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ABSTRACT 

When playing sports, athletes are required to always maintain their health to provide 
maximum results in their performance. Supplements are products intended to complement 
nutritional needs, maintain, enhance and/or improve health functions and have nutritional 
value and/or physiological effects. L-Carnitine is a health supplement that is widely 
consumed by athletes. L-Carnitine has many effects on the body and the main effects are 
seen on blood pressure and VO2 max. The aim of this review is to look at the effects of L-
Carnitine on blood pressure and VO2 max. It was found that L-Carnitine had more effect on 
a person's diastolic than systolic at doses of more than 2 grams/day. Meanwhile, the effect 
on VO2 max was seen in long-term use of 2 grams for 24 weeks and found a significant 
increase in VO2 max (p<0.05). L-Carnitine does influence blood pressure, VO2 max and is 
also correlated with endurance, but until now there is still a need for more research to show 
that the effects produced by L-Carnitine are significant both on blood pressure and VO2 max 
in athletes 
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INTORDUCTION 

Athletes are required to maintain health in order to provide good results in their 

performance. Most athletes use supplements as part of their nutritional needs. Health 

supplements are products intended to supplement nutritional needs, maintain, enhance 

and/or improve health functions, have nutritional value and/or physiological effects, 

contain one or more ingredients in the form of vitamins, minerals, amino acids and/or 

https://greenpublisher.id/
http://sosains.greenvest.co.id/index.php/sosains
https://creativecommons.org/licenses/by-sa/4.0/


Annisa Lazuardi Larasati, Rani Sauriasari*, Arry Yanuar 
 

Effects of L-Carnitine on blood pressure, VO2 max, and endurance in athletes: 
Systematic Review  10490 
 

other non-plant ingredients. which can be combined with plants (Kementrian 

Kesehatan RI, 2019). 

L-carnitine is a supplement that is often used by athletes as an aid in producing 

energy because of its effect in transferring long chain fatty acids that can cross the 

mitochondrial membrane (Bacurau et al., 2003). The use of L-carnitine as a supplement 

became popular when it was used by the Italian national football player in 1982 (Karlic 
& Lohninger, 2004). Carnitine in muscles can be increased in humans by means of 

intake, and carnitine has a dual role in burning metabolism and depends on the intensity 

of a person's training (Wall et al., 2011) . Basically, L-carnitine is a transporter of fatty 

acids into the mitochondrial matrix, allowing cells to break down fat and obtain energy 

from stored fat reserves (Pkala et al., 2011). L-carnitine is mainly produced in the liver 

and kidneys. In the production process, vitamin C, iron ions, and niacin also play an 

important role (Brass, 2004). 

Carnitine is a molecule that has 2 enantiomers, namely dextra (D) and levo (L). 

Of the 2 enantiomers, only the L-carnitine form has physiological activity. L-carnitine 

has a high binding energy with carboxylic acids which produces acetylcarnitine 

derivatives (Reuter & Evans, 2012). L-carnitine is an amino acid which is a choline 

analogue, namely a hydrophilic quaternary amine which has an effect on several 

physiological activities in the body. In lipid metabolism, L-carnitine acts as a coenzyme 

used for fatty acid oxidation and as a transporter of long chain fatty acids from the 

cytosol into the mitochondrial matrix so that the fatty acid beta oxidation process can 

then be carried out(Cicero et al., 2020). L-carnitine can increase muscle mass and its 

oxidative activity can be seen in its ability to reduce oxidative stress (Kraemer et al., 

2008a). Additionally, L-carnitine may be associated with reduced insulin resistance 

through a mechanism that could be linked to the nitrate oxidation pathway (Xu et al., 

2017). 

L-carnitine supplementation can increase lipid oxidation, save glycogen stores in 

muscles so that it can improve exercise performance and reduce fat (Stephens et al., 

2007), (Huang Kevin Owen, 2013) It has been estimated that the total carnitine present 

in the human body is around 300mg/kg with around 95 % stored in heart and skeletal 

muscle cells. The amount of carnitine in plasma is only around 0.5% of the total 

carnitine in the body (Flanagan et al., 2010b). L L-carnitine can be obtained not only 

from supplements, but can be obtained from foods such as red meat, fish, and products 

containing milk (Flanagan et al., 2010a), (Mingrone, 2004), (Kraemer et al., 2008b). 

  L-carnitine has many effects on metabolism in athletes' bodies, especially its 

effects on blood pressure and VO2 max in athletes. L-carnitine can reduce blood 

pressure by increasing fatty acid oxidation and reducing superoxide production so that 

it can increase the availability of nitric oxide and cause a decrease in blood pressure 

(O’Brien et al., 2010). Meanwhile, the effect of carnitine is in stabilizing the ratio of 

acetyl coenzyme to free coenzyme and preventing the accumulation of lactate and 

causing an increase in VO2 max (Kashef & Saei, 2017). The aim of this review is to 

look at the effect of consuming L-carnitine on reducing blood pressure and increasing 
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Identification based on database 

Identification study (n =895) : 
- Pubmed (n=863) 
- ScienceDirect (n=25) 
- Scopus (n=7) 

Identification on another resources 
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Another resources 
- Website (n=0) 
- Citation searching (n=0) 
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- Incomplete text  (n=20) 

Article suitable to the eligibility  
(n=40) 

- Observational study (n=15) 
- Animal study (n=10) 
- Non-RCT study (n=10) 

Final article using (n=5) 

VO2 max in athletes who exercise, where in previous studies there have been no 

reviews explaining the two functions of carnitine in one review. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of searches carried out using electronic databases, namely Pubmed, 

ScienceDirect and Scopus, resulted in 895 articles. There were 115 articles that 
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matched the title and abstract. In the screening process, 60 articles were found that met 

the inclusion criteria, however there were 20 articles that were incomplete so they could 

not proceed to the eligibility stage. There were 40 articles that were then subjected to a 

feasibility test and there were 25 texts that met the exclusion criteria, namely  

15 observational studies, 10 studies conducted on animals, and 10 studies that 

were not randomized controlled trials. The final results obtained were 5 articles that 

could be used in the review. 

Blood pressure is an important health factor according to the World Health 

Organization (WHO). According to data available worldwide, increased blood pressure 

is estimated to cause 7.5 million, which is around 12.8% of total deaths (Nawata et al., 

2017). 

Oral L-carnitine supplementation can improve cardiovascular risk factors such 

as arterial hypertension, insulin resistance, impaired glucose tolerance, and 

hypoadiponectinemia in groups of subjects with increased cardiovascular risk and was 

found to be well tolerated (Ruggenenti et al., 2009a). Carnitine levels in the body will 

decrease little by little in ischemic conditions, so it is necessary to consume exogenous 

carnitine in the form of supplementation in order to replenish carnitine levels in the 

heart myocardium (Wang et al., 2018). 

There are several studies that show the effect of consuming L-carnitine on blood 

pressure, but some studies show the opposite. Research conducted by Ruggenenti et al 

showed that L-carnitine supplementation of 2 grams/day could reduce systolic blood 

pressure without changing diastolic blood pressure, whereas research conducted by 

Talenezhad et al and Parvanova et al with the same dose did not show any effect on 

blood pressure parameters (Ruggenenti et al., 2009b), (Parvanova et al., 2018), 

(Talenezhad et al., 2020). 

 In a meta-analysis conducted by Askarpour (2019), analyzing 10 articles from 

2006-2018, it was shown that L-carnitine had a significant effect on reducing diastolic 

blood pressure, but not significantly on systolic (Askarpour et al., 2019). However, this 

meta-analysis has limitations in that this meta-analysis takes a diverse population 

ranging from hemodialysis patients to patients with diabetes mellitus. So the effects of 

carnitine supplementation can still be greatly influenced by the patient's condition. L-

carnitine supplementation at a dose of more than 2 grams per day shows a significant 

reduction in diastolic pressure when compared with a dose of less than 2 grams per day. 

High doses of L-carnitine show an increase in serum trimethylamine-N-oxide (TMAO) 

which in this case can reduce blood pressure (Koeth et al., 2013), (Iaccarino et al., 

2022) 

In athletes supplemented with 1 gram of L-carnitine, plasma levels remained high 

after exercise and provided a significant reduction in blood pressure when compared 

with athletes without supplementation (Fielding et al., 2018). A reduction in blood 

pressure was also found with L-carnitine use at week 6 and 9th. This is indicated by 

the presence of significant wingate and metabolic responses, especially at week 9 (Kim 

et al., 2018). Research conducted by Choi on the effects of L-carnitine on metabolic 

syndrome biomarkers showed that administration of an average of 2 g/day (0.75 – 3 
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grams/day) over an average period of 12 weeks provided a significant reduction in 

systolic pressure (Choi et al., 2020) . 

However, if we look at individuals who are obese (in terms of BMI), the group 

that received L-carnitine intervention experienced a decrease in diastolic blood 

pressure. This result can be caused by weight loss caused by L-carnitine which can 

improve physiological factors that influence blood pressure (Cohen, 2017) 

On the other hand, research conducted by Anaraki et al shows that L-carnitine 

supplementation does not cause significant changes in systolic or diastolic. Based on 

the subgroup analysis carried out, there was a significant reduction in diastolic blood 

pressure of 1.59 mmHg in participants with an initial BMI >30kg/m2 (Anaraki et al., 

2024) 

 

Effects on VO2max and endurance 

VO2 max is the highest average oxygen used when the body is working. This 

makes VO2 max a parameter that can define the ability of the cardiorespiratory system 

to transport oxygen to various body tissues (Snell et al., 2007). 

Increased VO2 max levels are a sign of improvement in cardiovascular fitness in 

athletes and non-athletes as well as patients. In addition, decreased heart rate during 

rest or exercise is a prominent physiological symptom and increases aerobic fitness 

(Maughan, 2002). 

L-carnitine has the potential to reduce chemical damage to tissue and aid the 

repair and remodeling process of muscle tissue(Kraemer et al., 2008c). Carnitine is an 

important factor for the transport of acetyl-coenzyme A and is involved in the oxidation 

of fatty acids in the liver and kidneys. This gives rise to the main hypothesis that a 

potential increase in carnitine concentration in skeletal muscle will lead to an increase 

in fatty acid transport and oxidation, increasing oxygen consumption (VO2) and also 

endurance (endurance performance) (Longo et al., 2016), (Kraemer et al., 2008d). Fat 

oxidation in the body requires a higher amount of oxygen compared to carbohydrates. 

In the cardiovascular system, more oxygen should be received in the muscles. L-

carnitine can increase oxygen consumption and also lipid oxidation by stimulating the 

pyruvate dihydrogenase complex and the entry of pyruvate into the beta oxidation 

pathway [3]. 

Exercise in athletes can be classified into low to moderate intensity (<70% 

VO2max) and high intensity (>75% VO2 max)(Scribbans et al., 2016).When an athlete 

performs low intensity exercise, muscle aerobic metabolism will dominate, lactate does 

not accumulate and exercise can be maintained On the other hand, at a high level of 

work, lactate will accumulate in the muscles and blood, causing fatigue quickly (Gnoni 

et al., 2020). 

L-carnitine which has an effect on VO2 max still has many different opinions 

because of its varying significance. A previous study reported that long-term oral L-

carnitine supplementation of 2 grams per day (4 weeks) could result in an increase in 

VO2 max in elite and amateur athletes. 
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Five studies analyzed chronic supplementation (4–24 weeks) and six studies used 

acute administration (<7 days). The dose of this chronic supplementation varies from 

1 to 3 g/day; in acute supplementation, the oral L-carnitine supplementation dose 

ranges from 3 to 4 g. On the one hand, the effects of oral L-carnitine supplementation 

on high-intensity exercise performance variables were analyzed in nine studies 

(Mielgo-Ayuso et al., 2021). 

 

 Author Population Intervention Output 

Accute (7 

days) 

Wall et al., 

2011 

(Wall et al., 

2011) 

14 athletes 4 gram/day of 

L-carnitine 

with 

carbohydrate 

twice a day. 

Intervention : 

24 weeks 

Weeks-12 : 

no changes 

 

Weeks- 24: 

significant 

effects (p<0,05) 

Shannon et al., 

2018 

(Shannon et 

al., 2018) 

14 male 

athletes  

4,5-gram of L-

carnitine with 

160 gram  

carbohydrate 

twice a day 

(once on 

breakfast and 

second 4 hours 

later) 

Intervention : 

24 weeks 

There is no 

significant 

effects during 

intervention 

 

 

 

Chronic (4-24 

weeks) 

Smith et al., 

2008 

(Smith et al., 

2008) 

32 athletes (9 

males and 23 

women) 

1 gram/day:  

n=11 

3 gram/day: 

n=12 

Intervention: 8 

weeks 

There is no 

significant 

effects during 

intervention 

Chun 2011 

(Chun et al., 

2011) 

36 soccer 

athletes 

2-6 gram per 

day, devided 

into 6 grup 

Intervention : 4 

weeks 

There is 

significant 

increasing  of 

VO2 max 

(p<0,05) 

Burrus et al., 

2018 

(Burrus et al., 

n.d.) 

10 athletes (27 

years old) 

3 gram of L-

carnitine + 200 

ml of water 3 

hour before 

exercise. 

There is no  

significant 

effects during 

intervention 
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In a study conducted by Kashef and Saei in 2017, the group given L-carnitine 

supplementation had a higher VO2 max level when compared to placebo and showed 

a negative correlation between blood lactate and VO2 max. A decrease in lactate levels 

in the blood can occur due to fatty acid oxidation and improve performance from 

exercise. Current studies show that L-carnitine supplementation before exercise can 

reduce blood lactate and increase VO2 max in young men and does not affect blood 

glucose and heart rate after fatigue testing (Kashef & Saei, 2017) 
Consuming L-carnitine supplements in the short and long term also has different 

effects on athletes. A study conducted using L-carnitine supplements chronically, 

namely 2 grams per day for 24 weeks, showed that there were no significant results on 

VO2 max when tested using a bicycle ergometer (p> 0.05) (Shannon et al., 2018). 

carried out using L-carnitine at a dose of 2 grams per day for 24 weeks and a 30 minute 

test was carried out and it was found that there was a significant increase. 

Endurance is an athlete's resistance capacity to fatigue and this endurance will 

determine the period limit when a certain activity with a certain intensity is carried out. 

The results show that L-carnitine supplementation has a positive effect on the athletes' 

running speed and affects lactic acid. Lactic acid is related to increasing a person's 

running speed. Intake of 3–4 grams of L-carnitine before exercise can delay the 

formation of lactate in the blood, resulting in fatigue occurring more slowly (Orer & 
Guzel, 2014) 

 

CONCLUSION 

  L-carnitine has more effect on a person's diastolic than systolic at doses of more 

than 2 grams/day. Meanwhile, the effect on VO2 max was seen in long-term use of 2 

grams for 24 weeks and found a significant increase in VO2 max (p<0.05). L-carnitine 

does have an effect on blood pressure, VO2 max and is also correlated with endurance, 

but until now there is still a need for more research to show that the effects produced 

by L-carnitine are significant both on blood pressure and VO2 max in athletes.  
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