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Introduction: Previous meta-analyses investigating the therapeutic effects of 
L-carnitine on lipid profiles have demonstrated inconsistent results. The present 
umbrella meta-analysis aimed to investigate the impact of efficacy of L-carnitine 
on lipid profiles in adults.

Methods: Databases including PubMed, Scopus, and Embase, Web of Science, and 
Google Scholar were searched up to June 2023. Meta-analysis was performed 
using a random-effects model.

Results: Our results from thirteen meta-analyses indicated that L-carnitine 
supplementation significantly total cholesterol (TC) (ES  =  −1.05  mg/dL, 95% CI: 
−1.71, −0.39; p  =  0.002), triglycerides (TG) (ES  =  −2.51  mg/dL; 95% CI: −3.62, 
−1.39, p  <  0.001), and low-density lipoprotein-cholesterol (LDL-C) (ES  =  −4.81  mg/
dL; 95% CI: −6.04, −3.59; p  <  0.001). It also increased high-density lipoprotein-
cholesterol (HDL-C) (ES: 0.66  mg/dL, 95% CI: 0.20, 1.12, p  =  0.005) levels.

Conclusion: The present umbrella meta-analysis suggests supplementation 
with L-carnitine in a dosage of more than 2  g/day can improve lipid profile. 
Thus, L-carnitine supplementation can be  recommended as an adjuvant anti-
hyperlipidemic agent.
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Introduction

Chronic heart disease (CHD) is a serious problem in public health in the world. The 
prevalence of this disease has enhanced considerably in developed and developing countries (1). 
CHD is a leading cause of death in the world, claiming the lives of up to 17.5 million people each 
year (2). The underlying cause of CHD is atherosclerosis, an inactive, progressive condition 
characterized by the deposition of excess cholesterol in the sub endothelial space (3, 4). 
Dyslipidemia, as one of the most important modifiable risk factors for atherosclerosis, is 
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determined by a disturbance in circulating amounts of triglycerides 
(TG), total cholesterol (TC), high-density lipoprotein-cholesterol 
(HDL-C), and low-density lipoprotein-cholesterol (LDL-C) levels (5, 
6). Therefore, dyslipidemia is associated with atherosclerosis leading 
to CHD. Statins are pharmacological drugs used to prevent CHD by 
reducing plasma LDL-C levels; however, statins do not significantly 
alter other lipid indices (7, 8). Also, these common medications can 
cause poisoning and side effects such as myotoxicity, intracranial 
hemorrhage, and coenzyme Q10 deficiency in patients (3, 4, 9). 
Currently, natural compounds are used for the prevention and 
treatment of chronic diseases, and the use of natural compounds with 
antioxidant, anti-inflammatory, lipid profile modulating, and blood 
pressure lowering properties as oral supplements are one of the new 
ways to prevent and treat chronic diseases (10, 11).

L-carnitine is an ammonium cation, either obtained from dietary 
or synthesized in the liver, kidney, and brain. Animal sources like fish, 
meat, milk, and poultry are the best sources of L-carnitine (12). 
L-carnitine is necessary for importing long-chain fatty acids (LCFA) 
into the mitochondrial matrix for beta-oxidation (13) and depleting 
the acyl groups out of the mitochondria in all tissues (14). 
Furthermore, L-carnitine can improve adipokines concentrations (15) 
and decrease the repletion of detrimental metabolites generated in 
coronary embolism and thrombosis (16–18). Overall, these 
mechanisms may be  improved lipid profile and prevent 
related diseases.

Several meta-analyses have been conducted to investigate the 
therapeutic effects of L-carnitine on lipid profiles (19, 20); nevertheless, 
the results are still inconsistent (21–23). Thus, the present umbrella 
meta-analysis study was conducted to impart accurate and 
deterministic data regarding supplementation with L-carnitine on 
lipid profiles including TG, TC, LDL-C, and HDL-C levels.

Methods

We used the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines in this study to analyze the 
articles (PROSPERO registration number: CRD42022307425) (24).

Search strategy

To find the relevant studies, five electronic databases, including 
Scopus, Web of Science, PubMed, Embase and Google Scholar were 
searched systematically up to June 2023. Search strings were relevant 
to the L-carnitine on lipid profiles (Supplementary file). In addition, 
we used the sign of “*” to improve the search literature sensitivity. 
Besides, a manual search of the references of qualified studies was 
performed to minimize the risk of missing relevant papers.

Study selection

Following are the PICOTS criteria: Population/Patients (P: adults 
of 18 > years of age); Intervention (I: L-carnitine); Comparison (C: 
control or placebo group); Outcome (O: lipid profile) (TG, HDL-C, 
LDL-C, and TC); Time (T: studies with a duration of follow-up of 
≥2 weeks); and Study design (S: Meta-analyses of RCTs). We included 

meta-analysis studies examining the impacts of L-carnitine 
supplementation on lipid profile with their effect sizes (ES) and their 
corresponding confidence intervals (CI). In addition, other typologies 
of research studies including in vivo, in vitro and ex-vivo studies, 
observational studies, case reports, meta-analyses of non-randomized 
controlled trials or non-controlled trials, and quasi-experimental 
studies were excluded from the present study.

Methodological quality and quality of 
evidence

The methodological quality was evaluated using the Assessing 
the Methodological Quality of Systematic Reviews (AMSTAR) tool 
(25). The AMSTAR2 checklist was categorized into “critically low 
quality,” “low quality,” “moderate quality,” and “high quality.” 
We  evaluate the overall strength and quality of evidence using 
GRADE according to the Cochrane Handbook of systematic 
reviews of interventions and based on five factors: precision, 
consistency of results, bias risk, publication bias, and directness, 
and. The quality of a level decreases when one of the above factors 
is not met (26).

Data extraction

Data that were extracted included the outcomes (ESs and CIs of 
TG, HDL-C, LDL-C, and TC), information regarding the year of 
publication, the study’s first author, number of placebo and 
intervention groups, study location, sample sizes, supplement dosage, 
and duration.

Statistical analysis

To evaluate the combined ES of the intervention, ESs, and CIs 
for lipid parameters were used. Cochran-Q test and I2 index were 
applied to assess the heterogeneity of the meta-analysis. Significant 
heterogeneity of data was defined as I2 > 50% or a significant 
Cochran-Q test (p < 0.10). Subgroup analyses were done according 
to the duration, the dose of L-carnitine, sample size, age, and 
health status to identify potential sources of heterogeneity. The 
sensitivity analysis was conducted by the one-study exclude 
method, to determine the effect of each meta-analysis on the 
overall ES. Egger’s and Begg’s tests were used to assess the effects 
of a small study. The funnel plot was evaluated by visual inspection 
to identify the publication bias. The trim and fill methods were 
performed if there was a publication bias. All statistical analyses 
were executed using Stata software (version 16, Stata Corp. College 
Station, TX, US).

Results

Study selection and study characteristics

Figure 1 shows the PRISMA flow diagram for the studies. There 
were 95 articles total after searching electronic databases. After 
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eliminating 38 duplicate articles, 57 papers were carefully evaluated 
based on titles and abstracts, with 25 being chosen for full-text 
evaluation. 13 meta-analyses eventually met our inclusion criteria and 
were included in the present umbrella meta-analysis. The features of 
the qualified articles are shown in Table 1. The total number of effect 
sizes identified was 11 for TG, and TC, and 12 for LDL-C, and 
HDL-C, depending on the type of variable studied. The included 
studies were published between 2013 and 2021, and the participants’ 
average age ranged from 26 to 53. L-carnitine administration ranged 
from 0.54 g/day to 2.4 g/day on average across studies. From 14 to 
25 weeks were spent taking L-carnitine supplements Table 1 illustrates 
the quality of the RCTs incorporated in the current umbrella 
meta-analysis.

Methodological quality and 
GRADING-of-evidence

Table 2 shows the results of the quality assessment of qualified 
studies using the AMSTAR2 questionnaire. Out of 13 studies, ten 
studies had high-quality and three studies had moderate-quality. 
Grade assessment revealed low quality for TC and TG, but LDL-c 

and HDL-c have a moderate, and very low quality of evidence, 
respectively, (Table 3).

L-carnitine on TC

L-carnitine supplementation had a significant lowering effect on 
TC level (ES = −1.05 mg/dL, 95% CI: −1.71, −0.39; p = 0.002), with a 
significant between-study heterogeneity (I2  = 87.1%, p < 0.001) 
(Figure 2). In subjects with a mean age of under 50 years old and a 
supplement of L-carnitine >2 g/day resulted in a notable reduction of 
TC (Table 4).

L-carnitine on TG

According to the pooled estimate, subjects who took supplements 
of L-carnitine had significantly decreased levels of TG 
(ES = −2.51 mg/dL; 95% CI: −3.62, −1.39, p < 0.001;12 meta-
analyses) (Figure  3). The studies had significant between-study 
heterogeneity (I2 = 92.8%, p < 0.001). Subgroup analysis revealed that 
L-carnitine supplementation has a more pronounced effect on 

FIGURE 1

Flow diagram of study selection.
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lowering TG levels in subjects with metabolic disorders who have a 
mean age of less than 50 years and an intervention duration of less 
than 18 weeks (Table 4).

L-carnitine on LDL-C

Data from four meta-analyses indicated that L-carnitine 
supplementation significantly reduced LDL-C levels (ES = −4.81 mg/
dL; 95% CI: −6.04, −3.59; p < 0.001;11 meta-analyses) (Figure  4). 
Studies showed a significant degree of heterogeneity (I2  = 96.8%, 
p < 0.001). In studies with a dosage of more than 2 g/day on subjects 
with type 2 diabetes mellitus (T2DM), and an intervention duration 
of less than 18 weeks, subgroup analysis also revealed a strong impact 
(Table 4).

L-carnitine on HDL-C

L-carnitine supplementation significantly increased HDL-C levels 
(ES = 0.66 mg/dL, 95% CI: 0.20, 1.12, p = 0.005; 11 meta-analyses) 
(Figure  5). Also, a high degree of heterogeneity was detected 
(I2 = 72.2%, p < 0.001). Subgroup analysis revealed that subjects with 

metabolic disorders who received an 18-week intervention had a more 
pronounced effect of L-carnitine supplementation on HDL-C levels 
(Table 4).

Sensitivity analysis

Sensitivity analysis for TG showed that the elimination of studies 
by Liao et  al. (19) had an effect on the pooled ES, resulting in 
non-significance (ES = −0.29 mg/dL, 95% CI: −0.81, 0.22; p > 0.05). 
Also, the sensitivity analysis revealed no significance for TC, LDL-C, 
and HDL-C.

Publication bias, trim and fill

Egger’s unlike Begg’s test has revealed a significant small-study 
effect on TC (p = 0.001 and 0.193), LDL-C (p = 0.011 and 0.999), and 
HDL-C (p = 0.013 and 0.755) levels. In contrast to other parameters, 
no evidence of a significant small study effect was found for TG 
(p = 0.945 for Begg’s and p = 0.055 for Egger’s test). Publication bias was 
identified through a visual assessment of the funnel plot 
(Supplementary file). We conducted the trim and fill test since the 

TABLE 1 Study characteristics of included studies.

Citation 
(First author 
et al., year)

No. of studies 
in meta-
analysis

Location no. of 
participants in 
meta-analysis

Mean age 
(year)

dose(g) Health 
condition/ 
duration(wk)

Quality 
assessment 
scale and 
outcome

Casariego et al. 

2013

4 Spain 284 NR 2.2 T2DM 25 week Yes (Jadad) 4/4 high

Abbasnezhad et al. 

2020

6 Iran 468 53 1.9 Liver disorders 20 week Yes (Cochrane) 6/6 

high

Abolfathi et al. 

2020

4 Malaysia 254 53 0.84 NAFLD 15 week Yes (Jadad) 4/4 high

Asadi et al. 2020 23 Iran 1,533 NR 1.8 Metabolic disorders 

16 week

Yes (Cochrane) 18/23 

high

Asbaghi et al. 2020 8 Iran 508 53 2.4 T2DM 19 week Yes (Cochrane) 8/8 

high

Askarpour et al. 

2019

56 Iran 3,004 50 1.6 Metabolic disorders 

18 week

Yes (Cochrane) NR

Chen et al. 2014 21 China 637 52.5 0.73 ESRD 15 week Yes (Cochrane) 6/21 

high

Choi et al. 2020 6 Korea 375 53 1.6 Metabolic syndrome 

14 week

Yes (Cochrane) 4/6 

high

Huang et al. 2013 12 China 391 49 0.54 ESRD 18 week Yes (Jadad) 8/12 high

Liao et al. 2021 3 China 496 26 2.08 PCOS 12 week Yes (Cochrane) 3/3 

high

Yang et al. 2014 11 China 397 50 1.18 ESRD 20 week Yes (Cochrane) 1/11 

high

Gholipur et al.2018 10 Iran 466 NR 1 CKD 21 week Yes (Cochrane) 5/10 

high

Fathizadeh et al. 

2019

NR Iran NR NR NR NR NR
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TABLE 2 Results of assess the methodological quality of meta-analysis.

Study Q 1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Quality 
assessment

Casariego et al. 

2013
No Partial Yes Yes Partial Yes Yes Yes No Yes No No Yes No No Yes No Yes Moderate

Abbasnezhad 

et al. 2020
No Partial Yes Yes Partial Yes Yes Yes Partial Yes Yes Yes No Yes Yes Yes Yes Yes Yes High

Abolfathi et al. 

2020
Yes Yes Yes Partial Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Asadi et al. 2020 No Yes Yes Partial Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No Yes High

Asbaghi et al. 

2020
Yes Yes Yes Partial Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Askarpour et al. 

2019
Yes Partial Yes Yes Partial Yes Yes Yes Yes Yes Yes No Yes No Yes Yes Yes Yes High

Chen et al. 2014 No Yes Yes Partial Yes Yes Yes Partial Yes Yes Yes No Yes No Yes No Yes Yes Moderate

Choi et al. 2020 No Yes Yes Partial Yes No Yes Yes Partial Yes Yes Yes Yes No Yes Yes No Yes Moderate

Huang et al. 2013 No Yes Yes Partial Yes No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Moderate

Liao et al. 2021 No Yes Yes Partial Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes High

Yang et al. 2014 No Yes Yes Partial Yes Yes Yes Partial Yes Yes Yes No Yes Yes No No Yes No Moderate

Gholipur 

et al.2018
Yes Yes Yes Partial Yes Yes Yes Partial Yes Yes Yes Yes Yes

Yes No No No Yes
Moderate

Fathizadeh et al. 

2019
No No No No No No No No No No No

No No No No No
Critically low
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funnel plot assessment’s visual inspection revealed an uneven 
distribution of studies for all outcomes. Unlike other parameters, trim 
and fill analysis was performed on HDL-C level with 16 studies (five 

imputed studies); thus, correction for potential publication bias 
altered the effect of L-carnitine on HDL-C (ES = 0.31 mg/dL; 95% CI: 
−0.13, 0.74, p > 0.05).

TABLE 3 Summary of results and quality of evidence assessment using the GRADE approach.

Outcome 
measure

Summary of 
findings

Quality of evidence assessment (GRADE)

No of 
patients 
(trials)

Effect 
size 

(95% CI)

Risk 
of 
bias a

Inconsistency b Indirectness c Imprecision d Publication 
bias e

Quality of 
evidence f

Lipid profile

LDL-C (mg/dl) 6,751 (51) −4.81 

(−6.04, 

−3.59)

Not 

Serious

Not Serious Serious Not Serious Not Serious Moderate

HDL-C (mg/dl) 7,010 (54) 0.66 (0.20, 

1.12)

Not 

Serious

Not Serious Serious Serious Serious Very Low

TG (mg/dl) 8,075 (59) −2.51 

(−3.62, 

−1.39)

Not 

Serious

Not Serious Serious Serious Not Serious Low

TC (mg/dl) 8,006 (58) −1.05 

(−1.71, 

−0.39)

Not 

Serious

Not Serious Serious Serious Not Serious Low

LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglyceride; TC, total cholesterol. 
aRisk of bias based on the AMSTAR2 results.
bDowngraded if there was a substantial unexplained heterogeneity (I2 > 50%, P < 0.10) that was unexplained by meta-regression or subgroup analyses.
cDowngraded if there were factors present relating to the participants, interventions, or outcomes that limited the generalizability of the results.
dDowngraded if the 95% confidence interval (95% CI) crossed the minimally important difference (MID) for benefit or harm. MIDs used for each outcome were: 3.87 mg/dL for LDL, HDL, 
and TC, 8.86 mg/dL for TG.
eDowngraded if there was an evidence of publication bias using funnel plot.
fSince all included studies were meta-analyses of randomized control trials, the certainty of the evidence was graded as high for all outcomes by default and then downgraded based on 
prespecified criteria. Quality was graded as high, moderate, low, very low.

FIGURE 2

Forest plot detailing mean difference and 95% confidence intervals (CIs), the impacts of L-carnitine supplementation on TC levels.
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TABLE 4 Subgroup analyses for the effects of L-Carnitine supplementation on lipid profile.

Effect size, n ES (95% CI)1 P-within2 I2 (%)3 P-heterogeneity4

L-Carnitine on TC levels

Overall 12 −1.05 (−1.71, −0.39) 0.002 87.1 <0.001

Age(year)

≤50 4 −1.56 (−3.02, −0.09) 0.037 92.3 <0.001

>50 4 −2.23 (−6.23, 1.77) 0.275 49.7 0.113

NR 4 −7.25 (−14.19, −0.31) 0.041 91.5 <0.001

Intervention duration (week)

<18 3 −16.48 (−21.72, −11.23) <0.001 0.0 0.701

≥18 8 −0.38 (−0.74, −0.02) 0.040 72.0 <0.001

NR 1 −9.47 (−13.23, −5.70) <0.001 – –

Study population

T2DM 2 −8.02 (−12.99, −3.04) 0.002 0.0 0.943

Metabolic disorders 2 −9.91 (−14.40, −5.41) <0.001 6.1 0.302

CKD 4 −0.22 (−0.36, −0.08) 0.002 0.0 0.459

NAFLD 1 −13.58 (−46.76, 19.60) 0.423 – –

Liver disorders 1 −0.49 (−0.81, −0.18) 0.002 – –

PCOS 1 −18.32 (−25.10, −11.55) <0.001 – –

NR 1 −9.47 (−13.23, −5.70) <0.001 – –

Dosage (g/day)

≤ 2 8 −0.37 (−0.73, 0.00) 0.051 72.9 <0.001

> 2 3 −11.51 (−18.36, −4.66) <0.001 65.4 0.056

NR 1 −9.47 (−13.23, −5.70) <0.001 – –

L-Carnitine on LDL-C levels

Overall 11 −4.81 (−6.04, −3.59) <0.001 96.8 <0.001

Age(years)

≤50 4 −8.79 (−19.73, 2.16) 0.116 98.5 <0.001

>50 3 −3.12 (−7.39, 1.14) 0.151 77.1 0.013

NR 4 −5.68 (−11.14, −0.22) 0.042 97.1 <0.001

Intervention duration (week)

<18 4 −11.28 (−19.76, −2.81) 0.009 89.9 <0.001

≥18 6 −1.83 (−2.71, −0.95) <0.001 94.8 <0.001

NR 1 −6.25 (−9.30, −3.20) <0.001 – –

Study population

T2DM 2 −7.56 (−10.90, −4.23) <0.001 55.2 0.135

Metabolic disorders 2 −6.26 (−8.68, −3.83) <0.001 0.0 0.392

CKD 3 −0.34 (−0.58, −0.09) 0.007 45.4 0.160

NAFLD 1 −14.85 (−45.43, 15.73) 0.341 – –

Liver disorders 1 −0.20 (−0.57, 0.17) 0.296 – –

PCOS 1 −18.91 (−21.58, −16.25) <0.001 – –

NR 1 −6.25 (−9.30, −3.20) <0.001 – –

Dosage (g/day)

≤ 2 7 −0.57 (−1.07, −0.07) 0.025 79.1 <0.001

> 2 3 −11.08 (−18.73, −3.43) 0.005 95.6 <0.001

NR 1 −6.25 (−9.30, −3.20) <0.001 –

L-Carnitine on HDL-C levels

Overall 11 0.66 (0.20, 1.12) 0.005 72.2 <0.001

Age (years)

(Continued)
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TABLE 4 (Continued)

Effect size, n ES (95% CI)1 P-within2 I2 (%)3 P-heterogeneity4

≤50 4 1.18 (−0.38, 2.75) 0.139 78.2 0.003

>50 4 0.12 (−0.25, 0.49) 0.511 5.2 0.367

NR 3 0.89 (0.52, 1.25) <0.001 0.0 0.546

Intervention duration (week)

<18 5 1.19 (0.21, 2.17) 0.017 26.9 0.242

≥18 5 0.23 (−0.18, 0.65) 0.272 57.6 0.051

NR 1 1.39 (0.21, 2.57) 0.021 – –

Study population

T2DM 2 0.36 (−1.91, 2.63) 0.754 38.6 0.202

Metabolic disorders 3 1.04 (0.51, 1.57) <0.001 18.3 0.294

CKD 2 0.02 (−0.35, 0.40) 0.907 0.0 0.541

NAFLD 1 1.36 (−0.96, 3.68) 0.251 – –

Liver disorders 1 0.08 (−0.02, 0.17) 0.099 – –

PCOS 1 10.27 (1.67, 18.88) 0.019 – –

NR 1 1.39 (0.21,2.57) 0.021 – –

Dosage (g/day)

≤ 2 7 0.54 (0.09, 1.00) 0.018 75.7 <0.001

> 2 3 2.00 (−1.87, 5.87) 0.310 70.4 <0.001

NR 1 1.39 (0.21, 2.57) 0.021 – –

L-Carnitine on TG levels

Overall 12 −2.51 (−3.62, −1.39) <0.001 92.8 <0.001

Age (years)

≤50 4 −4.25 (−6.48, −2.03) <0.001 97.7 <0.001

>50 5 −5.59 (−14.45, 3.27) 0.216 61.5 0.034

NR 3 −7.69(−12.23, −3.15) <0.001 0.0 0.388

Intervention duration (week)

<18 5 −13.22 (−18.12, −8.32) <0.001 21.5 0.278

≥18 6 −0.15 (−0.42, 0.12) 0.277 46.0 0.099

NR 1 −10.35 (−16.43, −4.27) <0.001 – –

Study population

T2DM 2 −0.05 (−7.45, 7.36) 0.990 0.0 0.484

Metabolic disorders 3 −9.00 (−14.23, −3.76) <0.001 0.0 0.473

CKD 3 −0.09 (−0.29, 0.12) 0.421 0.0 0.850

NAFLD 1 −14.51 (−17.06, −11.97) <0.001 – –

Liver disorders 1 −22.13 (−38.92, −5.34) 0.010 – –

PCOS 1 −0.23 (−0.41, −0.05) 0.012 – –

NR 1 −10.35 (−16.43, −4.27) <0.001 – –

Dosage (g/day)

≤ 2 8 −0.19 (−0.61, 0.23) 0.371 65.7 0.005

> 2 3 −5.64 (−17.40, 6.12) 0.347 85.3 <0.001

NR 1 −10.35 (−16.43, −4.27) <0.001 – –

ES, effect size; CI, confidence interval; 1Obtained from the Random-effects model, 2Refers to the mean (95% CI), 3Inconsistency, percentage of variation across studies due to heterogeneity, 
4Obtained from the Q-test, NR, Not reported; T2DM, Type 2 diabetes mellitus; MetS, Metabolic syndrome, CKD, Chronic kidney disease; NAFLD, Non-alcoholic fatty liver disease; PCOS, 
Polycystic Ovary Syndrome.
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FIGURE 3

Forest plot detailing mean difference and 95% confidence intervals (CIs), the impacts of L-carnitine supplementation on TG levels.

FIGURE 4

Forest plot detailing mean difference and 95% confidence intervals (CIs), the impacts of L-carnitine supplementation on LDL-C levels.
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Discussion

L-carnitine supplementation could have antihyperlipidemic 
effects according to our pooled analysis on 13 meta-analyses consisting 
of 51, 54, 58, and 59 separate clinical trials for LDL-C, HDL-C, TC and 
TG, respectively. As far as we know, this is the first umbrella meta-
analysis of RCTs in the realm of the clinical benefits of L-carnitine 
supplementation on lipid parameters. Based on the results, TC, TG, 
LDL-C were significantly decreased after L-carnitine supplementation. 
Also, results from our study demonstrated that consuming carnitine 
supplements improved HDL-C levels.

Previous reports have proven that dyslipidemia are independent 
predictors of cardiovascular disease (CVD) risk. Accumulating 
evidence has suggested potentially beneficial properties of L-carnitine 
as nutraceutical for managing dyslipidemia and prevent of 
CVD. L-carnitine as a non-protein amino acid is the known carrier of 
fatty acids (FAs) across the inner mitochondrial membrane and plays 
an important role in the metabolism of FAs and activation of 
β-oxidation via regulating long-chain FAs transport from the 
mitochondrial membrane. Endogenous production of L-carnitine can 
be  done in kidneys and liver from lysine, methionine ascorbate, 
niacin, pyridoxine, and iron (27).

Scientific evidences associating L-carnitine and disturbances of 
glucose and lipid metabolism has been reported recently and have 
suggested L-carnitine as a potential therapeutic agent for some diseases 
such as T2DM, non-alcoholic fatty liver disease (NAFLD), end-stage 
kidney disease (ESKD), atherosclerosis, etc. (28, 29). A large number of 
studies suggested that L-carnitine consumption is associated for 
normalizing the blood concentrations of TC, TG and LDL-C (22, 30). 
As shown in Figure 6 the potential positive effects of L-carnitine on the 

lipid parameters might be  explained by several mechanisms. 
Considering recently published investigations, carnitine deficiency 
impairs insulin-sensitivity. L-carnitine enhanced the mitochondrial 
oxidation (beta-oxidation) of long chain-Acyl CoA, which its 
accumulation triggers insulin resistance in muscle cells and hepatocytes 
(31). Beyond that, L-carnitine can reduce the availability of free fatty 
acids (FFAs), diminish conversion of FFAs to TGs and prevent excess 
TG accumulation in hepatocytes (32). Interestingly, L-carnitine also can 
affect cholesterol synthesis pathway (mevalonate pathway) via 
inhibition of β-hydroxy β-methylglutaryl (HMG)-CoA reductase 
activity (33, 34). In addition to the benefits of lipids control by 
L-carnitine in the prevention of CVD, several studies also shown the 
cardio-protective effects of L-carnitine in terms of reduction of infract 
size and amelioration of cardiac dysfunction (35). Furthermore, 
L-carnitine can improve lipid profile by alteration the activity of lipid 
oxidation enzymes via modifying the expression of genes associated 
with lipid metabolism signaling including peroxisome proliferator 
activated receptor (PPAR α & γ), and peroxisome proliferator-activated 
receptor γ coactivator 1α (PGC-1α) (36–39). Also, it is evident that 
oxidative stress and inflammation can trigger initiation of 
hyperlipidemia in animals and humans. L-carnitine with anti-oxidant 
and anti-inflammatory properties can modulate dyslipidemia (40–42). 
It is important to mention that, protection of LDLs from oxidative stress 
by L-carnitine can be described via few mechanisms, including: oxygen 
concentration reduced due to enhancement of the β-oxidation of long 
chain-Acyl CoA (by cause of a large amount of oxygen consumption 
rates in β-oxidation) and consequently reactive oxygen species 
formation is decreased (43). Also, L-carnitine can inhibit the activity of 
enzymes involved in free radical generation and by induction of 
antioxidant mechanisms (44). Moreover, L-carnitine has been indicated 

FIGURE 5

Forest plot detailing mean difference and 95% confidence intervals (CIs), the impacts of L-carnitine supplementation on HDL-C levels.
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that has a potent for scavenging superoxide anion (45). Additionally, 
evidence suggests that L-carnitine promotes the synthesis of HDL-C via 
increment in Apo-A1 level (46).

Even though the findings suggest that L-carnitine 
supplementation may be efficacious for controlling lipid profile, it 
must be stated that, the effects of L-carnitine on all mentioned lipid 
parameters were heterogeneous. This heterogeneity may be explained 
by differences in treatment dosage, gender, mean age, study 
population, and duration of intervention. Also, the evidence from this 
study implies that L-carnitine supplementation >2 g/day in subjects 
with mean age ≤ 50 can meaningfully decrease TC. Similarly, 
supplementation with L-carnitine in subjects with metabolic 
disorders with mean age ≤ 50 years and duration of <18-weeks can 
meaningfully reduce TG levels. In line with TG reduction, L-carnitine 
intervention in a dose of >2 g/day with duration <18-weeks and with 
a sample size of >400 participants significantly reduced LDL-C levels, 
and in people with T2DM, this effect was more significant. Also, 
L-carnitine consumption had beneficial associations with HDL-C 

levels in subject with metabolic disorders and intervention duration 
of <18-weeks.

Aforementioned, the reducing effect of L-carnitine on the level of 
both TG and LDL-C was shown following short-term supplementation 
(<18 weeks). Some included studies (19, 30, 47) in our umbrella review 
indicated that the lowering effect of L-carnitine on TC and LDL-C was 
achieved when doses of >2 gr/day L-carnitine were consumed. In sum, 
it seems that the effect of L-carnitine on TG and LDL-C depends on 
the health condition of individuals, so the patients with metabolic 
disorders and T2DM have had the most beneficial efficiency of 
this supplementation.

The results of our investigation indicate that l-carnitine 
supplementation did not exceed the minimally important difference 
(MID) in lipid profile (Except LDL-C) in comparison with the control 
group. The MID concept has been referred to as the minimal clinically 
important difference or the minimal clinically important 
improvement. The heterogeneity also in the study characteristics 
makes it difficult to reach any strong conclusions, particularly in 

FIGURE 6

Schematics of proposed pathway for beneficial effects of L-carnitine on lipid parameters. L-carnitine enhanced the mitochondrial oxidation (beta-
oxidation) of long Chain-Acyl CoA. Carnitine can reduce the availability of free fatty acids (FFAs), diminish conversion of FFAs to triglycerides. 
L-carnitine can affect cholesterol synthesis pathway (mevalonate pathway) via inhibition of β-hydroxy β-methylglutaryl (HMG)-CoA reductase activity. 
Carnitine can improve lipid profile by modifying the expression of genes associated with lipid metabolism signaling including peroxisome proliferator 
activated receptor (PPAR α & γ), and peroxisome proliferator-activated receptor γ coactivator 1α (PGC-1α). Also, carnitine can protect LDLs from 
oxidative stress and promotes the synthesis of HDL via increment in Apo-A1 level. Carnitine Acylcarnitine translocase (CACT); Carnitine palmitoyi 
transferase II (CPT2); Carnitine palmitoyi transferase I (CPT1); Long Acyl-CoA synthetase (LACS).
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relation to clinical relevance. Therefore, the findings should 
be considered in the context of these limitations.

Based on pioneering meta-analyses investigating the effect of 
L-carnitine supplementation on lipid profiles the evidences are 
contradictory. The main reasons for these discrepancy between the 
results might partly be  due to difference between the included 
participants, duration of the study, the dosage and types of 
L-carnitine supplements.

To assimilate the wide number of current evidences available on 
L-carnitine consumption and dyslipidemia, we done this umbrella 
review of existing meta-analyses to capture the breadth of outcomes. 
We found suggestive evidence that L-carnitine may be considered as 
lipid-modulating agent solo or in concomitant with other lipid 
lowering drugs. Considerable information from previous studies the 
L-carnitine was well tolerated without any serious adverse events. 
However, some trials have reported muscle cramps, asthenia, diarrhea, 
flu syndrome and headache following high dose (5 g/day or more) of 
L-carnitine supplementation (19, 23, 30, 48).

The present umbrella meta-analysis study has several strengths. 
First, this is the first umbrella review to assess the effect of L-carnitine 
supplementation on lipid profiles with up-to-date literature search 
strategy from a large number of databases. Second, our umbrella 
review was registered in the PROSPERO. There were some limitations 
in our study. First, significant between-studies heterogeneity observed. 
Second, participants of included studies were from people with 
different health statuses that leads to indirectness. However, 
we performed subgroup analysis to present a comprehensive view on 
the anti-hyperlipidemia effectiveness of L-carnitine.

Conclusion

In conclusion, although the results indicated that L-carnitine 
supplementation resulted in a clear improvement in lipid profile in 
terms of reduction in TC, LDL-C and TG, and significant increasement 
in HDL-C levels, nevertheless, further large scale RCTs are needed in 
order to receive a definite conclusion.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

NR and VM designed research. ZK, MK, and HA conducted 
research. VM performed statistical analysis. ZK, MK, PD, and EM 
wrote paper. VM and NR had primary responsibility for final content. 
All authors contributed to the article and approved the 
submitted version.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1214734/
full#supplementary-material

References
 1. Fang X, An P, Wang H, Wang X, Shen X, Li X, et al. Dietary intake of heme iron and 

risk of cardiovascular disease: A dose–response meta-analysis of prospective cohort 
studies. Nutr Metab Cardiovasc Dis. (2015) 25:24–35. doi: 10.1016/j.numecd.2014.09.002

 2. Hajar R. Framingham contribution to cardiovascular disease. Heart views: the 
official J Gulf Heart Association. (2016) 17:78. doi: 10.4103/1995-705X.185130

 3. Fernandes V, Santos MJ, Pérez A. Statin-related myotoxicity. Endocrinol Nutr. 
(2016) 63:239–49. doi: 10.1016/j.endonu.2016.01.001

 4. Tóth Š, Šajty M, Pekárová T, Mughees A, Štefanič P, Katz M, et al. Addition of 
omega-3 fatty acid and coenzyme Q10 to statin therapy in patients with combined 
dyslipidemia. J Basic Clin Physiol Pharmacol. (2017) 28:327–36. doi: 10.1515/
jbcpp-2016-0149

 5. Organization, W.H. Cardiovascular diseases. Diakses tanggal. (2017) 7

 6. Musazadeh V, Dehghan P, Khoshbaten M. Efficacy of omega-3-rich Camelina sativa 
on the metabolic and clinical markers in nonalcoholic fatty liver disease: a randomized, 
controlled trial. Eur J Gastroenterol Hepatol. (2022) 34:537–45. doi: 10.1097/
MEG.0000000000002297

 7. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, 
et al. ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic 
cardiovascular risk in adults: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. (2013, 2014) 
63:2889–934. doi: 10.1016/j.jacc.2013.11.002

 8. Sirimarco G, Labreuche J, Bruckert E, Goldstein LB, Fox KM, Rothwell PM, et al. 
Atherogenic dyslipidemia and residual cardiovascular risk in statin-treated patients. 
Stroke. (2014) 45:1429–36. doi: 10.1161/STROKEAHA.113.004229

 9. Florentin M, Elisaf MS. Statin therapy and risk of intracranial hemorrhage in 
patients with ischemic stroke. Drug Saf. (2017) 40:851–3. doi: 10.1007/
s40264-017-0570-x

 10. Nattagh-Eshtivani E, Pahlavani N, Ranjbar G, Gholizadeh Navashenaq J, Salehi-
Sahlabadi A, Mahmudiono T, et al. Does propolis have any effect on rheumatoid 
arthritis? A review study. Food Sci Nutr. (2022) 10:1003–20. doi: 10.1002/fsn3.2684

 11. Barghchi H, Dehnavi Z, Nattagh-Eshtivani E, Alwaily ER, Almulla AF, Kareem 
AK, et al. The effects of Chlorella vulgaris on cardiovascular risk factors: A comprehensive 
review on putative molecular mechanisms. Biomed Pharmacother. (2023) 162:114624. 
doi: 10.1016/j.biopha.2023.114624

 12. Stanley CA. Carnitine deficiency disorders in children. Ann N Y Acad Sci. (2004) 
1033:42–51. doi: 10.1196/annals.1320.004

 13. Vaz FM, Wanders RJ. Carnitine biosynthesis in mammals. Biochem J. (2002) 
361:417–29. doi: 10.1042/0264-6021:3610417

 14. Ringseis R, Keller J, Eder K. Role of carnitine in the regulation of glucose 
homeostasis and insulin sensitivity: evidence from in vivo and in vitro studies with 
carnitine supplementation and carnitine deficiency. Eur J Nutr. (2012) 51:1–18. doi: 
10.1007/s00394-011-0284-2

https://doi.org/10.3389/fnut.2023.1214734
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1214734/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1214734/full#supplementary-material
https://doi.org/10.1016/j.numecd.2014.09.002
https://doi.org/10.4103/1995-705X.185130
https://doi.org/10.1016/j.endonu.2016.01.001
https://doi.org/10.1515/jbcpp-2016-0149
https://doi.org/10.1515/jbcpp-2016-0149
https://doi.org/10.1097/MEG.0000000000002297
https://doi.org/10.1097/MEG.0000000000002297
https://doi.org/10.1016/j.jacc.2013.11.002
https://doi.org/10.1161/STROKEAHA.113.004229
https://doi.org/10.1007/s40264-017-0570-x
https://doi.org/10.1007/s40264-017-0570-x
https://doi.org/10.1002/fsn3.2684
https://doi.org/10.1016/j.biopha.2023.114624
https://doi.org/10.1196/annals.1320.004
https://doi.org/10.1042/0264-6021:3610417
https://doi.org/10.1007/s00394-011-0284-2


Musazadeh et al. 10.3389/fnut.2023.1214734

Frontiers in Nutrition 13 frontiersin.org

 15. Nazary-vannani A, Ghaedi E, Mousavi SM, Teymouri A, Rahmani J, Varkaneh HK. 
The effect of L-carnitine supplementation on serum leptin concentrations: a systematic 
review and meta-analysis of randomized controlled trials. Endocrine. (2018) 60:386–94. 
doi: 10.1007/s12020-018-1559-7

 16. Wang Z-Y, Liu YY, Liu GH, Lu HB, Mao CY. l-Carnitine and heart disease. Life Sci. 
(2018) 194:88–97. doi: 10.1016/j.lfs.2017.12.015

 17. Serban M-C, Sahebkar A, Mikhailidis DP, Toth PP, Jones SR, Muntner P, et al. 
Impact of L-carnitine on plasma lipoprotein (a) concentrations: A systematic review and 
meta-analysis of randomized controlled trials. Sci Rep. (2016) 6:1–11. doi: 10.1038/
srep19188

 18. DiNicolantonio JJ, Lavie CJ, Fares H, Menezes AR, O'Keefe JH. L-carnitine in the 
secondary prevention of cardiovascular disease: systematic review and meta-analysis. 
Mayo Clin Proc. (2013) 88:544–51. doi: 10.1016/j.mayocp.2013.02.007

 19. Liao D, Liu X, Yuan X, Feng P, Ouyang Z, Liu Y, et al. Clinical evidence of the 
effects of carnitine supplementation on body weight, glycemic control and serum lipids 
in women with polycystic ovary syndrome: a systematic review and meta-analysis. 
Gynecol Endocrinol. (2021) 38:1–6. doi: 10.1080/09513590.2021.1988559

 20. Haghighatdoost F, Jabbari M, Hariri M. The effect of L-carnitine on inflammatory 
mediators: a systematic review and meta-analysis of randomized clinical trials. Eur J Clin 
Pharmacol. (2019) 75:1037–46. doi: 10.1007/s00228-019-02666-5

 21. Chen Y, Abbate M, Tang L, Cai G, Gong Z, Wei R, et al. L-Carnitine 
supplementation for adults with end-stage kidney disease requiring maintenance 
hemodialysis: a systematic review and meta-analysis. Am J Clin Nutr. (2014) 99:408–22. 
doi: 10.3945/ajcn.113.062802

 22. Huang H, Song L, Zhang H, Zhang H, Zhang J, Zhao W. Influence of L-carnitine 
supplementation on serum lipid profile in hemodialysis patients: a systematic review 
and meta-analysis. Kidney Blood Press Res. (2014) 38:31–41. doi: 10.1159/000355751

 23. Yang S-K, Xiao L, Song PA, Xu X, Liu FY, Sun L. Effect of L-carnitine therapy on 
patients in maintenance hemodialysis: a systematic review and meta-analysis. J Nephrol. 
(2014) 27:317–29. doi: 10.1007/s40620-013-0002-7

 24. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg. (2010) 
8:336–41. doi: 10.1016/j.ijsu.2010.02.007

 25. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2: a 
critical appraisal tool for systematic reviews that include randomised or non-randomised 
studies of healthcare interventions, or both. BMJ. (2017):j4008. doi: 10.1136/bmj.j4008

 26. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. 
GRADE: an emerging consensus on rating quality of evidence and strength of 
recommendations. BMJ. (2008) 336:924–6. doi: 10.1136/bmj.39489.470347.AD

 27. Li N, Zhao H. Role of Carnitine in Non-alcoholic Fatty Liver Disease and Other 
Related Diseases: An Update. Front Med. (2021) 9:689042. doi: 10.3389/
fmed.2021.689042

 28. Eknoyan G, Latos DL, Lindberg J. Practice recommendations for the use of 
L-carnitine in dialysis-related carnitine disorder. National Kidney Foundation Carnitine 
Consensus Conference. Am J Kidney Dis. (2003) 41:868–76. doi: 10.1016/
S0272-6386(03)00110-0

 29. Pekala J, Patkowska-Sokola B, Bodkowski R, Jamroz D, Nowakowski P, Lochynski 
S, et al. L-carnitine--metabolic functions and meaning in humans life. Curr Drug Metab. 
(2011) 12:667–78. doi: 10.2174/138920011796504536

 30. Vidal-Casariego A, Burgos-Peláez R, Martínez-Faedo C, Calvo-Gracia F, Valero-
Zanuy M, Luengo-Pérez L, et al. Metabolic effects of L-carnitine on type 2 diabetes 
mellitus: systematic review and meta-analysis. Exp Clin Endocrinol Diabetes. (2013) 
121:234–8. doi: 10.1055/s-0033-1333688

 31. Ringseis R, Keller J, Eder K. Role of carnitine in the regulation of glucose 
homeostasis and insulin sensitivity: evidence from in vivo and in vitro studies with 
carnitine supplementation and carnitine deficiency. Eur J Nutr. (2012) 51:1–18. doi: 
10.1007/s00394-011-0284-2

 32. Lin X, Shim K, Odle J. Carnitine palmitoyltransferase I control of acetogenesis, the 
major pathway of fatty acid {beta}-oxidation in liver of neonatal swine. Am J Physiol 
Regul Integr Comp Physiol. (2010) 298:R1435–43. doi: 10.1152/ajpregu.00634.2009

 33. Abbasnezhad A, Hasanavand A, Falahi E, Kashkooli S, Asbaghi O, Choghakhori 
R. Effect of L-Carnitine Supplementation on Lipid Profiles of Patients with Liver 
Disease: A Systematic Review and Meta-Analysis. Prev Nutr Food Sci. (2020) 25:124–32. 
doi: 10.3746/pnf.2020.25.2.124

 34. Yousefinejad A, Siassi F, Mirshafiey A, Eshraghian MR, Koohdani F, Javanbakht 
MH, et al. Effect of Genistein and L-Carnitine and Their Combination on Gene 
Expression of Hepatocyte HMG-COA Reductase and LDL Receptor in Experimental 
Nephrotic Syndrome. Iran J Public Health. (2015) 44:1339–47.

 35. Mingorance C, Rodriguez-Rodriguez R, Justo ML, Herrera MD, de Sotomayor 
MA. Pharmacological effects and clinical applications of propionyl-L-carnitine. Nutr 
Rev. (2011) 69:279–90. doi: 10.1111/j.1753-4887.2011.00387.x

 36. Carillo MR, Bertapelle C, Scialò F, Siervo M, Spagnuolo G, Simeone M, et al. 
L-Carnitine in Drosophila: A Review. Antioxidants (Basel). (2020) 9:12. doi: 10.3390/
antiox9121310

 37. Broderick TL, Cusimano FA, Carlson C, Babu JR. Biosynthesis of the Essential 
Fatty Acid Oxidation Cofactor Carnitine Is Stimulated in Heart and Liver after a Single 
Bout of Exercise in Mice. J Nutr Metab. (2018) 2018:1–7. doi: 10.1155/2018/2785090

 38. JIANG F, ZHANG Z, ZHANG Y, WU J, YU L, LIU S. L-carnitine ameliorates the 
liver inflammatory response by regulating carnitine palmitoyltransferase I-dependent 
PPARγ signaling. Mol Med Rep. (2016) 13:1320–8. doi: 10.3892/mmr.2015.4639

 39. Pesce V, Nicassio L, Fracasso F, Musicco C, Cantatore P, Gadaleta MN. Acetyl-L-
carnitine activates the peroxisome proliferator-activated receptor-γ coactivators 
PGC-1α/PGC-1β-dependent signaling cascade of mitochondrial biogenesis and 
decreases the oxidized peroxiredoxins content in old rat liver. Rejuvenation Res. (2012) 
15:136–9. doi: 10.1089/rej.2011.1255

 40. Lee BJ, Lin JS, Lin YC, Lin PT. Effects of L-carnitine supplementation on oxidative 
stress and antioxidant enzymes activities in patients with coronary artery disease: a 
randomized, placebo-controlled trial. Nutr J. (2014) 13:1–7. doi: 
10.1186/1475-2891-13-79

 41. Reis F. Therapeutic strategies targeting oxidative stress to improve dyslipidemia 
and left ventricular hypertrophy. Rev Port Cardiol. (2017) 36:639–40. doi: 10.1016/j.
repc.2017.07.003

 42. Jabarpour M, Rashtchizadeh N, Argani H, Ghorbanihaghjo A, Ranjbarzadhag M, 
Sanajou D, et al. The impact of dyslipidemia and oxidative stress on vasoactive mediators 
in patients with renal dysfunction. Int Urol Nephrol. (2019) 51:2235–42. doi: 10.1007/
s11255-019-02319-7

 43. Augustyniak A, Stankiewicz A, Skrzydlewska E. The Influence of L-Carnitine on 
Oxidative Modification of LDL In Vitro. Toxicol Mech Methods. (2008) 18:455–62. doi: 
10.1080/15376510701623508

 44. di Giacomo C, Latteri F, Fichera C, Sorrenti V, Campisi A, Castorina C, et al. Effect 
of acetyl-L-carnitine on lipid peroxidation and xanthine oxidase activity in rat skeletal 
muscle. Neurochem Res. (1993) 18:1157–62. doi: 10.1007/BF00978367

 45. Gülçin I. Antioxidant and antiradical activities of L-carnitine. Life Sci. (2006) 
78:803–11. doi: 10.1016/j.lfs.2005.05.103

 46. Lee BJ, Lin JS, Lin YC, Lin PT. Effects of L-carnitine supplementation on lipid 
profiles in patients with coronary artery disease. Lipids Health Dis. (2016) 15:107. doi: 
10.1186/s12944-016-0277-5

 47. Asbaghi O, Kashkooli S, Amini MR, Shahinfar H, Djafarian K, Clark CCT, et al. 
The effects of L-carnitine supplementation on lipid concentrations inpatients with type 
2 diabetes: A systematic review and meta-analysis of randomized clinical trials. J 
Cardiovasc Thorac Res. (2020) 12:246–55. doi: 10.34172/jcvtr.2020.43

 48. Choi M, Park S, Lee M. L-carnitine’s effect on the biomarkers of metabolic 
syndrome: a systematic review and meta-analysis of randomized controlled trials. 
Nutrients. (2020) 12:2795. doi: 10.3390/nu12092795

https://doi.org/10.3389/fnut.2023.1214734
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1007/s12020-018-1559-7
https://doi.org/10.1016/j.lfs.2017.12.015
https://doi.org/10.1038/srep19188
https://doi.org/10.1038/srep19188
https://doi.org/10.1016/j.mayocp.2013.02.007
https://doi.org/10.1080/09513590.2021.1988559
https://doi.org/10.1007/s00228-019-02666-5
https://doi.org/10.3945/ajcn.113.062802
https://doi.org/10.1159/000355751
https://doi.org/10.1007/s40620-013-0002-7
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.3389/fmed.2021.689042
https://doi.org/10.3389/fmed.2021.689042
https://doi.org/10.1016/S0272-6386(03)00110-0
https://doi.org/10.1016/S0272-6386(03)00110-0
https://doi.org/10.2174/138920011796504536
https://doi.org/10.1055/s-0033-1333688
https://doi.org/10.1007/s00394-011-0284-2
https://doi.org/10.1152/ajpregu.00634.2009
https://doi.org/10.3746/pnf.2020.25.2.124
https://doi.org/10.1111/j.1753-4887.2011.00387.x
https://doi.org/10.3390/antiox9121310
https://doi.org/10.3390/antiox9121310
https://doi.org/10.1155/2018/2785090
https://doi.org/10.3892/mmr.2015.4639
https://doi.org/10.1089/rej.2011.1255
https://doi.org/10.1186/1475-2891-13-79
https://doi.org/10.1016/j.repc.2017.07.003
https://doi.org/10.1016/j.repc.2017.07.003
https://doi.org/10.1007/s11255-019-02319-7
https://doi.org/10.1007/s11255-019-02319-7
https://doi.org/10.1080/15376510701623508
https://doi.org/10.1007/BF00978367
https://doi.org/10.1016/j.lfs.2005.05.103
https://doi.org/10.1186/s12944-016-0277-5
https://doi.org/10.34172/jcvtr.2020.43
https://doi.org/10.3390/nu12092795

	The effect of L-carnitine supplementation on lipid profile in adults: an umbrella meta-analysis on interventional meta-analyses
	Introduction
	Methods
	Search strategy
	Study selection
	Methodological quality and quality of evidence
	Data extraction
	Statistical analysis

	Results
	Study selection and study characteristics
	Methodological quality and GRADING-of-evidence
	L-carnitine on TC
	L-carnitine on TG
	L-carnitine on LDL-C
	L-carnitine on HDL-C
	Sensitivity analysis
	Publication bias, trim and fill

	Discussion
	Conclusion
	Data availability statement
	Author contributions

	References

