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L-Carnitine at a Glance

Meta-analyses found better sperm motility in men with impaired fertility under L-carnitine 114559 as well as lower fasting glucose, HbA1c and LDL cholesterol
5651.

In hemodialysis patients, muscle mass and handgrip strength were maintained under intravenous levocarnitine, while they declined without treatment 102;

findings on the response to erythropoietin are inconsistent 121899170.

We evaluated 316 human studies on L-Carnitine, including 144 randomised controlled trials and 80 meta-analyses or systematic reviews; the controlled

studies include 9,025 participants in total. As of 10 October 2026.

1. What Is L-Carnitine? Occurrence, Origin and Forms

L-carnitine is a compound the body produces itself and also takes up from food. It takes part in the use of long-chain fatty acids in the cell's power plants,

which is why it is found mainly in skeletal and heart muscle. In human studies, L-carnitine is examined above all in sport, in the cardiovascular field, in fertility

and in kidney disease.

In the body, L-carnitine is found mainly in skeletal and heart muscle as well as in liver and kidney. Through food it is taken up predominantly with meat, dairy

products and other animal foods, while plant foods contain little of it.

For dietary supplements, L-carnitine is produced by fermentation or synthesis. Studies examine different forms, such as free L-carnitine (levocarnitine),

acetyl-L-carnitine, L-carnitine L-tartrate and propionyl-L-carnitine. It is given orally or as an infusion, for example in the care of dialysis patients.

Forms and Preparations Studied

Free L-carnitine (levocarnitine)

Acetyl-L-carnitine

L-carnitine L-tartrate

Propionyl-L-carnitine

Glycine propionyl-L-carnitine, a combination of propionyl-L-carnitine and glycine

Not covered on this page:

D-carnitine, the mirror-image form, which does not count as L-carnitine

Meldonium, a drug with a similar name but a different structure

Carnosine, a different endogenous peptide with a similar-sounding name

2. What Does L-Carnitine Do? Results by Area

AREA RESULT  IN  CONTROLLED  STUDIES STRENGTH  OF  EVIDENCE STUDIES PARTICIPANTS

Metabolism and Blood Lipids mixed high 31 meta-analyses · 37 controlled · 14 other 1,446

Heart and Circulation mostly no difference high 12 meta-analyses · 17 controlled · 7 other 955

Dialysis and Kidney Disease mixed high 7 meta-analyses · 18 controlled · 4 other 610

Cognition and Nervous System mixed high 3 meta-analyses · 6 controlled · 19 other 636

Fertility mixed moderate 5 meta-analyses · 5 controlled · 11 other 669

Tolerability and Safety worsened unclear 0 meta-analyses · 1 controlled · 31 other 409

Other investigations mixed high 27 meta-analyses · 64 controlled · 48 other 3,895

How to read the table: counted are human studies whose results concern the area. “High” means at least one meta-analysis and two controlled studies

showing improvement, or at least three controlled studies of which three quarters show improvement, with at least 300 participants in total. “Moderate”

means at least two controlled studies showing improvement, as a majority, or one meta-analysis alongside controlled studies. “Low” means one controlled

study showing improvement. Where an area has no controlled study, the strength of evidence is at most “low” (result “reviews only” or “observational data

only”). Everything else is “unclear”. A study counts as showing improvement when at least half of its outcomes in this area improved. Reviews of

combination products do not count as meta-analyses; results that only describe side effects or shares of users do not count as an effect. The same study is

counted only once.
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3. What the Studies Show in Detail

L-Carnitine, Metabolism and Blood Lipids: Human Studies

Meta-analyses found lower values for fasting glucose, HbA1c, HOMA-IR, triglycerides and LDL cholesterol under L-carnitine, especially in diabetes, impaired

glucose tolerance and overweight 56104451. In women with polycystic ovary syndrome, fasting glucose and blood lipids decreased 21. By contrast, in

metabolic syndrome, total and LDL cholesterol as well as narrowing of the carotid artery increased more strongly under L-carnitine than under placebo 85,

and in hemodialysis patients, LDL cholesterol and triglycerides increased under oral levocarnitine 182. The findings apply to oral free L-carnitine

(levocarnitine), acetyl-L-carnitine and L-carnitine L-tartrate. In women with polycystic ovary syndrome, insulin and HOMA-IR improved under metformin and

pioglitazone with and without additional acetyl-L-carnitine, regular cycles were more frequent with acetyl-L-carnitine 88. With combination products of L-

carnitine and chromium picolinate 135 as well as of L-carnitine, epigallocatechin gallate, capsaicin and piperine 100, the effect cannot be attributed to L-

carnitine alone. It remains open how strongly the participants' baseline state, the dose and the route of administration determine the results.

STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

1 Hamedi-

Kalajahi et

al. 2025

meta-analysis · 16,352 participants L-carnitine supplementation; 150 to 4000 mg/day; 8 to 30 weeks; vs. Placebo or control

5 Gheysari

et al. 2024

meta-analysis · 2,900 participants L-carnitine supplementation; vs. Placebo

6 Zamani

et al. 2022

meta-analysis · 2,900 participants oral L-carnitine supplements; intervention dose ≥2 g/day in subgroup analyses; at least seven days; subgroups ≥12 weeks

8 Hu et al.

2023

meta-analysis · 2,362 participants Carnitine as a nutritional supplement; vs. Placebo and other nutritional supplements

9

Talenezhad

et al. 2020

meta-analysis · 2,292 participants L-carnitine supplementation; 2000 mg per day (maximum effect); vs. Placebo or control

10 Mirrafiei

et al. 2024

meta-analysis · 2,041 participants L-carnitine supplementation; 1 g/d; dose-response up to 4 g/d; vs. Control groups of included RCTs

12 Chen et

al. 2014

meta-analysis · 1,734 participants L-carnitine; vs. Placebo or control

14 Karimi et

al. 2024

meta-analysis · 1,340 participants L-carnitine; vs. Placebo or control

Further studies in this area: 15 17 21 29 34 35 40 42 44 48 50 51 55 56 58 60 64 66 68 69 70 74 77 85 88 95 98 107 110 111 118 122 123 133 137 140 142 147 148 150 153 155 156 157 159 161 163 168

174 176 177 181 182 183 186 187 188 192 194 196 198 199 200 202 214 219 228 232 236 241 247 262 269 273

L-Carnitine, Heart and Circulation: Human Studies

Meta-analyses found a higher ejection fraction and less frequent atrial fibrillation with L-carnitine after heart surgery 26, and a higher ejection fraction in

hemodialysis patients 33; after bypass surgery, a small randomized study showed no advantage over the control 152. In coronary heart disease, inflammatory

and oxidative stress markers decreased more with L-carnitine than with placebo 112, and meta-analyses found lower CRP values 576. Before bypass surgery,

intravenous L-carnitine briefly lowered the neutrophil-to-lymphocyte ratio 127. The strength of evidence is high, but in the controlled individual studies no

difference from the control predominates; the findings apply to the respective form studied. A combination product of acetyl-L-carnitine and caffeine slightly

raised diastolic blood pressure shortly after intake, and the values remained within the normal range 144; this cannot be attributed to L-carnitine alone. It

remains open whether the results from intravenous administration in dialysis patients can be transferred to oral intake in other population groups.

STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

4 Shang

et al.

2014

meta-analysis · 3,108 participants oral L-carnitine; 2 g, 3 g, 4 g, 6 g daily; vs. different oral maintenance doses

5

Gheysari

et al.

2024

meta-analysis · 2,900 participants L-carnitine supplementation; vs. Placebo

10

Mirrafiei

et al.

2024

meta-analysis · 2,041 participants L-carnitine supplementation; 1 g/d; dose-response up to 4 g/d; vs. Control groups of included RCTs
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STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

13

Anaraki

et al.

2024

meta-analysis · 1,412 participants Oral L-carnitine supplements; vs. Placebo or control

14 Karimi

et al.

2024

meta-analysis · 1,340 participants L-carnitine; vs. Placebo or control

26

Shalabi

et al.

2025

meta-analysis · 786 participants L-carnitine (form not specified); preoperative administration, short-term; vs. control/placebo

29 Vajdi

et al.

2026

meta-analysis · 699 participants oral L-carnitine supplementation; subgroups: ≥1000 mg/day or <1000 mg/day; subgroup: >12 weeks or ≤12 weeks; vs. control

33 Nabi

et al.

2025

meta-analysis · 426 participants L-carnitine supplementation; vs. Control (placebo or standard care)

Further studies in this area: 41 42 60 65 76 83 85 110 112 123 127 129 141 143 145 152 155 160 164 176 190 191 197 203 230 243 248 269

L-Carnitine, Dialysis and Kidney Disease: Human Studies

In hemodialysis patients, the carnitine level increased under intravenous as well as oral levocarnitine 99163164; in carnitine deficiency, muscle mass and

handgrip strength were maintained under intravenous administration, while they declined without treatment 102. Findings on the response to erythropoietin

are inconsistent: a meta-analysis 18 and a placebo-controlled pilot study with intravenous administration 170 found a better response, a randomized study in

new dialysis patients 99 and another meta-analysis 12 found no difference. The findings come predominantly from intravenous administration of levocarnitine

in hemodialysis patients and cannot be readily transferred to oral intake in other population groups; the studies are mostly small and short, and the

participants' baseline state influences the interpretation.

STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

12 Chen et

al. 2014

meta-analysis · 1,734 participants L-carnitine; vs. Placebo or control

18 Zhu et al.

2021

meta-analysis · 1,090 participants L-carnitine; vs. Control (placebo/standard care)

29 Vajdi et

al. 2026

meta-analysis · 699 participants oral L-carnitine supplementation; subgroups: ≥1000 mg/day or <1000 mg/day; subgroup: >12 weeks or ≤12 weeks; vs

38

Chewcharat

et al. 2022

meta-analysis · 224 participants Levocarnitine (L-carnitine); > 4,200 mg/week; at least 12 weeks; vs. Control group

39 Lynch et

al. 2008

meta-analysis · 193 participants L-carnitine supplementation (oral route not specified); at least 8 weeks; vs. Placebo

55

Askarpour

et al. 2020

meta-analysis l-carnitine supplementation; vs. control groups in 43 randomized controlled trials

64

Askarpour

et al. 2019

meta-analysis l-carnitine supplementation; doses above 2 g/day effective; lower doses no effect; vs. placebo or control in randomiz

99

Mercadal et

al. 2012

randomised controlled · 92 participants intravenous L-carnitine; 1 g after each dialysis session; 1 year; vs. placebo

Further studies in this area: 102 103 105 132 134 145 150 155 163 165 170 171 176 182 183 188 193 209 215 274 276

L-Carnitine, Cognition and Nervous System: Human Studies

In diabetic neuropathy, a combination product of acetyl-L-carnitine, superoxide dismutase, alpha-lipoic acid and vitamin B12 improved symptoms and nerve

conduction values 101, and in breast cancer patients receiving paclitaxel, oral acetyl-L-carnitine reduced neuropathic complaints 149. In hepatic

encephalopathy, oral acetyl-L-carnitine improved ammonia levels and the number connection test in a meta-analysis 30, and in prefrail older adults the

MMSE score increased more than with placebo 98. In contrast, a systematic review found no effects of L-carnitine on reaction time, vigilance and memory
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performance in cognitively healthy young adults after short-term intake 73. In diabetic neuropathy, acetyl-L-carnitine acted similarly to methylcobalamin 82.

The findings apply predominantly to oral acetyl-L-carnitine in ill or older persons; with the combination product 101, the effect cannot be attributed to acetyl-

L-carnitine alone.

STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

25 Veronese

et al. 2018

meta-analysis · 791 participants Acetyl-L-carnitine, mostly monotherapy; vs. Placebo/no intervention or antidepressants

30 Jiang et al.

2013

meta-analysis · 660 participants Oral acetyl-L-carnitine; vs. Placebo

49 Rodrigues

et al. 2023

systematic review Acetyl-L-carnitine (named as trigger)

73 Chen et al.

2017

systematic review L-carnitine or acetyl-/propionyl-L-carnitine; any dose, not reported; 3 days of treatment; vs. placebo or no treatme

86 Yoon et al.

2022

randomised controlled · 150 participants L-carnitine; 2 g/day; 24 weeks; vs. Placebo

88 Tauqir et

al. 2021

randomised controlled · 147 participants Acetyl-L-carnitine plus metformin and pioglitazone; ALC 1500 mg, metformin 500 mg, pioglitazone 15 mg twice dai

92 Parnetti et

al. 1993

randomised controlled · 126 participants ST200 (acetyl-L-carnitine); vs. l-alpha-glycerylphosphorylcholine (alpha GPC)

98

Malaguarnera

et al. 2022

randomised controlled · 92 participants Oral acetyl-L-carnitine; 1.5 g twice daily; 3 months treatment, 3 months follow-up; vs. Placebo, double-blind rando

Further studies in this area: 120 131 201 216 222 224 227 236 237 240 242 244 247 255 256 258 261 265 268 270

L-Carnitine and Fertility: Human Studies

In men with impaired fertility, meta-analyses found better sperm motility under L-carnitine or acetyl-L-carnitine 114559. In a study with several treatment arms,

motility improved in all groups, normal sperm morphology only with L-carnitine 80; a combination product of L-carnitine, acetyl-L-carnitine and further

micronutrients improved concentration and motility compared with placebo 96. In women with polycystic ovary syndrome, higher pregnancy and ovulation

rates as well as more favorable follicle and endometrium findings were found under levocarnitine 19, and in IVF patients with previous treatment failure, oral

levocarnitine was associated with more oocyte maturation, blastocyst formation and live births 189. This contrasts with a placebo-controlled study in women

with polycystic ovary syndrome undergoing assisted reproduction, in which oocyte maturation, embryo quality and pregnancy rates did not differ 95.

STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

11 Su et

al.

2022

meta-analysis · 1,790 participants Carnitine (form not specified); vs. Placebo and other antioxidants

19 Abu-

Zaid et

al.

2025

meta-analysis · 1,046 participants L-carnitine (LC) supplementation; vs. untreated groups

45 Ma

et al.

2025

meta-analysis Oral L-carnitine monotherapy; vs. Placebo

46 Niu

et al.

2025

meta-analysis Oral carnitine and coenzyme Q10 antioxidants; vs. Placebo

59

Khaw

et al.

2020

meta-analysis L-carnitine and L-acetylcarnitine; vs. Placebo or control

62

Buhling

et al.

2019

meta-analysis L-carnitine + acetyl-L-carnitine; 2 g/day L-carnitine + 1 g/day acetyl-L-carnitine; vs. Placebo

80 Lee

et al.

2024

randomised controlled · 350 participants L-carnitine 2 g/day alone or with tadalafil and/or S. repens; 2 g daily; 3 months post-therapy; vs. tadalafil 5 mg, S. repens
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STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

88

Tauqir

et al.

2021

randomised controlled · 147 participants Acetyl-L-carnitine plus metformin and pioglitazone; ALC 1500 mg, metformin 500 mg, pioglitazone 15 mg twice daily; 12 

Further studies in this area: 95 122 169 189 207 229 238 246 249 263 264 267 275

L-Carnitine, Tolerability and Safety: Human Studies

Regarding the tolerability of L-carnitine and acetyl-L-carnitine, several controlled studies found no differences in adverse events 328182176; in hepatic

encephalopathy they were rare and minor 30. A meta-analysis in hemodialysis patients 12 and a placebo-controlled study in pemphigus vulgaris 141 reported

no side effects. Less frequent vomiting occurred in a controlled study with oral acetyl-L-carnitine in breast cancer patients 149. This contrasts with a large

placebo-controlled study in women receiving taxane chemotherapy, in which acetyl-L-carnitine did not prevent nerve damage: at the later measurement,

nerve complaints were more severe and severe neurotoxicity was more frequent than with placebo 79. The findings come predominantly from oral

administration of acetyl-L-carnitine and free levocarnitine in different patient groups. A combination product of L-carnitine, acetyl-L-carnitine, L-arginine,

glutathione, coenzyme Q10, zinc, selenium and B vitamins was as tolerable as placebo 104. Overall, the evidence is low, the studies are small and

heterogeneous; long-term studies on safety in healthy individuals are still pending.

STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON RESULT

12 Chen

et al.

2014

meta-analysis · 1,734 participants L-carnitine; vs. Placebo or control Adverse effects (No a

24 Kumar

et al.

2026

meta-analysis · 809 participants Acetyl-L-carnitine; vs. Placebo and standard antidepressants Adverse effects (fewe

25

Veronese

et al.

2018

meta-analysis · 791 participants Acetyl-L-carnitine, mostly monotherapy; vs. Placebo/no intervention or antidepressants Incidence of adverse e

30 Jiang

et al.

2013

meta-analysis · 660 participants Oral acetyl-L-carnitine; vs. Placebo Adverse events (repor

32 Li et

al. 2015

meta-analysis · 523 participants Acetyl-L-carnitine; vs. Placebo or other active medications Total adverse event ra

34 Martí-

Carvajal

et al.

2019

systematic review · 398 participants Acetyl-L-carnitine plus standard care; vs. Placebo plus standard care Non-serious adverse e

67 Di et

al. 2019

systematic review Acetyl-L-carnitine (ALC); vs. Placebo Safety profile

71 Liu et

al. 2018

systematic review Oral dietary supplements, including L-carnitine; Short term, medium term, long term; vs. Placebo Safety outcomes

Further studies in this area: 73 79 81 82 87 92 119 131 141 149 160 162 172 176 179 192 194 219 232 240 243 247 255 270

L-Carnitine: Further Outcomes in Studies

Meta-analyses and several placebo-controlled studies found lower inflammatory markers with L-carnitine 3546398113117125 and more favorable values for

oxidative stress 354117119; after exercise, the muscles recovered better with L-carnitine L-tartrate than with placebo 108. Systematic reviews on poisoning 41

and on skin treatment 43 also include combinations, for example with N-acetylcysteine or licochalcone A, which do not allow conclusions about L-carnitine

alone. The overall strength of evidence is high, but the heterogeneity of forms, doses and populations limits generalization.

STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

3 Rastgoo et

al. 2023

meta-analysis · 3,255 participants L-carnitine supplementation; Subgroups: ≥ 2 g/day; Subgroups: ≥ 12 weeks; vs. Placebo group

7 Zeng et al.

2025

meta-analysis · 2,481 participants L-carnitine (nutritional supplement); vs. other nutritional supplements and controls

16 Oh et al.

2022

meta-analysis · 1,217 participants l-carnitine or carnitine-orotate (complex); vs. Control without carnitine
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STUDY DESIGN  ·  PARTICIPANTS PREPARATION  ·  DOSE  ·  DURATION  ·  COMPARISON

20 Askarpour

et al. 2020

meta-analysis · 1,025 participants L-carnitine supplementation; vs. Control group (placebo or no supplementation)

22 Rolim et al.

2019

systematic review · 907 participants Acetyl-L-carnitine (ALC); 1500 mg/day, 2000 mg/day, or 3000 mg/day; up to 12 months; vs. Placebo, methylcobalamin

23 Cai et al.

2018

meta-analysis · 826 participants Acetyl-L-carnitine (ALC); vs. placebo, lactulose, probiotics, rifaximin, L-ornithine L-aspartate

24 Kumar et

al. 2026

meta-analysis · 809 participants Acetyl-L-carnitine; vs. Placebo and standard antidepressants

27

Abbasnezhad

et al. 2019

meta-analysis · 779 participants L-carnitine supplementation; less or higher than 4000 mg/day; short and long duration of supplementation; vs. Control

Further studies in this area: 28 30 31 32 34 36 37 41 43 47 48 52 53 54 57 61 63 67 71 72 75 77 78 79 80 81 82 86 87 88 97 98 106 108 109 111 113 114 115 116 117 118 119 120 121 124 125 126 128 130

131 133 134 136 138 139 140 141 146 149 150 151 153 154 155 157 158 160 161 162 166 167 172 173 174 175 177 178 180 181 183 184 185 187 191 195 196 200 204 205 206 208 209 210 211 212 213 214 215 216 217

218 220 221 223 225 226 228 231 233 234 235 236 237 239 245 247 248 250 251 252 253 254 257 259 260 266 268 270 271 272

4. How Is L-Carnitine Dosed? Preparation, Dose and Duration in Studies

The studies predominantly used oral free L-carnitine (levocarnitine), acetyl-L-carnitine and L-carnitine L-tartrate. In hemodialysis patients, levocarnitine was

given partly intravenously after dialysis, partly orally. Individual investigations tested combination products with other substances, from which no single-

substance effect can be derived.

PREPARATION  OR  FORM DOSE DURATION STUDY

Acetyl-L-carnitine 3,000 mg per day 24 weeks 79

L-carnitine 2 g/day alone or

with tadalafil and/or S.

repens

2 g daily 3 months post-therapy 80

oral acetyl-L-carnitine 3 g/day 8 weeks 81

oral acetyl-L-carnitine vs.

methylcobalamin

ALC 500 mg t.i.d.; MC 0.5 mg t.i.d. 24 weeks 82

oral L-carnitine

(levocarnitine)

20 mg/kg/day 12 months 83

L-carnitine fumarate +

acetyl-L-carnitine +

vitamin/mineral complex +

clomiphene citrate

L-carnitine fumarate 1 g, acetyl-L-carnitine 0.5 g twice daily; CC 25 mg twice daily 3-4 months treatment, follow-up at 6 months 84

L-carnitine (L-C) 2 g daily 6 months 85

L-carnitine 2 g/day 24 weeks 86

acetyl-L-carnitine (ALC)

versus placebo, plus

sagopilone 16 mg/m² i.v.

1,000 mg ALC every 3 days up to 6 cycles of sagopilone every 3 weeks 87

Acetyl-L-carnitine plus

metformin and pioglitazone

ALC 1500 mg, metformin 500 mg, pioglitazone 15 mg twice daily 12 weeks 88

Crisugabalin plus acetyl-L-

carnitine vs. alpha-lipoic

acid plus acetyl-L-carnitine

— 16 weeks 89

G-Series medium with three

antioxidants (A3)

— culture to day 5/6 90

Acetyl-L-Carnitine plus

alpha-lipoic acid,

resveratrol, cholecalciferol

1000 mg acetyl-L-carnitine daily 30 days 91



I NTERNAT IONAL  HEALTH  RESEARCH L-Carnitine

Page 8 of 15ih-research.com/en/knowledge/l-carnitine/

PREPARATION  OR  FORM DOSE DURATION STUDY

Liquid nutraceutical with

collagen peptides, vitamins,

L-carnitine

— 90 days 93

Donepezil plus acetyl-L-

carnitine (DA group)

— 24 weeks 94

5. Is L-Carnitine Safe? Side Effects in Studies

Several controlled studies found no differences in adverse events compared with the comparison group 328182176; further work reported rare and minor or no

side effects 1230141. A large placebo-controlled study in women undergoing taxane chemotherapy found stronger nerve complaints at the later measurement

and more frequent severe neurotoxicity under acetyl-L-carnitine than under placebo 79. The evidence on tolerability is overall low, the studies are small and

heterogeneous.

STUDY REPORTED  SIDE  EFFECTS

2 Zhou et al. 2024 Safety ranked by SUCRA; acetyl-L-carnitine not among top three safest

12 Chen et al. 2014 No adverse effects reported

24 Kumar et al. 2026 fewer adverse effects than standard antidepressants

25 Veronese et al. 2018 Adverse effects less frequent with ALC than antidepressants

28 Yang et al. 2017 All drugs except pemoline relatively safe

30 Jiang et al. 2013 infrequent and minor

32 Li et al. 2015 No severe adverse events; pain, headache, paraesthesia, hyperesthesia, retching, biliary colic, gastrointestinal disorders; rates similar to control

33 Nabi et al. 2025 Safety assessed, no specific details

34 Martí-Carvajal et al.

2019

Non-serious adverse events: 8/126 vs 3/120; RR 2.51

38 Chewcharat et al. 2022 Muscle cramps

41 Rezaee et al. 2026 LC/ALC was generally well tolerated

43 Chow et al. 2026 TMAO-related cardiovascular risks mentioned

6. What Remains Open: Limits of the Evidence

It remains open how strongly the participants' baseline state determines the results.

The optimal dose and route of administration (oral vs. intravenous) is not clarified.

Results from intravenous administration in dialysis patients cannot be readily transferred to oral intake in other population groups.

With combination products, the effect cannot be attributed to the single substance.

Long-term studies on safety in healthy individuals are still pending.

7. Bottom Line: What Is Established About L-Carnitine

L-carnitine is investigated in numerous human studies, especially in sports, cardiovascular diseases, fertility disorders, kidney diseases and cognitive

disorders. The results are mixed depending on the field and population: meta-analyses show improvements especially in sperm motility, in blood glucose

and blood lipids, and under acetyl-L-carnitine in hepatic encephalopathy; in hemodialysis patients, the findings are inconsistent depending on the measured

parameter. Individual studies, by contrast, found an increase in LDL cholesterol, and in metabolic syndrome also greater narrowing of the carotid artery. The

findings apply in each case to the form and preparation investigated, mostly oral levocarnitine or acetyl-L-carnitine; with combination products, no single-

substance effect can be derived. Tolerability was comparable to the control group in several controlled studies, but the evidence for this is low, and one

randomized controlled study reported more neurotoxicity under acetyl-L-carnitine during taxane chemotherapy.
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Frequently Asked Questions

How well has L-Carnitine been studied in humans?

We evaluated 316 human studies on L-Carnitine, including 144 randomised controlled trials and 80 meta-analyses or systematic reviews; the controlled

studies include 9,025 participants in total. As of 10 October 2026.

Does L-Carnitine help with metabolism and Blood Lipids? What the studies show

We evaluated 31 meta-analyses or systematic reviews, 37 controlled studies and 14 further studies; the controlled studies include 1,446 participants in

total. Result of the controlled studies: mixed. Strength of evidence under our published rules: high. Sources: 1568

Does L-Carnitine help with heart and Circulation? What the studies show

We evaluated 12 meta-analyses or systematic reviews, 17 controlled studies and 7 further studies; the controlled studies include 955 participants in

total. Result of the controlled studies: mostly no difference. Strength of evidence under our published rules: high. Sources: 451013

Does L-Carnitine help with dialysis and Kidney Disease? What the studies show

We evaluated 7 meta-analyses or systematic reviews, 18 controlled studies and 4 further studies; the controlled studies include 610 participants in

total. Result of the controlled studies: mixed. Strength of evidence under our published rules: high. Sources: 12182938

Does L-Carnitine help with cognition and Nervous System? What the studies show

We evaluated 3 meta-analyses or systematic reviews, 6 controlled studies and 19 further studies; the controlled studies include 636 participants in

total. Result of the controlled studies: mixed. Strength of evidence under our published rules: high. Sources: 25304973

Does L-Carnitine help with fertility? What the studies show

We evaluated 5 meta-analyses or systematic reviews, 5 controlled studies and 11 further studies; the controlled studies include 669 participants in

total. Result of the controlled studies: mixed. Strength of evidence under our published rules: moderate. Sources: 11194546

Does L-Carnitine help with tolerability and Safety? What the studies show

We evaluated one controlled study and 31 further studies; the controlled studies include 409 participants in total. Result of the controlled studies:

worsened. Strength of evidence under our published rules: unclear. Sources: 12242530

What is L-carnitine and what is it investigated for in studies?

L-carnitine is an endogenous compound that is involved in the utilization of long-chain fatty acids. Human studies investigate it especially in sports,

cardiovascular diseases, fertility disorders, kidney diseases and cognitive disorders.

Which forms of L-carnitine were used in the studies?

The studies predominantly used oral free L-carnitine (levocarnitine), acetyl-L-carnitine and L-carnitine L-tartrate. In hemodialysis patients, levocarnitine

was given partly intravenously after dialysis, partly orally. Individual investigations tested combination products with other substances.

Do the human studies show an effect on fertility?

In men with impaired fertility, meta-analyses found better sperm motility under L-carnitine or acetyl-L-carnitine 114559. In women with polycystic ovary

syndrome, higher pregnancy and ovulation rates were found 19. In women with polycystic ovary syndrome undergoing assisted reproduction, by

contrast, L-carnitine did not improve oocyte maturation, embryo quality and pregnancy rates 95.

How tolerable is L-carnitine?

Several controlled studies found no differences in adverse events compared with the comparison group 328182176; further work reported rare and minor

or no side effects 1230141. A large placebo-controlled study in women undergoing taxane chemotherapy found stronger nerve complaints at the later

measurement and more frequent severe neurotoxicity under acetyl-L-carnitine than under placebo 79. The evidence on tolerability is overall low.
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What should be considered when interpreting the study results?

The results apply in each case to the form and preparation investigated. With combination products, the effect cannot be attributed to the single

substance. Results from intravenous administration in dialysis patients cannot be readily transferred to oral intake in other population groups. The

participants' baseline state influences the interpretation.
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Sources

1 The Effect of the L-Carnitine Supplementation on Obesity Indices: An Umbrella Meta-Analysis
Hamedi-Kalajahi F, Zarezadeh M, Malekahmadi M, Jamilian P, Jamilian P, Molani-Gol R et al. ·
2025

2 Safety and efficacy of antioxidant therapy in children and adolescents with attention deficit

hyperactivity disorder: A systematic review and network meta-analysis
Zhou P, Yu X, Song T, Hou X · 2024

3 The effects of L-carnitine supplementation on inflammatory and anti-inflammatory markers in

adults: a systematic review and dose-response meta-analysis
Rastgoo S, Fateh ST, Nikbaf-Shandiz M, Rasaei N, Aali Y, Zamani M et al. · 2023

4 Effective dosing of L-carnitine in the secondary prevention of cardiovascular disease: a

systematic review and meta-analysis
Shang R, Sun Z, Li H · 2014

5 The effects of L-carnitine supplementation on cardiovascular risk factors in participants with

impaired glucose tolerance and diabetes: a systematic review and dose-response meta-
analysis

Gheysari R, Nikbaf-Shandiz M, Hosseini AM, Rasaei N, Hosseini S, Bahari H et al. · 2024

6 The effects of L-carnitine supplementation on glycemic markers in adults: A systematic
review and dose-response meta-analysis

Zamani M, Pahlavani N, Nikbaf-Shandiz M, Rasaei N, Ghaffarian-Ensaf R, Asbaghi O et al. ·
2022

7 Comparative Efficacy of Nutritional Supplements in Modulating Lung Function and Exercise

Capacity in COPD Patients: A Network Meta-Analysis

Zeng Y, He T, Ma X, Guo Q, Zhang J · 2025

8 Comparison of nutritional supplements in improving glycolipid metabolism and endocrine
function in polycystic ovary syndrome: a systematic review and network meta-analysis

Hu X, Wang W, Su X, Peng H, Tan Z, Li Y et al. · 2023

9 Effects of l-carnitine supplementation on weight loss and body composition: A systematic
review and meta-analysis of 37 randomized controlled clinical trials with dose-response

analysis
Talenezhad N, Mohammadi M, Ramezani-Jolfaie N, Mozaffari-Khosravi H, Salehi-Abargouei A
· 2020

10 The Effects of L-Carnitine Supplementation on Weight Loss, Glycemic Control, and
Cardiovascular Risk Factors in Patients With Type 2 Diabetes: A Systematic Review and

Dose-response Meta-Analysis of Randomized Controlled Trials

Mirrafiei A, Jayedi A, Shab-Bidar S · 2024

11 Effect of Antioxidants on Sperm Quality Parameters in Subfertile Men: A Systematic Review

and Network Meta-Analysis of Randomized Controlled Trials

Su L, Qu H, Cao Y, Zhu J, Zhang SZ, Wu J et al. · 2022

12 L-Carnitine supplementation for adults with end-stage kidney disease requiring maintenance
hemodialysis: a systematic review and meta-analysis

Chen Y, Abbate M, Tang L, Cai G, Gong Z, Wei R et al. · 2014

13 The Effects of L-Carnitine Supplementation on Blood Pressure in Adults: A Systematic Review
and Dose-response Meta-analysis

Anaraki SR, Aali Y, Nikbaf-Shandiz M, Rasaei N, Khadem A, Bahari H et al. · 2024

14 Effects of L-carnitine supplementation on lipid profile in adult patients under hemodialysis: a
systematic review and meta-analysis of RCTs

Karimi M, Pirzad S, Pourfaraji SMA, Parhizkar Roudsari P, Shirsalimi N, Ahmadizad S · 2024

15 The Effects of L-Carnitine, Acetyl-L-Carnitine, and Propionyl-L-Carnitine on Body Mass in
Type 2 Diabetes Mellitus Patients

Wang DD, Wang TY, Yang Y, He SM, Wang YM · 2021

16 Impact of l-Carnitine Supplementation on Liver Enzyme Normalization in Patients with
Chronic Liver Disease: A Meta-Analysis of Randomized Trials

Oh H, Park CH, Jun DW · 2022

17 Does L-carnitine supplementation affect serum levels of enzymes mainly produced by liver?
A systematic review and meta-analysis of randomized controlled clinical trials

Pirmadah F, Ramezani-Jolfaie N, Mohammadi M, Talenezhad N, Clark CCT, Salehi-Abargouei
A · 2020

18 Effect of L-carnitine supplementation on renal anemia in patients on hemodialysis: a meta-
analysis

Zhu Y, Xue C, Ou J, Xie Z, Deng J · 2021

19 Effect of L-carnitine supplementation on fertility outcomes among patients with polycystic
ovary syndrome: a systematic review and dose-response meta-analysis of randomized

clinical trials
Abu-Zaid A, Alghamdi GA, Alharbi AS, Baradwan S, Saleh SAK, Adly HM et al. · 2025

20 Effect of L-Carnitine Supplementation on Liver Enzymes: A Systematic Review and Meta-

analysis of Randomized Controlled Trials
Askarpour M, Djafarian K, Ghaedi E, Sadeghi O, Sheikhi A, Shab-Bidar S · 2020

21 Effects of L-carnitine supplementation for women with polycystic ovary syndrome: a

systematic review and meta-analysis
Mohd Shukri MF, Norhayati MN, Badrin S, Abdul Kadir A · 2022

22 Acetyl-L-carnitine for the treatment of diabetic peripheral neuropathy

Rolim LC, da Silva EM, Flumignan RL, Abreu MM, Dib SA · 2019

23 Efficacy of different drugs in the treatment of minimal hepatic encephalopathy: A network
meta-analysis involving 826 patients based on 10 randomized controlled trials

Cai XJ, Wang L, Hu CM · 2018

24 Current Evidence of Acetyl-L-Carnitine Use in Mood Disorders-: A Systematic Review and
Meta-Analysis

Kumar R, Hashempour Z, Shahriarirad S, Shahriarirad R, Hassett LC, Singh B et al. · 2026

25 Acetyl-L-Carnitine Supplementation and the Treatment of Depressive Symptoms: A

Systematic Review and Meta-Analysis
Veronese N, Stubbs B, Solmi M, Ajnakina O, Carvalho AF, Maggi S · 2018

26 L-carnitine supplementation to prevent postoperative complications after cardiac surgery: A

systematic review and meta-analysis of randomised clinical trials
Shalabi L, Ibrahim A, Elsawy MA, Zreigh S, Dervis M, Elshabrawi MN et al. · 2025

27 Effect of L-carnitine on liver enzymes and biochemical factors in hepatic encephalopathy: A

systematic review and meta-analysis
Abbasnezhad A, Choghakhori R, Kashkooli S, Alipour M, Asbaghi O, Mohammadi R · 2019

28 Pharmacological treatments for fatigue in patients with multiple sclerosis: A systematic
review and meta-analysis

Yang TT, Wang L, Deng XY, Yu G · 2017

29 Effect of L-carnitine supplementation on cardiac-metabolic risk factors in hemodialysis

patients: a systematic review and meta-analysis of clinical trials
Vajdi M, Adeli S, Noshadi N, Darzi M, Khajeh M, Pourteymour Fard Tabrizi F et al. · 2026

30 Oral acetyl-L-carnitine treatment in hepatic encephalopathy: view of evidence-based

medicine
Jiang Q, Jiang G, Shi KQ, Cai H, Wang YX, Zheng MH · 2013

31 Effect of l-Carnitine Supplementation on Osteoarthritis: A Systematic Review

Kou H, Li B, Wang Z, Ma J · 2024

32 Acetyl-L-carnitine in the treatment of peripheral neuropathic pain: a systematic review and
meta-analysis of randomized controlled trials

Li S, Li Q, Li Y, Li L, Tian H, Sun X · 2015

33 Safety and efficacy of L-carnitine supplementation in improving cardiac function of
hemodialysis patients: a systematic review and meta-analysis

Nabi R, Farooqi HA, Abbasi SUAM, Rajpar NA, Munir A, Ahmed HB et al. · 2025

34 Acetyl-L-carnitine for patients with hepatic encephalopathy
Martí-Carvajal AJ, Gluud C, Arevalo-Rodriguez I, Martí-Amarista CE · 2019

35 Influence of L-carnitine supplementation on serum lipid profile in hemodialysis patients: a

systematic review and meta-analysis
Huang H, Song L, Zhang H, Zhang H, Zhang J, Zhao W · 2013

36 The supplementation of L-carnitine in critically ill patients with sepsis: a systematic review

and meta-analysis of randomized controlled trials
Meng C, Ma Y, Fu N, Li J, Sun B, Li Z et al. · 2024

37 The supplementation of L-carnitine in septic shock patients: Systematic review and meta-

analysis
Guedes GV, Minicucci MF, Tanni SE · 2022

38 The effect of levocarnitine supplementation on dialysis-related hypotension: A systematic

review, meta-analysis, and trial sequential analysis

Chewcharat A, Chewcharat P, Liu W, Cellini J, Phipps EA, Melendez Young JA et al. · 2022

39 Effects of L-carnitine on dialysis-related hypotension and muscle cramps: a meta-analysis

Lynch KE, Feldman HI, Berlin JA, Flory J, Rowan CG, Brunelli SM · 2008

40 Impact of L-carnitine supplementation on lipid profile parameters in overweight and obese
women: a systematic review and meta-analysis of randomized controlled trials

Yu Y, Xu D, Shang S, Liu Y, Qian Z · 2026

41 L-Carnitine and Acetyl-L-Carnitine in Drug Poisonings: A Systematic Review of Clinical and

Experimental Evidence
Rezaee H, Abbasgholizadeh F · 2026

42 Therapeutic potential of L-carnitine in coronary artery disease: a systematic review

Werida RH, Okda SM · 2026

43 L-Carnitine in Dermatology: A Systematic Review of Therapeutic Potential and Biomarker

Applications

Chow EY, Sapijaszko M · 2026

44 Nutraceuticals for the management of weight and inflammation-related complications in
obesity: a pediatric perspective. Systematic review and network meta-analysis

Zuccotti G, Gatti A, Rossi V, Cordaro E, Calcaterra V · 2026

45 Meta-analysis of the efficacy and safety of L-carnitine and N-acetylcysteine monotherapy for
male idiopathic infertility

Ma X, Yang Y, Liu S, Cui Y, Wu J · 2025

46 Effects of Carnitine and Coenzyme Q10 on Sperm Quality and Pregnancy Rates in Men with
Unexplained Infertility: A Systematic Review and Network Meta-Analysis

Niu C, Lu X, Xie Y, Yu Y, Gao Y, Shen N et al. · 2025

47 Management of Fatigue in Adult Survivors of Cancer: ASCO-Society for Integrative Oncology
Guideline Update

Bower JE, Lacchetti C, Alici Y, Barton DL, Bruner D, Canin BE et al. · 2024

48 Efficacy and safety of carnitine supplementation on NAFLD: a systematic review and meta-
analysis

Liu A, Cai Y, Yuan Y, Liu M, Zhang Z, Xu Y et al. · 2023

49 Triggers for acute mood episodes in bipolar disorder: A systematic review
Rodrigues Cordeiro C, Côrte-Real BR, Saraiva R, Frey BN, Kapczinski F, de Azevedo Cardoso T
· 2023

50 The effect of L-carnitine supplementation on lipid profile in adults: an umbrella meta-analysis
on interventional meta-analyses

Musazadeh V, Alinejad H, Esfahani NK, Kavyani Z, Keramati M, Roshanravan N et al. · 2023

51 Effects of L-carnitine supplementation on glucolipid metabolism: a systematic review and

meta-analysis
Li Y, Xie Y, Qiu C, Yu B, Yang F, Cheng Y et al. · 2023

52 The Effect of L-Carnitine on Mortality Rate in Septic Patients: A Systematic Review and Meta-

Analysis on Randomized Clinical Trials
Abdollahi H, Abdolahi M, Sedighiyan M, Jafarieh A · 2021

53 Carnitine in Alcohol Use Disorders: A Scoping Review

Bota AB, Simmons JG, DiBattista A, Wilson K · 2021

54 The effects of L-carnitine supplementation on indicators of inflammation and oxidative stress:
a systematic review and meta-analysis of randomized controlled trials

Fathizadeh H, Milajerdi A, Reiner Ž, Amirani E, Asemi Z, Mansournia MA et al. · 2020

55 Beneficial effects of l-carnitine supplementation for weight management in overweight and
obese adults: An updated systematic review and dose-response meta-analysis of

randomized controlled trials
Askarpour M, Hadi A, Miraghajani M, Symonds ME, Sheikhi A, Ghaedi E · 2020

56 The effect of l-carnitine supplementation on lipid profile and glycaemic control in adults with

cardiovascular risk factors: A systematic review and meta-analysis of randomized controlled
clinical trials

Asadi M, Rahimlou M, Shishehbor F, Mansoori A · 2020
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57 The Effect of L-Carnitine Supplementation on Exercise-Induced Muscle Damage: A

Systematic Review and Meta-Analysis of Randomized Clinical Trials
Yarizadh H, Shab-Bidar S, Zamani B, Vanani AN, Baharlooi H, Djafarian K · 2020

58 The effects of L-carnitine supplementation on lipid concentrations inpatients with type 2

diabetes: A systematic review and meta-analysis of randomized clinical trials
Asbaghi O, Kashkooli S, Amini MR, Shahinfar H, Djafarian K, Clark CCT et al. · 2020

59 l-carnitine and l-acetylcarnitine supplementation for idiopathic male infertility

Khaw SC, Wong ZZ, Anderson R, Martins da Silva S · 2020

60 L-Carnitine's Effect on the Biomarkers of Metabolic Syndrome: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials

Choi M, Park S, Lee M · 2020

61 The effect of emerging nutraceutical interventions for clinical and biological outcomes in
multiple sclerosis: A systematic review

Marx W, Hockey M, McGuinness AJ, Lane M, Christodoulou J, van der Mei I et al. · 2020

62 Influence of oral vitamin and mineral supplementation on male infertility: a meta-analysis and
systematic review

Buhling K, Schumacher A, Eulenburg CZ, Laakmann E · 2019

63 The effect of L-carnitine on inflammatory mediators: a systematic review and meta-analysis
of randomized clinical trials

Haghighatdoost F, Jabbari M, Hariri M · 2019

64 Efficacy of l-carnitine supplementation for management of blood lipids: A systematic review
and dose-response meta-analysis of randomized controlled trials

Askarpour M, Hadi A, Symonds ME, Miraghajani M, Omid Sadeghi, Sheikhi A et al. · 2019

65 Effects of L-carnitine supplementation on blood pressure: a systematic review and meta-

analysis of randomized controlled trials
Askarpour M, Hadi A, Dehghani Kari Bozorg A, Sadeghi O, Sheikhi A, Kazemi M et al. · 2019

66 The Effects of L-Carnitine Supplementation on Serum Lipids: A Systematic Review and Meta-

Analysis of Randomized Controlled Trials
Fathizadeh H, Milajerdi A, Reiner Ž, Kolahdooz F, Chamani M, Amirani E et al. · 2019

67 Acetyl-L-carnitine in painful peripheral neuropathy: a systematic review

Di Stefano G, Di Lionardo A, Galosi E, Truini A, Cruccu G · 2019

68 The effects of L-carnitine supplementation on glycemic control: a systematic review and
meta-analysis of randomized controlled trials

Fathizadeh H, Milajerdi A, Reiner Ž, Kolahdooz F, Asemi Z · 2019

69 The effects of supplementation with L-carnitine on apolipoproteins: A systematic review and
meta-analysis of randomized trials

Sheikhi A, Djafarian K, Askarpour M, Shab-Bidar S · 2019

70 The effect of L-carnitine supplementation on serum leptin concentrations: a systematic
review and meta-analysis of randomized controlled trials

Nazary-Vannani A, Ghaedi E, Mousavi SM, Teymouri A, Rahmani J, Varkaneh HK · 2018

71 Dietary supplements for treating osteoarthritis: a systematic review and meta-analysis
Liu X, Machado GC, Eyles JP, Ravi V, Hunter DJ · 2018

72 The role of nutrients in the pathogenesis and treatment of migraine headaches: Review

Nattagh-Eshtivani E, Sani MA, Dahri M, Ghalichi F, Ghavami A, Arjang P et al. · 2018

73 L-carnitine for cognitive enhancement in people without cognitive impairment
Chen N, Yang M, Zhou M, Xiao J, Guo J, He L · 2017

74 Impact of L-carnitine on plasma lipoprotein(a) concentrations: A systematic review and meta-

analysis of randomized controlled trials
Serban MC, Sahebkar A, Mikhailidis DP, Toth PP, Jones SR, Muntner P et al. · 2016

75 Natural products and complementary therapies for chemotherapy-induced peripheral

neuropathy: A systematic review
Brami C, Bao T, Deng G · 2016

76 Effect of L-carnitine Supplementation on Circulating C-reactive Protein Levels: A Systematic

Review and Meta-Analysis
Sahebkar A · 2015

77 Effect of L-carnitine therapy on patients in maintenance hemodialysis: a systematic review

and meta-analysis
Yang SK, Xiao L, Song PA, Xu X, Liu FY, Sun L · 2014

78 A critical review of complementary therapies for cancer-related fatigue

Sood A, Barton DL, Bauer BA, Loprinzi CL · 2007

79 Randomized double-blind placebo-controlled trial of acetyl-L-carnitine for the prevention of
taxane-induced neuropathy in women undergoing adjuvant breast cancer therapy

Hershman DL, Unger JM, Crew KD, Minasian LM, Awad D, Moinpour CM et al. · 2013

80 Multi-pharmacological treatment for young subfertile males with chronic prostatitis/chronic
pelvic pain syndrome

Lee DH, Yu YD · 2024

81 A prospective study to evaluate the efficacy and safety of oral acetyl-L-carnitine for the

treatment of chemotherapy-induced peripheral neuropathy
Sun Y, Shu Y, Liu B, Liu P, Wu C, Zheng R et al. · 2016
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