negative effects. Contrastingly, Pérez-Guisado 

et al. found that 15% of  participants developed 
stomach discomfort [20].
Currently, there is growing interest in the benefits 
of  citrulline and the potential positive affect on 
various aspects of  physical performance. The ma-
jority of  available research concerning high meth-
odological quality performed in adult populations 
have been published in the last 10 years. Recent 
meta-analyses have shown that the administration 
of  a single large dose of  CMmay have a positive 
effect of  varying intensity on DOMS and RPE, but 
not on blood La levels [21], [27].
Concurrently, there is also evidence that citrulline 
is more effective than arginine in improving physi-
cal performance as an ergogenic aid. According to 
a meta-analysis conducted by Huerta Ojeda et al., 
citrulline had a positive effect on RPE and muscle 
painin addition to a decrease in La concentrations. 
Although, there is still a lack of  empirical evidence 
concerning the effective dosage and timing of  dose 
of  citrulline when employed to positively affect 
physical performance [10].

Table 2 – The number and results of RCTs that evaluated the effect of single standardized intake 
of citrulline on physical performance and post-exercise recovery

Effects Total (+) (-) References (+) (#)
Strength 12 6 6 4,5, 6, 8, 11, 18

Endurance 12 5 7 6,8, 9, 13, 16
Heart Rate(HR) 8 2 6 8, 18

DOMS 6 4 2 10, 11, 16, 18
RPE 9 3 6 5, 8, 9

Lactate (La) 8 2 6 11, 19
Blood Pressure 4 1 3 13

Figure – The number of RCTs analyzing the effect of citrulline on the parameters of physical performance and post-exercise recovery 
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When examining randomized controlled trials, 
50% of  this research could not find evidence of  
its effectiveness for improving the various aspects 
of  performance. In all studies, citrulline was only 
ingested before exercise, and not during or after 
it. It should also be noted that more than 90%of  
studies were conducted with amateur athletes and 
physically active representatives of  the general 
population, which does not allow extrapolation of  
the data to high-level athletes.
This notion was confirmed by Lamprecht., who 
highlighted that the effectiveness of  administering 
nitric oxide donors (which included citrulline) de-
pended on the individuals current training status. 
Studies examining untrained and physically healthy 
subjects have shown that nitric oxide donors can 
improve the tolerance of  aerobic and anaerobic ex-
ercises, but no positive effect on performance was 
observed in studies involving highly trained ath-
letes [13].
Sureda et al., supported the findings of  Lamprecht., 
suggesting that the effect of  citrulline on physical 
performance depends on the existing fitness level 
of  the subject, and additionally citrulline did not 
produce a positive effect in well-trained representa-
tives of  the general population [26]. It is also im-
portant to recognize that the type of  physical ac-
tivity employed in these studies (leg press, bench 
press, pull-ups, cycle ergometry) are not specific to 
all sporting populations.
Furthermore, high-level athletes often use several 
dietary supplements and medicinal substances dur-
ing a training week (according to Maughan et al., 
85% of  elite track and field athletes are currently 
consuming such aids). Commonly used supple-
ments include vitamins, minerals, protein, creatine, 
and various ‘ergogenic’ compounds [16]. In the 
Maughan et al. study cohort, the mean supplement 
and medicinal substance count for each of  the ath-
letes were 1.7 and 0.8, respectively. The most com-
monly used substances were non-steroidal anti-
inflammatory drugs (0.27 per athlete), respiratory 
tract medication (0.21 per athlete) and analgesics 
(0.13 per athlete) [28].
Undoubtedly, the combined ingestion of  various 
ergogenic supplements and medicinal products 
such as NSAIDs can significantly affect important 

parameters of  exercise tolerance and fatigue such 
as RPE and DOMS and thus make it impractical 
to objectively assess the individual effect of  each 
substance. These findings suggest that the available 
data are extreme heterogeneous in terms of  train-
ing protocols, participant sampling, dose sizes and 
dosing regimens.
Future research should consider the effectiveness 
of  citrulline usage in professional athletes. These 
studies should analyze various protocols and use 
sport-specific exercises of  sub-maximal and maxi-
mal intensity to determine the real-world impact of  
citrulline implementation in the training and com-
petition activities of  professional athletes.

CONCLUSION 
The analysis of  the existing randomized controlled 
trials into the effect of  citrulline on various aspects 
of  physical performance and post-exercise recov-
ery showed an extreme heterogeneity of  design 
and an inconsistency in the obtained data.
This research did not involve elite athletes or use 
strength specific exercises relevant to all sports. 
Furthermore, only a small number of  studies ex-
amined data on the effectiveness of  citrulline in 
improving performance indicators important for 
athletes, such as strength, endurance, DOMS and 
La concentration. 
It is also noteworthy that citrulline is included in 
many combined pre-workout supplements. This 
can lead to an un-intentional violation of  anti-dop-
ing regulations caused by contamination of  these 
supplements with prohibited substances not clearly 
indicated.
Given these important factors, the current sport-
ing context does not support the recommendation 
of  citrulline usage by elite athletes. Future studies 
need to assess the effectiveness of  CM adminis-
tered to professional athletes using real-world dos-
ing protocols and sport-specific exercises.
Disclosure of  interest: Author Bezuglov  
Eduard is employed by «Smart Recovery» Sports 
Medicine Clinic LLC, Moscow, Russian Federa-
tion.The remaining authors declare that the re-
search was conducted in the absence of  any com-
mercial or financial relationships that could be 
construed as a potential conflict of  interest.
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