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Annotation. Meldonium (Mildronate®) is a pharmaceutical substance approved in Russia for the 

treatment of cerebral and myocardial ischemia and has been on the WADA List of banned sub-

stances since January 2016. Objective of the study: to review the available literature on the safety 

of meldonium for athletes. This study was conducted in accordance with the PRISMA-ScR state-

ment. Literature search was conducted in the PubMed, MedNar, Epistemonikos, Lilacs, Cochrane 

Library and ResearchGate databases. The time frame of the search was not set, but the last search 

was done on 12.09.2023. A total of 514 mentions were identified. Only 2 randomized controlled 

trials and 5 reviews met the inclusion criteria. At present, we cannot claim that meldonium is a 

relatively safe remedy for athletes. 
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Introduction. Meldonium is a substance 

included in the medicinal product Mildronate®, 

which is marketed in the Eastern Europe, in par-

ticular in Azerbaijan, Belarus, Georgia, 

Kazakhstan, Kyrgyzstan, Moldova, Ukraine, 

Uzbekistan and Russia. It is used to treat is-

chemic diseases of the brain and heart [1-2]. 

After 13 medalists (in 15 out of 21 sports) at the 

Baku 2015 European Games were found to 

have meldonium in their samples, the World 

Anti-Doping Agency (WADA) included mel-

donium in the List of banned substances since 

January 1, 2016 [3]. According to WADA, in 

order to be included in this list, the substance 

must meet two of three criteria: 

1. Medical or other scientific data, pharma-

cological effect or experiment evidencing that 

the substance or method, separately or com-

bined with other substances and methods, may 

increase or enhance athletic performance.  

2. Medical or other scientific data, pharma-

cological effect or experiment giving proof that 

use of the substance/method has a real or poten-

tial risk for an athlete’s health.  

3. Use of the substance/method goes 

against the essence of sport, as it is described in 

the introduction to the World Anti-Doping 

Code.  

Since there are no well-designed random-

ized controlled trials (RCTs) conducted on 

athletes, we may assume that meldonium does 

not enhance their performance [4] and probably 

decreases it [5]. Regarding the side effects of 

Mildronate®, Jardin [6] calls it pseudo-placebo 

(placebo with possible side effects), since the 

carnitine deficit is associated with fatigue and 

muscle weakness. There are clinical and exper-

imental evidence that carnitine has 

cardioprotective effects for patients with cardi-

omyopathy, angina and heart attack [7-8]. 

Given the decreased availability of adenosine 

triphosphate (ATP) as an energy carrier due to 

reduced carnitine levels, Mildronate® may con-

tribute to cellular damage and reduced cardiac 

function in heart failure and heart attack [6], as 

well as during exercise in athletes, since fatty 

acids are the predominant source of cardiac fuel 

in this case [9]. According to the analysis of the 

problem situation, data of modern scientific lit-

erature and requests of sports medicine 

physicians, the aim of the study was estab-

lished. 

Aim of the study – to carry out a research 

of available literature on the safety of meldo-

nium for athletes.   

Methods and organization. The study 

took place at the Sports Medicine Department, 

the Russian University of Sports 

“GTSOLIFK”. It was conducted in accordance 

with the statement of Preferred Reporting Items 

for Systematic reviews and Meta-Analyses ex-

tension for Scoping Reviews (PRISMA-ScR) 
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[10]. The study protocol was created before the 

search and did not change neither during the 

procedure nor after it. Before the search we 

agreed that the review will include RCTs, non-

RCTs and any reviews on side effects of mel-

donium. The literature search was done in the 

PubMed, MedNar, Epistemonikos, Lilacs, 

СochraneLibrary и ResearchGate databases. 

The following keywords were used: “Meldo-

nium AND Mildronate AND (toxicological OR 

safety)”. In order to improve the topic’s cover-

age we also searched grey literature in the 

Google Scholar database. Then, in order to find 

potentially relevant studies that were omitted by 

the electronic search, we also did a manual ref-

erence search in the found studies. Time frames 

were not set, however the last search date was 

12.09.2023. 

In order for the study to be included, it must 

meet the inclusion criteria of the PICOS system 

[11]. P (Population) – men and women older 

than 18 years; I (Intervention) – meldonium 

(Mildronate®) intake; C (Comparison) –  

comparison with the control group or before the 

intervention; O (Outcomes) – the studies exam-

ined meldonium (Mildronate®) safety;  

S (Study) – any reviews, systematic reviews 

and meta-analyses, RCTs and non-RCTs, 

which examined meldonuim (Mildronate®) 

safety. Initially, authors of the review (A.V. 

Meshtel, A.B. Miroshnikov) simultaneously 

and independently checked titles, abstracts and, 

if needed, full text of the articles from the data-

base records in accordance with the inclusion 

criteria. Then the authors in the same manner 

extracted the needed articles. The language bar-

rier was not set. Since the data in all studies 

were descriptive, no statistical analysis was ap-

plied. 

Results and discussion. 514 mentions 

were found in total. Then all the data were  

exported, and any duplicates or articles that did 

not correspond with the inclusion criteria  

were manually deleted. The figure below  

illustrates the PRISMA scheme of the  

research selection process for the review.  

Only 2 RCTs [12-13] and 5 reviews met  

with the inclusion criteria [4, 6, 14-16] (tables 

1, 2).

 
Fig. The PRISMA scheme 
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Table 1 

Main findings of studies and reviews on the meldonium’s safety 

Authors, 

year 
Design Main findings 

Financing/ 

Conflicts of interest 

Zhu et al, 

2013 [12] 
RCT 

Mildronate® injection is as effective and safe as 

the cinepazide injection for treating acute is-

chemic stroke. 

Ge-Lin Biopharma-

ceutical Co. Ltd., 

Shenyang, China. 

Zhao et al, 

2016 [13] 
RCT 

The drug is safe and is well tolerated at a dose 

of 250 to 750 mg.  

Major Production of 

New Medicine. 

Jargin, 

2019 [6] 
SR 

Given the decreased availability of adenosine 

triphosphate (ATP) as an energy carrier due to 

reduced carnitine levels, Mildronate® may con-

tribute to cellular damage and reduced cardiac 

function in heart failure and heart attack. 

None 

Berlato et 

al, 2020 

[15] 

SR 

Currently there are no reports on cases of acute 

or chronic meldonium intoxication. There are 

rare side effects, including allergic reactions 

(skin redness and itching, hives, rash and/or an-

gioedema), dyspepsia, tachycardia and change 

(increase/decrease) in the blood pressure. 

None 

Note: RCT – randomized controlled trial; SR – scoping review; BP – blood pressure  

Table 2 

Main findings of reviews on the meldonium’s safety 

Authors, 

year 
Design Main findings 

Financing/ 

Conflicts of interest 

Heuberger 

et al, 2022 

[4] 

SR 

Burning in stomach or digestive tract, muscle 

spasms, dizziness, discomfort caused by stress, 

depression, sedative effect and/or drowsiness, 

fast heartbeat, visual disorders, anorexia and 

compulsive overeating. 

None 

Adami et 

al, 2022 

[14] 

SR 

Following side effects were found in athletes: 

allergic reaction (skin redness and itching, 

hives, rash and/or angioedema); dyspepsia; 

tachycardia; increase/decrease in the blood 

pressure. 

None 

Arduini et 

al, 2016 

[16] 

SR 

WADA decided to add meldonium into the List 

of banned substances not because of some in-

significant effect that enhances the 

performance of healthy athletes, but because of 

the real danger that it has for an extremely en-

gaged athlete, which can overdose them and 

decrease level of intracellular carnitine to its 

pathological values. 

 None 

Note: SR – scoping review; BP – blood pressure 
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According to two RCTs [12-13],  

Mildronate® injections are safe and well toler-

ated at doses ranging from 250 to 750 mg. 

However, these studies were sponsored by 

pharmaceutical companies, and this fact does 

not allow us to make final conclusions on the 

meldonium safety [17-18].  

Jargin [6] insists, that there are no relatable 

evidences that meldonium is an effecitve way 

to improve athletic results and that its injection 

is safe for healthy people.  Moreover, the author 

suggests to solve this issue in experiments pro-

tected from conflicts of interest. 

It is well-known that people with carnitine 

deficit are sensitive to pro-drugs that have 

pivalic acid, since it is a remedy able to cause 

carnitine deficit (like meldonium), which leads 

to lethal disorders of heart rate [19]. Oral mel-

donium intake for healthy participants (500 mg 

two times a day) for 4 weeks leads to significant 

reduction of the carnitine level by 18% [20]. A 

recent study on rats showed that any phenotype 

with carnitine deficit may be subject to a num-

ber of side effects in case of strong adrenergic 

stress [21]. Therefore, according to Arduini and 

Zammit [16], if meldonium has effects that are 

not attributed to the designated use, we must be 

thankful for the fact that it was not injected in 

such high doses that would cause harm to ath-

letes who continued to use it. Another aspect of 

the meldonium pharmacological properties, ac-

cording to the same two authors [16], is the 

inhibition of carnitine acetyltransferase (CAT) 

activity – an enzyme that reversely transfers the 

acetilylic part of acetyl coenzyme A on car-

nitine in mitochondria and peroxiomes. Thanks 

to its ability to buffer the mitochondrial acetyl 

coenzyme A levels, CAT plays an important 

role in intermediary metabolism and muscle bi-

oenergetics. As it was expected, on the example 

of rats the decreased CAT activity in muscles 

leads to muscle fatigue and intolerance to exer-

cise [5]. The review’s authors assume that this 

is the strongest argument [16] against using 

meldonium as a remedy for enhancing perfor-

mance, especially when such inhibiting CAT 

activity is combined with carnitine depletion. 

Heuberger and his colleagues [4], while 

finding similarities with trimetazidine [22], 

identify following side effects of meldonium: 

“Burning in stomach or digestive tract, muscle 

spasms, dizziness, discomfort caused by stress, 

depression, sedative effect and/or drowsiness, 

fast heartbeat, visual disorders, anorexia and 

compulsive overeating”. According to the re-

view by Adami et al [14], it were athletes who 

reported rare side effects after meldonium, in-

cluding allergic reactions (skin redness and 

itching, hives, rash and/or angioedema), dys-

pepsia, tachycardia and changes (increase/ 

decrease) in the blood pressure. The data is con-

firmed by Berlato and his colleagues [15], 

adding that there are currently no reports on 

cases of acute or chronic meldonium intoxica-

tion. 

Conclusion. At present, it is said that mel-

donium is a relatively safe remedy for patients 

who need anti-ischemic therapy. However there 

are no evidence that it can be applied to enhance 

performance, or that its application is safe for 

healthy people. Despite the fact that meldonium 

is popular in sports, there is no systematic sci-

entific basis, as well as RCTs conducted with 

elite athletes and published in peer-reviewed 

journals proving that meldonium does indeed 

enhance performance of athletes and it is safe to 

use. This is the reason why we should take 

measures to prevent meldonium overdose and 

identify athletes that can risk their health by try-

ing to artificially enhance their performance. In 

this field, additional RCTs are necessary. 
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