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KEYWORDS Abstract Background and aim: L-carnitine has an important role in fatty acid metabolism and
L-carnitine; could therefore act as an adjuvant agent in the improvement of dyslipidemia. The purpose of pre-
Lipid profile; sent systematic review and meta-analysis was to critically assess the efficacy of L-carnitine sup-
Meta-analysis; plementation on lipid profiles.
Systematic review Methods and results: We performed a systematic search of all available randomized controlled

trials (RCTs) in the following databases: Scopus, PubMed, ISI Web of Science, The Cochrane Li-
brary. Mean difference (MD) of any effect was calculated using a random-effects model.

In total, there were 55 eligible RCTs included with 58 arms, and meta-analysis revealed that 1-
carnitine supplementation significantly reduced total cholesterol (TC) (56 arms-MD: —8.53 mg/
dl, 95% ClI: —13.46, —3.6, I*: 93%), low-density lipoprotein-cholesterol (LDL-C) (47 arms-MD:
—5.48 mg/dl, 95% CI: —8.49, —2.47, I?: 94.5) and triglyceride (TG) (56 arms-MD: —9.44 mg/d],
95% CI: —16.02, —2.87, 12: 91.8). It also increased high density lipoprotein-cholesterol (HDL-C)
(51 arms-MD:1.64 mg/dl, 95% CI:0.54, 2.75, 12: 92.2). L-carnitine supplementation reduced TC
in non-linear fashion based on dosage (r = 21.11). Meta-regression analysis indicated a linear
relationship between dose of L-carnitine and absolute change in TC (p = 0.029) and LDL-C
(p = 0.013). Subgroup analyses showed that L-carnitine supplementation did not change TC,
LDL-C and TG in patients under hemodialysis treatment. Intravenous -carnitine and lower doses
(>2 g/day) had no effect on TC, LDL-C and triglycerides.

Conclusion: L-carnitine supplementation at doses above 2 g/d has favorable effects on patients’
lipid profiles, but is modulated on participant health and route of administration.
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Introduction

Cardiovascular diseases (CVD), defined as the disorders of
the heart and blood vessels; they are a leading cause of
death globally of up to 17.5 million people every year [1,2].
Dyslipidemia is a major risk factor for CVD and is defined
as a disturbance in circulating amounts of total cholesterol
(TC), triglyceride (TG), low-density lipoprotein-cholesterol
(LDL-C), and high-density lipoprotein-cholesterol (HDL-C)
[3]. Aside from drug administration, dietary modification
can treat dyslipidemia [4,5]. In recent years, lipid-lowering
effects of dietary supplements have been examined [6—10]
which has been critically reviewed in recent studies
[11-13].

L-carnitine is a quaternary ammonium cation, either
synthesized in metabolically active organs including kid-
ney, liver and brain or can be obtained from certain foods;
animal products like meat, fish, poultry, and milk are the
best sources [14]. Dietary intake can provide part of human
body needs for carnitine [15] which reported to be be-
tween 2 and 135 mg per day [16,17]. However since
carnitine could be synthesized endogenously and exoge-
nous intake cannot affect its biosynthesis (the major
source), the daily requirement of exogenous carnitine in
humans is unknown [16,17] and there is no recommended
daily intake for normal children and adults [16,17]. Carni-
tine also could be supplemented by mouth or intrave-
nously; doses between 500 mg and 3000 mg and between
1 and 2 g oral and intravenous respectively [18].

Carnitine plays an important role in lipid metabolism
through transporting long-chain fatty acids (FAs) to
mitochondria where beta-oxidation occurs [19]. L-carnitine
can also reduce the accumulation of harmful metabolites
generated in coronary thrombosis and embolism [20—22]
as well as improving adipokine concentrations [23].
Conversely insufficient carnitine is a major risk factor
leading to CVD [20]. Administration of intravenous and
oral carnitine at high amounts decreased mortality and
heart failure among patients with CVDs [24]. Preliminary
data suggest that supplementation with L-carnitine can
improve insulin sensitivity in individuals with type 2
diabetes, and mild cognitive impairment and mild Alz-
heimer’s disease [25,26]. Furthermore, patients undergo-
ing dialysis present with low plasma carnitine levels due
to removal during dialysis and impaired biosynthesis.
Repeated dialysis can result in depletion of carnitine in
skeletal muscle. Supplementation with carnitine has been
recommended for improving health status of these pa-
tients [27].

Due to its major role in FA metabolism, L-carnitine may
act as an adjuvant agent in the improvement of dyslipi-
demia. This could be due to the lowering effect of -
carnitine on very low-density lipoproteins (VLDL) syn-
thesis by increasing beta-oxidation and abundance of he-
patic fatty acid binding proteins [28,29]. However studies
evaluating the association between L-carnitine supple-
mentation and lipid profile have shown conflicting effects
with some studies indicating an inverse relation [30—32],
and other not showing any relationship [33,2,34]. We

therefore conducted this systematic review and meta-
analysis to summarize current findings on the effect of L-
carnitine supplementation on lipid profile in adult
humans.

Methods
Search strategy

Our meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement [35]. The Population
(aged > 18 years old), Intervention (carnitine supple-
mentation), Comparison (matched control group), utcome
(lipid profile (PICOS) model was used and included TC,
LDL-C, HDL-C and TG measures that were conducted as
randomized controlled trials (RCT).

The following bibliographical databases were searched,
up to February 2019 with no limitation on time and lan-
guage in PubMed, Scopus, Cochrane library and ISI Web of
Science. Our search strategy consisted of the following
medical subject headings (MeSH) and non-MeSH terms
keywords: “carnitine”, OR “L-carnitine” OR “levo-carnitine”
OR “acetyl carnitine” OR “acetyl-i-carnitine” OR “ACAL”
AND “Intervention Studies” OR “intervention” OR
“controlled trial” OR “randomized” OR “randomised” OR
“random” OR “randomly” OR “placebo” OR “assignment”
OR randomized controlled trial OR randomized clinical
trial OR RCT OR blinded OR double blind OR double blin-
ded OR “trial” OR ‘controlled clinical trial’ OR Pragmatic
Clinical Trial OR ‘crossover procedure’ OR Cross-Over trial
OR Double-Blind Method OR ‘equivalence trial’ OR ‘double
blind procedure’. In addition, to ensure we collected any
other relevant papers, all reference lists of eligible studies,
previous review articles and trial registry platforms were
searched.

Study selection and eligibility criteria

All recorded articles found from electronic or manual
searches were entered into endnote software for screening
(EndNote X6, Thomson Reuters, New York). The title and
abstract of all articles found in the initial search were
evaluated independently by two reviewers (M.A. and A.H.).
All clinical trials were included in the present meta-
analysis if our inclusion criteria met: (1) carried out as a
RCT; (2) investigated the impact of carnitine supplemen-
tation on lipid profile including TG, TC, LDL-C and HDL-C.
All studies that supplemented another compound com-
bined with r-carnitine in both intervention and placebo
group also were included; (3) presented data of interest as
mean and standard deviation (SD) of lipid profiles (TC, TG,
LDL-C and HDL-C) in both intervention and placebo
groups; and (4) had a trial duration of more than 1 week.
Articles that did not meet the eligibility criteria were
excluded by using a screen form with a hierarchical
approach based on study design, study population, type of
intervention and outcomes measured. Exclusion criteria
were (1) using a mixture of carnitine only in intervention
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group, not including a placebo group; (2) semi-
experimental, nonrandomized trials and trials without
control groups; (3) enrolled pregnant or lactating women
(4) duplicate studies with the same population (when
several papers reported the same data, recent paper with
largest population were included); (5) experimental and
animal studies; and (6) reviews, letters to editor, editorial
articles, or case reports. Any disagreements were discussed
and resolved by the chief researcher (E.G.).

Data extraction

Using a pre-designed standardized electronic form (Excel,
Microsoft Office), two reviewers (M.A. and A.H.) abstracted
data from eligible studies: 1) the first author’s last name,
and year of publication; 2) trial design as crossover or
parallel RCT; 3) age and number of participants; 4) trial
duration, 5) dose of carnitine; 6) method of administration
as oral and intravenous. Also, mean and SD of lipid profile
before and after intervention were extracted. Any reported
standard errors of mean (SEM), were converted to SDs
through following formula by S.D = S.EM x yn (n is the
number of participants in each group). Finally, in studies
which reported data in graphical figures, data extraction
was performed by using GetData Graph Digitizer 2.24 [36].

Quality assessment

A systematic assessment of bias in the included studies
was performed using the Cochrane criteria [37]. The
quality of all included studies were evaluated by two au-
thors (A. S and 0.S) for following items: selection bias
(adequacy of sequence generation and allocation
concealment), flawed outcome data (dropouts), detection
(blinding), and reporting bias (selective outcome report-
ing) and other possible causes of bias. Based on The
Cochrane Handbook recommendation, studies were
ranked as low (L), or high risk of bias (H) or unclear (U)
regarding each field of bias [37]. Cochrane risk of bias of
included studies are outline in Supplemental Table 1.

Statistical analysis

Mean change and SD for TG, TC, HDL-C and LDL-C in the
intervention and placebo groups were used to calculate
effect size. As for studies with no reported SD of the mean
difference, following formula were used: SD
change = square root [(SD baseline 2 + SD final 2) -
(2 x 0.8 x SD baseline x SD final)] [38]. Pooled effect size
was estimated using the DerSimonian-Laird method. The
estimates of effect sizes were expressed as weighted mean
difference (WMD) and 95% confidence interval (CI). The
heterogeneity across studies was evaluated by using
Cochrane’s Q and I? tests [39]. A significance level of I* >
40% was considered as clinically important heterogeneity.
To find the possible sources of between-study heteroge-
neity pre-planned subgroup analysis were performed
based on participant’s health condition (healthy/diabetic/
dialysis/having hepatic disorders/other diseases), baseline

body mass index (BMI), gender, study design, type of
supplementation (oral or intravenous), dose and trial
duration (weeks). The potential non-linear effects of L-
carnitine dose (mg/day) and treatment duration (weeks)
were investigated using fractional polynomial modeling
[40]. Meta-regression analysis was executed to evaluate
the association between pooled effect size and L-carnitine
dose (mg/day). Sensitivity analysis were performed to
assess the effect of each individual study on the overall
estimate of effect size by removing each study in turn [41].
Publication bias was evaluated by means of Begg’s rank
correlation test and visual inspection of funnel plots [42].
All statistical analysis and data synthesis was performed
using STATA MP V.14.0. (StataCorp, College Station, Texas,
USA).

Results
Study selection

Out of 9680 provided articles in primary search, 3073
duplicated studies excluded. All title and abstracts were
checked and unrelated studies excluded due to following
reasons: 6520 discarded in primary evaluation of inclusion
criteria: unrelated title (n = 5792), experimental studies
(n = 648), letter to editor, short survey and note (n = 43),
review paper and book section (n = 37). Eventually, 87
relevant studies remained; 32 other studies were excluded
following full text scrutinizing: 1) performed on children
and teenagers (n = 5), 2) publication which evaluate the
effect of L-carnitine supplementation combined with other
treatments (n = 6) 3) studies that did not report data of
interest (n = 21). Finally, 55 studies with 58 arms were
included for quantitative and qualitative analysis. The
PRISMA flow diagram of search process is depicted in
Supplemental Fig. 1.

Study characteristics

The characteristics of studies included are outlined in Table
1. In total, 3058 participants were recruited and the date of
publication was between 1980 and 2018. The trial duration
ranged between 2 and 54 weeks, and sample size ranged
from 10 to 227 participants. All of studies were designed as
parallel RCT. Selected studies enrolled subjects with
different health conditions; fifteen studies enrolled pa-
tients with diabetes [34,43—56], twenty two investigated
the effect of L-carnitine supplementation in patients under
hemodialysis treatment [57—62,33,63,31,64—77]; two
recruited patients with chronic hepatitis C diagnosis
[78,79]; two enrolled dyslipidemia subjects [80,81]; single
studies investigated the following health conditions:
nonalcoholic steato-hepatitis [82], hypothyroidism [2],
osteoarthritis [83], pemphigus vulgaris [84], rapid muscle
fatigue [85], polycystic ovary syndrome [86] and coronary
artery disease [87]. All other studies enrolled healthy
subjects [88—90] or obese participants [32,91,92].

Some of included studies enrolled only males
[32,81,87,90] or females [91,83,92,86] but most involved



Table 1 General Characteristics of included studies.

Author (location, Study design population Sex Number Intervention Intervention Duration Intervention Route of Out come
year) (Case/control) Mean (range) Mean BMI - carnitin
Intervention group .. .
age (years) (Kg/m2) . administration
Comparison group
Alavinejad et al. Parallel (double-blind) Diabetic Patients M/F 28/26 60 28.6 3 Months 1-carnitine (750 mg/day)  Oral TC, TG
(Iran, 2016) Placebo
An et al. (south Parallel (double-blind) Hypothyroidism M/F 28/25 49 24.7 12 Weeks i-carnitine (1980 mg/day) Oral TC, TG, HDL, LDL
korea, 2016) Patients Placebo (Not reported)
Bloomer et al. Parallel (double-blind) Pre Diabetic Patients M/F 14/15 31 28.5 8 Weeks Acetyl L-carnitine Arginate Oral TC, HDL, LDL
(USA, 2009) (3 g/day) (Equation)
Placebo
Brescia et al. Parallel (open-label Diabetic Patients with M/F 16/16 >30 NR 2 Months r-carnitine (2 g/day) plus  Oral TC, TG, HDL
(Italy, 2002) trial) Hyperlipidemia Simvastatin (20 mg/day)
Simvastatin (20 mg/day)
Delas et al. Parallel (double-blind) Healthy Sedentary M/F 18/12 23.1 22.7 2 Weeks L-carnitine (2 g/day) Oral TC, TG, HDL
(Croatia, 2008) Population Placebo
Derosa et al. Parallel (double-blind) Hypercholesterolemic M/F 46/48 52 273 6 Months L-carnitine (2 g/day) plus  Oral TC, TG, HDL, LDL
(Italy, 2003) Patients with Type 2 controlled-energy diet (Equation)
Diabetes Placebo plus controlled-
energy diet
Derosa et al. Parallel (double-blind) Diabetic patients M/F 113/110 54 33.9 12 Months i-carnitine (2 g/day) plus  Oral TCTG, HDL, LDL
(Italy, 2011) Sibutramine (10 mg/day) (Equation)
Sibutramine (10 mg/day)
Derosa et al. Parallel (double-blind) Diabetic patients M/F 114/113 51 329 12 Months r-carnitine (2 g/day) plus  Oral TC, TG, HDL, LDL
(Italy, 2011) Orlistat (360 mg/day) (Equation)
Orlistat (360 mg/day)
Duranay et al. Parallel (open-label Hemodialysis Patients M/F 21/21 44 234 6 Months r-carnitine (20 mg/kg/three Intravenous  TC, TG, LDL
(Turkey, 2006) trial) times per week) (Equation)
No Placebo
Elsheikh et al. Parallel (open-label Type 2 Diabetes M/F 31/27 50.9 344 6 Months 1-carnitine (2 g/day) plus  Oral TC, TG, HDL, LDL
(Egypt, 2018) trial) Mellitus Patients Glimepiride (4 mg/day) (Equation)
Glimepiride (4 mg/day)
EmamiNaini et  Parallel (double-blind) Hemodialysis Patients M/F 24/27 53.9 23 16 Weeks L-carnitine (1 g/day) Oral TC, TG, HDL, LDL
al. (Iran, 2012) Placebo (Equation)
Eshghinia et al.  Parallel (double-blind) Hemodialysis Patients M/F 17/17 45.1 231 16 Weeks L-carnitine (2 g/day) Oral TC, TG, HDL, LDL
(Iran, 2014) Placebo (Not reported)
Florentin et al.  Parallel (double-blind) Dyslipidemia Patients M/F 29/29 53 29 12 Weeks i-Carnitine (2 g/day) plus Oral TC, TG, HDL, LDL
(Greece, 2016) Simvastatin (20 mg/day) (Equation)
Placebo plus Simvastatin
(20 mg/day)

Fukami et al. Parallel (open-label Hemodialysis Patients M/F 32/38 68 223 6 Months 1-carnitine (900 mg/day) Oral TG, HDL, LDL
(Japan, 2013) trial) Placebo (Not reported)
Galvano et al. Parallel (double-blind) Type 2 Diabetes M/F 38/37 52.1 28.2 4 Months r-carnitine (2 g/day) plus  Oral TC, TG, HDL, LDL
(Italy, 2009) Mellitus Patients Simvastatin (20 mg/day) (Equation)

Simvastatin (20 mg/day)
Golper et al. Parallel (double-blind) Hemodialysis Patients M/F 26/33 47.5 NR 6 Months r-carnitine (20 mg/kg/three Intravenous  TC, HDL, LDL
(USA, 1990) times per week) (Equation)

Placebo
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Gonzalez-Ortiz
et al. (Mexico,
2008)

Guarnieri et al.
(Italy, 1980)

Hakimi et al.
(Iran, 2015)

Higuchi et al.
(Japan, 2014)
Higuchi et al.
(Japan, 2016)
Hlais et al.
(Lebanon,
2012)
Karimi et al.
(Iran, 2012)

Karimi et al.
(Iran, 2012)

Kudoh et al.
(Japan, 2014)

Labonia et al.
(Argentina,
1995)

Lee et al.
(Taiwan,
2016)

Liang et al.
(China,1998)

Mahdavi et al.
(Iran, 2015)

Malaguarnera et
al. (Italy, 2002)

Malaguarnera et
al. (Italy, 2007)
Malaguarnera et
al. (Italy, 2008)

Parallel (double-blind)

Parallel (single-blind)

Parallel (double-blind)

Parallel (open-label
trial)

Parallel (open-label
trial)

Parallel (single-blind)

Parallel (double-blind)

Parallel (double-blind)
Parallel (double-blind)

Parallel (double-blind)

Parallel (single-blind)

Parallel (double-blind)
Parallel (double-blind)

Parallel (open-label
trial)

Parallel (double-blind)

Parallel (double-blind)

Type 2 Diabetes
Mellitus Patients

Hemodialysis Patients

Obese Male

Hemodialysis Patients
Hemodialysis Patients

Dyslipidemic Patients

Obese Women

Obese Women
Chronic Hemodialysis

Patients
Hemodialysis Patients

Coronary Artery
Disease

Diabetic Patients
Obese women with

knee osteoarthritis
Chronic Hepatitis C

Centenarians

Diabetic Patients

MJ/F 6/6

MJF 8/8

M 12/12

M/F 67/64
M/F 72/73

M 15/19

F 1111

F o 11/11

MJ/F 9/6

MJF 13/11

M 20/19

MJF 23/23
F  33/36

M/F 14/11

MJF 27/27

M/F 41/40

441

24—-66

23.6

67

66

55.6

34.8

344

66.2

41.8

71.9

594

51.6

56.8

101

49

27.5

NR

322

NR

22

313

333

339

NR

NR

NR

27.2

31.5

26

22.2

274

4 Weeks

14 Weeks

8 Weeks

12 Months

12 Months

12 Weeks

8 Weeks

8 Weeks

3 Months

6 Months

12 Weeks

12 Weeks

8 Weeks

6 Months

6 Months

3 Months

L-carnitine (3 g/day)
Placebo

L-carnitine (0.5—1 g/three
times per week)

Placebo

L-carnitine (3 g/day) plus
Resistance and Endurance
training program (3 times a
week for 8 weeks)
Placebo plus Resistance
and Endurance training
program (3 times a week
for 8 weeks)

L-carnitine (20 mg/kg/day)
No Placebo

L-carnitine (20 mg/kg/day)
No Placebo

L-carnitine (1 g/day)
Placebo

L-carnitine (2 g/day) plus
aerobic training

Placebo plus aerobic
training

L-carnitine (2 g/day)
Placebo

L-carnitine (900 mg/day)
Placebo

L-carnitine (1 g/day)
Placebo

L-carnitine (1 g/day)
Placebo

L-carnitine (3 g/day)
Placebo

L-carnitine (750 mg/day)
Placebo

L-carnitine (2 g/day) plus
[FNo (3 million IU three
times a week)

IFNe. (3 million IU three
times a week)
L-carnitine (2 g/day)
Placebo

L-carnitine (2 g/day)
Placebo

Oral TC, TG, HDL, LDL
(Equation)

Intravenous TG, TC

Oral TC, TG, HDL, LDL
(Equation)

Oral TC, TG, LDL (Not
reported)

Oral TC, TG, LDL (Not
reported)

Oral TC,TG, HDL, LDL
(Direct)

Oral TC, TG, HDL, LDL
(Equation)

Oral TC, TG, HDL, LDL
(Equation)

Oral TC, TG, HDL, LDL
(Not reported)

Intravenous TC, TG, HDL

Oral TC, TG, HDL, LDL
(Direct)

Oral TC, TG, HDL

Oral TC, TG, HDL, LDL
(Equation)

Oral TC, TG, HDL, LDL
(Equation)

Oral TC, TG, HDL

Oral TC, TG, HDL, LDL

(Equation)

(continued on next page)
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Table 1 (continued )

Author (location, Study design population Sex Number Intervention Intervention Duration Intervention Route of Out come
year) (Case/control) Mean (range) Mean BMI - carnitin
Intervention group .. g
age (years) (Kg/m2) . administration
Comparison group
Malaguarnera et Parallel (double-blind) Nonalcoholic M/F 36/38 479 26.6 24 Weeks 1-carnitine (2 g/day) plus ad Oral TC, TG, HDL, LDL
al. (Italy, 2010) Steatohepatitis libitum diet (Equation)
placebo plus ad libitum diet
Mitwalli et al. Parallel (single-blind) Hemodialysis Patients M/F 18/13 54 NR 6 Months -carnitine (15 mg/kg/three intravenous TC, TG
(KSA, 2005) times per week)
Placebo
Mohammadi et Parallel (double-blind) Patients with M/F 26/26 41 28 8 Weeks 1-carnitine (2 g/day) Oral TC, TG, HDL, LDL
al. (Iran, 2017) Pemphigus Vulgaris Placebo (Direct)
Mortazavi et al. Parallel (double-blind) Hemodialysis Patients M/F 17/19 54 NR 6 Months 1-carnitine (750 mg/day) Oral TC, TG, HDL, LDL
(Iran, 2012) Placebo (Not reported)
Mosah et al. Parallel (single-blind)  Obese Females F  18/18 33.1 34.5 12 Weeks 1-carnitine (1 g/day) Oral TC, TG, HDL, LDL
(Iraq, 2015) No Placebo (Not reported)
Nilsson-ehle et  Parallel (double-blind) Hemodialysis Patients M/F 14/14 24—65 NR 6 Weeks 1-carnitine (2 g/three times Intravenous  TC, TG, HDL, LDL
al. (Sweden, per week) (Equation)
1985) Placebo
Odo et al. (Japan, Parallel (double-blind) Healthy Volunteers M 5/5 444 26.6 4 Weeks i-carnitine (500 mg/day) Oral TC, TG, HDL, LDL
2013) plus motivation training (Not reported)
placebo plus motivation
training
Odo et al. (Japan, Parallel (double-blind) Healthy Volunteers M 6/5 433 25.8 4 Weeks L-carnitine (500 mg/day) Oral TC, TG, HDL, LDL
2013) placebo (Not reported)
Parvanova et al. Parallel (double-blind) Type 2 Diabetes M/F 109/110 64.9 30 6 Months Acetyl L-carnitine (2 g/day) Oral TC, TG, HDL, LDL
(UK, 2018) Mellitus Patients plus Simvastatin (10 (Not reported)
—20 mg/day)
Placebo plus Simvastatin
(10—20 mg/day)
Pistone et al. Parallel (double-blind) Elderly Subjects with ~ M/F 42/42 81.5 25.7 1 Month  r-carnitine (4 g/day) plus ad Oral TC, TG, HDL, LDL
(Italy, 2003) Rapid Muscle Fatigue libitum diet (Not reported)
placebo plus ad libitum diet
Rahbar et al. Parallel (double-blind) Type 2 Diabetes M/F 19/16 50.5 279 12 Weeks 1-carnitine (3 g/day) Oral TC, TG, HDL, LDL
(Iran, 2005) Mellitus Patients placebo (Equation)
Rathod et al. Parallel (single-blind) Hemodialysis Patients M/F 10/10 40.3 NR 8 Weeks  1-carnitine (20 mg/kg/three Intravenous  TC, TG, HDL, LDL
(India, 2006) times per week) (Not reported)
Placebo
Romano et al. Parallel (double-blind) Chronic Hepatitis C M/F 35/35 50.1 25.8 12 Months t-carnitine (2 g/day) plus  Oral TC, TG, HDL, LDL
(Italy, 2007) [FNo (3 million IU three (Equation)
times a week) plus
ribavirin (1000 mg per day)
IFNe (3 million IU three
times a week) plus
ribavirin (1000 mg per day)
Sakurabayashi et Parallel (open-label Hemodialysis Patients M/F 10/10 45.7 NR 12 Months t-carnitine (500 mg/three Oral TC, TG, HDL
al. (Japan, trial) times per week)
2008) No Placebo
Samimi et al. Parallel (double-blind) Polycystic Ovary F  30/30 255 28.9 12 Weeks 1-carnitine (250 mg/day)  Oral TC, TG, HDL, LDL

(Iran, 2015)

Syndrome

placebo

(Direct)

9GI1L
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Santo et al. (Italy, Parallel (double-blind)

2006)

Shojaei et al.
(Iran, 2011)

Shojaei et al.
(Iran, 2011)

Sohn et al.
(South Korea,
1992)

Solfrizzi et al.
(Italy, 2005)

Steiber et al.
(USA, 2006)

Suchitra et al.
(India, 2011)

Vaux et al. (UK,
2004)

Vesela et al.
(Czech
Republic,
2001)

Weschler et al.
(Israel, 1984)

Yderstraede et
al. (Denmark,
1987)

Parallel (double-blind)

Parallel (double-blind)

Parallel (double-blind)

Parallel (open-label

trial)

Parallel (double-blind)

Parallel (single-blind)

Parallel (double-blind)

Parallel (open-label
trial)

Parallel (double-blind)

Parallel (double-blind)

Type 2 Diabetic Patients
with Peripheral Arterial
Disease

Hemodialysis Patients

Hemodialysis Patients

Hemodialysis Patients

Type 2 Diabetes

Mellitus Patients

Hemodialysis Patients

Hemodialysis Patients

Hemodialysis Patients

Hemodialysis Patients

Hemodialysis Patients

Hemodialysis Patients

MJF 37/37

MJ/F 14/13

MJF 12/13

MJF 15/15

M/F 26/26

MJ/F 15/19

MJ/F 20/15

MJ/F 13/13

M/F 12/12

MJF 6/4

M/F 10/10

61.7

52.8

55.3

46.2

65.4

67.6

50.2

58.8

55.5

50.8

49

34

233

243

NR

29

304

218

NR

NR

NR

NR

12 Months

3 Months

3 Months

2 Months

2 Months

24 Weeks

6 Months

16 Weeks

9 Months

5 Weeks

6 Weeks

Propionyl L-carnitine (2 g/

day) plus Standard diet
with 0/9 g/kg/day

Placebo plus Standard diet

with 0/9 g/kg/day

L-carnitine (1 g/three times
per week) plus coenzyme

Q10 (100 mg/day)
coenzyme Q10 (100 mg/
day)

L-carnitine (1 g/three times

per week)
Placebo

L-carnitine (1—1.5 g/three

times per week)
Placebo

L-carnitine (2 g/day) plus

Simvastatin (20 mg/day)
Simvastatin (20 mg/day)

L-carnitine (20 mg/kg/three

times per week)
Placebo

L-carnitine (1 g/three times

per week)
No Placebo

L-carnitine (20 mg/kg/three

times per week)
Placebo

L-carnitine (15 mg/kg/three

times per week)
No Placebo

L-carnitine (3 g/day)
placebo

L-carnitine (100 umol/L)
No Placebo

Oral

Intravenous

Intravenous

Intravenous

Oral

Intravenous

Intravenous

Intravenous

Intravenous

Oral

Intravenous

TC, TG, HDL, LDL
(Direct)

TC, TG, HDL, LDL
(Direct)

TC, TG, HDL, LDL
(Direct)

TC, TG, HDL, LDL
(Not reported)

TC, TG, HDL, LDL
(Equation)

TG, HDL

TC, TG, HDL, LDL
(Equation)

TC, TG

TC, TG, HDL, LDL
(Equation)

TC, TG, HDL, LDL
(Not reported)
TC, TG, HDL, LDL
(Equation)

spidi| poojg pue auniuIe)
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both genders [34,2,43,44,88,45—47,57,48,58,80,59,49,
60,50,61,62,33,63,51,89,82,78,52,31,84,64,53,85,54,79,65,
55,66,56,67—77]. In addition studies performed in subjects
with different baseline BMI; ten in subjects under 24.9 kg/
m? [2,88,57—59,62,89,66—68], 17 with a BMI between
25 kg/m and 29.9 kg/m2 [34,43,45,80,49—51,82,78,
52,84,90,85,54,79,86,56] and 10 with a BMI over than
30 kg/m? [46—48,32,81,91,83,92,53,55]; whilst 18 did not
report BMI [44,60,61,33,63,87,31,64,65,69—77]. Among
included studies fourteen studies administered L-carnitine
intravenously [57,60,63,31,66,67,69—75,77], but in forty-
one RCTs an oral route of administration was investi-
gated [34,2,43,44,88,45—-48,58,80,59,49,50,32,61,62,81,91,
33,87,51,83,89,82,78,52,84,64,92,90,53,85,54,79,65,86,55,
56,68,76]. Although 2 studies used Acetyl r-carnitine
[43,53], and one study propionyl L-carnitine [55] the ma-
jority of RCTs (52 studies) wused L-carnitine
[34,2,44,88,45—47,57,48,58,80,59,49,60,50,32,61,62,81,91,
33,63,87,51,83,89,82,78,52,31,84,64,92,90,85,54,79,65,86,
66,56,67—77]. All of included studies were in English
except two studies which were in Persian [32,91] and one
in Korean [72].

Outcome measure also depicted in Table 1. Regarding
different methods for assessing LDL-C, it must be noted
that most of included studies used Friedewald method for
calculating LDL-C except six studies which used direct
method [81,87,84,86,55,66]. Although thirteen studies did
not report the exact method of measurement
[68,27,62,64,92,90,53,85,79,72,76].

Results from quality assessments

Random allocation of participants was mentioned in all
included trials. Nevertheless, twenty-two trials described
the method of random sequence generation
[34,2,45—-47,58,83,89,82,78,52,84,64,53,85,54,71,79,86,55,
66,73]. Twenty-four trials reported allocation concealment
[2,43,88,45—47,58,61,62,91,33,63,51,83,89,82,52,84,64,90,
53,85,54,86,56]. Fourteen trials had high risk of bias
regarding blinding of participants and personnel
[44,57,48,59,61,62,87,78,31,92,65,56,67] and two studies
had high risk of bias regarding blinding outcome assessors
[57,30]. Most studies showed low risk of bias based on
incomplete outcome data; nevertheless, 6 studies had
unclear risk of bias [45,57,49,32,92,67]. Twenty-two
studies had low risk of bias regarding selective reporting
[34,2,48,58,68,59,69,61,62,87,84,64,53,71,86,70,72,56,73,
74,76,77]. All of studies had unclear risk of bias regarding
other potential threats to validity. Details of risk of bias
assessment are described in Supplementary Table 1.

Meta-analysis results
Effect of L-carnitine supplementation on total cholesterol
The overall result of our meta-analysis of 56 arms (1506

cases and 1482 control subjects) showed that there was a
significant reduction in TC (WMD -8.53 mg/dL; 95% CI:

—13.46, —3.6, p = 0.001), with considerable heterogeneity
between studies (p < 0.001, P = 93%) (Fig. 1).

To find any source of heterogeneity, we performed
subgroup analyses based on gender (male/female/gender),
baseline BMI (normal/overweight/obese), participants’
health condition (healthy/diabetic/dialysis/having hepatic
disorders/other diseases), dose of L-carnitine (<2/>2 g/d),
study duration (<6/>6 months) and type of intervention
(oral and intravenous). Subgroup analysis based on base-
line BMI could explain between-study heterogeneity. This
also indicated a significant lowering effect of L-carnitine
supplementation on TC in all subgroups except in RCTs
used <2 g/d r-carnitine, intravenous administration or
studies on hemodialysis patients (Table 2).

Effect of L-carnitine supplementation on LDL-cholesterol

The effect of the L-carnitine supplementation on LDL-C was
evaluated in forty-seven arms of clinical trials (1364 cases
and 1361 control subjects) and pooled mean difference
from inverse variance method showed a reduction in LDL-
C of —5.48 mg/dL (95% CI: —8.49, —2.47, p = <0.001) with
considerable between-study heterogeneity (p < 0.001,
P = 94.5) (Fig. 1).

All of above-mentioned subgroup analysis indicated
that gender explained potential between-study heteroge-
neity. L-carnitine supplementation decreased LDL-C in all
subgroups except in RCTs which administered <2 g/d,
those that administered L-carnitine intravenously, RCTs
performed on hemodialysis patients and those that
included patients with BMI of <25 kg/m? (Table 2).

Effect of L-carnitine supplementation on HDL-cholesterol

Overall, 51 arms of included clinical trials (1326 cases and
1321 control subjects) investigated the effect of L-carnitine
supplementation on HDL-C concentration, and pooled ef-
fect size showed a significant increased serum HDL-C
concentration (WMD = 1.64 mg/dL; 95% CI: 0.543, 2.75,
p = 0.003), with between-study heterogeneity (P < 0.001,
P = 92.2) (Fig. 1).

Subgroup analysis revealed that L-carnitine supple-
mentation resulted in a significant increase in HDL-C
concentrations in all subgroups except in RCTs with an
intervention duration of >6 months (Table 2).

Effect of L-carnitine supplementation on triglyceride

Fifty-six arms of RCTs (1513 cases and 1491 control sub-
jects) reported the effect of L-carnitine supplementation
on TG concentrations, and combining effect sizes from
these studies revealed a significant reduction in TG
(WMD = -9.44 mg/dL; 95% CI: —16.23, —2.87, p = 0.005),
with a significant between-study heterogeneity (p < 0.001,
P = 91.8) (Fig. 1). To find the probable source of hetero-
geneity, subgroup analysis was conducted. Dividing RCTs
based on gender subgroups could explain between study
heterogeneity. Which was accounted for in those RCTs that
administered <2 g/d 1-carnitine, or for longer than 6
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Figure 1 Forest plot presenting mean difference (MD) and 95% confidence intervals for the impact of L-carnitine supplementation on a) TC (mg/dl),

b) LDL-C (mg/dl), ¢) HDL-C (mg/dl) and d) TG (mg/dl).

months, as well as studies that included individuals with
baseline BMI of <25 kg/m?, those that used intravenous L-
carnitine and studies with patients under hemodialysis
and those with diabetes and dyslipidemia (Table 2).

Furthermore, subgroup analysis was performed based
on combination of L-carnitine with other factors (exercise,
drugs etc.) as part of the protocol or when prescribed
alone. Although intervention group receive the same
intervention compared with control group plus L-carnitine
supplementation, but this subgroup was performed to find
possible synergistic effect of L-carnitine with other lifestyle
modifications. As shown in Table 2, all lipid profiles except
TG remained significant in both subgroups.

Sensitivity analysis

Sensitivity analysis for TC showed that the overall esti-
mates were influenced by elimination of studies con-
ducted by Mitwalli et al. [31] (—7.68 mg/dl, 95%CI: —12.6,
—2.77), Pistone et al. [85] (—7.48 mg/dl, 95%Cl: —10.89,
—4.07), Vaux et al. [74] (—9.06 mg/dl, 95%CI: —14.01, —4.1)
and Malaguarnera (2010) [82] (-7.77 mg/dl, 95%CI:
—12.66, —2.89); although remained statistically significant.
Exclusion of studies carried-out by Malaguarnera et al.
(2010) [82] (—4.57 mg/dl, 95% CI: —7.53, —1.62), Pistone

et al. [85] (—4.63 mg/dl, 95%Cl: —7.01, —2.26), and Elsheikh
et al. [48] (—4.81 mg/dl, 95% CI: —7.81, —1.81) changed the
overall effect size for LDL-C. In addition, the results of
sensitivity analysis for HDL-C showed that removing the
Elsheikh et al., [48] study, changed the overall effect size
(1.18 mg/dl 95%CI: 0.35, 2.02). Finally exclusion of Galvano
et al. [49] and Suchitra et al. [67] studies changed the
overall effect size for TG as well (-7.82 mg/dl (—13.81,
—1.83) and —10.37 mg/dl (—16.54, —4.2) respectively).

Publication bias

There was no evidence of publication bias for studies
examining the effect of L-carnitine supplementation on HDL-
C (p = 0.839, Begg’s test), LDL-C (p = 0.404, Begg’s test),
TC (p = 0.553, Begg’s test) and TG (p = 0.767, Begg’s test).

Non-linear dose-responses between dose and duration of
L-carnitine supplementation and lipid profile
components

Dose-response  analysis showed that L-carnitine
supplementation changed TC significantly based on dose
(r = 21.11, P-nonlinearity = 0.036) in non-linear fashion. At



1160 M. Askarpour et al.

Table 2 Subgroup analysis to assess the effect of carnitine supplementation on lipid profile.

Subgrouped by No. of trials WMD (95% CI) P Value P for 12 (%) P for between
heterogeneity subgroup
heterogeneity

Total Cholesterol

Total 56 —8533 13465 -3.601 0.001 <0.001 93

Gender 0.654
Male 5 —8.198 —13.648 -2.748 0.003 0.331 13
Female 5 -7.454 —-13.036 -1.872 0.009 0.046 58.7
Both 46 -9.717 -10950 -8.485 <0.001 <0.001 93

Baseline BMI <0.001
<25 kg/m2 10 -4321 -6.856 -1.786 0.001 0.001 84.1
25—30 kg/m2 18 —25.500 -27.796 -23.203 <0.001 <0.001 95.2
>30 kg/m2 11 -9.266 -11.626 —-6.906 <0.001 0.106 36.6

Dosage <0.001
<2g 28 -1.146 -2.774 0.483 0.168 <0.001 80.7
>2g 27 -18.710 -20410 -17.009 <0.001 <0.001 94

Intervention Duration (Weeks) 0.114
<6 months 48 -10.028 -11.347 -8.709 <0.001 <0.001 939
> 6 months 8 -7.687 —-10277 -5.096 <0.001 0.026 56

Type of Study Population <0.001
Healthy 9 —34.072 -36.976 -31.168 <0.001 <0.001 95.3
Hemodialysis 22 -0976 —-2.697 0.745 0.266 <0.001 82.9
Diabetes and Dyslipidemia 17 —-8.067 -10.241 -5.893 <0.001 <0.001 68
Hepatic Disorders 3 —28.632 —35.039 -—-22.225 <0.001 0.001 86.6
Miscellaneous 5 -4311 -9.925 1.303 0.132 <0.001 81.9

Type of Intervention <0.001
Oral 42 —13.572 —-14995 -12.150 <0.001 <0.001 92.9
Intravenous 14 -0.884 -2.971 1.202 0.406 <0.001 88.8

Type of Supplementation 0.920
Alone 40 -9.507 -10906 -8.109 <0.001 <0.001 94.8
Combined with Other 16 -9639 -11.808 -7.470 <0.001 0.001 59.8

Lifestyle Modification
Low Density Lipoprotein

Total 47 —5485 -8493 -2477 <0.001 <0.001 94.5

Gender 0.003
Male 5 -9.078 -13.701 -4455 <0.001 0.602 0
Female 5 -10.958 -16.657 -5.259 <0.001 0.104 479
Both 37 -3.567 —-4.106 —3.027 <0.001 <0.001 95.5

Baseline BMI <0.001
<25 kg/m2 9 0.654 -1.233 2.542 0.497 0.001 70.8
25-30 kg/m2 16 -15.237 —-17.045 -13.429 <0.001 <0.001 95.9
>30 kg/m2 11 -5673 -6460 -4.885 <0.001 <0.001 91.2

Dosage <0.001
<2g 23 0.311 -0474 1.096 0.437 <0.001 721
>2g 23 -7.154 -7.882 -6427 <0.001 <0.001 96.1

Intervention Duration (Weeks) <0.001
<6 months 40 -2518 -3.239 -1.797 <0.001 <0.001 94.6
>6 months 7 -5.142 5935 -4.349 <0.001 <0.001 924

Type of Study Population <0.001
Healthy 7 —27.102 —29.580 -24.623 <0.001 <0.001 92.1
Hemodialysis 18 0.522 -0.273 1317 0.198 <0.001 70.5
Diabetes and Dyslipidemia 14 -5.073 -5.839 —-4306 <0.001 <0.001 91.9
Hepatic Disorders 3 -17.903 -23.579 -12.227 <0.001 <0.001 95.2
Miscellaneous 5 -6.755 -12.134 -1.376 0.014 0.159 39.3

Type of Intervention <0.001
Oral 37 -6.212 -6.898 -5.526 <0.001 <0.001 94.6
Intravenous 10 0.138 -0.711 0.987 0.75 <0.001 77.7

Type of Supplementation <0.001
Alone 32 -2.061 -2.802 -1.320 <0.001 <0.001 95.4
Combined with Other 15 -5472 -6.241 -4.703 <0.001 <0.001 87.7

Lifestyle Modification
High Density Lipoprotein

Total 51 1.648 0.543 2.752 0.003 <0.001 92.2

Gender <0.001
Male 5 2.320 0.944 3.695 0.001 0.007 71.6
Female 5 4.820 3.398 6.243 <0.001 <0.001 88.6

Both 41 1.118 0.845 1.391 <0.001 <0.001 92.9
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Table 2 (continued )

Subgrouped by No. of trials WMD (95% CI) P Value P for 12 (%) P for between
heterogeneity subgroup
heterogeneity

Baseline BMI <0.001
<25 kg/m2 9 1.279 0.662 1.896 <0.001 <0.001 72
25—30 kg/m2 17 1.247 0.772 1.723 <0.001 <0.001 904
>30 kg/m2 12 2.141 1.622 2.661 <0.001 <0.001 97.3

Dosage 0.010
<2g 23 0.884 0.506 1.262 <0.001 <0.001 81.3
>2g 27 1.661 1.293 2.029 <0.001 <0.001 94.9

Intervention Duration (Weeks) 0.001
<6 months 45 1.476 1.192 1.761 <0.001 <0.001 92.9
> 6 months 6 0.190 -0.499 0.880 0.588 0.073 50.4

Type of Study Population <0.001
Healthy 9 5377 4.479 6.275 <0.001 <0.001 73.8
Hemodialysis 18 0.657 0.260 1.054 0.001 <0.001 66
Diabetes and Dyslipidemia 16 0.984 0.575 1.392 <0.001 <0.001 96.5
Hepatic Disorders 3 3.127 1.796 4.459 <0.001 <0.001 87.9
Miscellaneous 5 0.371 -1.467 2.209 0.692 0.040 60.1

Type of Intervention 0.004
Oral 40 1.573 1.246 1.900 <0.001 <0.001 93.5
Intravenous 11 0.767 0.324 1.211 0.001 <0.001 68.5

Type of Supplementation 0.111
Alone 35 1.148 0.832 1.463 <0.001 <0.001 84
Combined with Other Lifestyle Modification 16 1.613 1.135 2.090 <0.001 <0.001 96.5

Triglyceride

Total 56 —9.447 -16.023 -2.872 0.005 <0.001 91.8

Gender 0.005
Male 5 —16.415 —-38.216 5.386 0.140 0.040 60.0
Female 5 —-11.496 -20.532 -2460 0.013 0.310 16.5
Both 46 -8.329 -15.852 -0.805 0.030 <0.001 93

Baseline BMI <0.001
<25 kg/m2 11 0.333 -17.001 17.667 0.970 <0.001 93.5
25—30 kg/m2 17 —18.759 —34.347 -3.170 0.018 <0.001 92.8
>30 kg/m2 12 -9350 -17.653 -1.048 0.027 <0.001 89.9

Dosage <0.001
<2g 29 -7.306 —17.572 2.961 0.163 <0.001 88.1
>2g 26 -12.475 -21.315 -3.636 0.006 <0.001 93.2

Intervention Duration (Weeks) <0.001
<6 months 48 -10.104 -18.863 -1.345 0.024 <0.001 924
> 6 months 8 -5.869 —-14.928 3.190 0.204 <0.001 84.5

Type of Study Population <0.001
Healthy 9 —16.273 —-25.463 -7.083 0.001 0.005 63.5
Hemodialysis 23 —-3.127 -15.403 9.150 0.618 <0.001 89.3
Diabetes and Dyslipidemia 16 -9.186 —-21.378 3.007 0.140 <0.001 95.1
Hepatic Disorders 3 —34.028 —47.219 -20.837 <0.001 0.981 52.9
Miscellaneous 5 —-4903 -18413 8.606 0.477 0.075 0

Type of Intervention <0.001
Oral 42 —-11.412 -18.111 -4.713 0.001 <0.001 90.3
Intravenous 14 -1.712 -17.079 13.654 0.827 <0.001 84.8

Type of Supplementation 0.000
Alone 40 -7433 -16.366 1.500 <0.001 0.103 88.8
Combined with Other Lifestyle Modification 16 —13.836 —24.941 -2.731 <0.001 0.015 95

higher doses a decreased trend for TC was found. Further-
more, the dose of L-carnitine affected LDL-C (r = 18.87, P-
nonlinearity = 0.057) and HDL-C based on study duration
(r = —0.252, P-nonlinearity = 0.052) in a non-linear
fashion. Significant associations were not observed for
other outcomes in non-linear dose-responses (Fig. 2).

Meta-regression analysis

Meta-regression using the random-effects model was un-
dertaken to investigate the potential association between a

decrease in lipid profile risk and dose of L-carnitine (mg/
day). Meta-regression analysis indicated a linear relation-
ship between dose absolute changes in TC (p = 0.029) and
LDL-C (p = 0.013) (Fig. 3), but not for TG (p = 0.868) or
HDL-C (p = 0.910) (Table 3).

Discussion

We found that r-carnitine supplementation resulted in a
clear improvement in lipid profile with reduced TC, LDL-C
and TG, whereas HDL-C was raised. In terms of dose-
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response analyses, this was apparent for reduced TC, but
no other components of the measured lipid profile.
Although previous four meta-analyses had reported the
effect of L-carnitine supplementation on lipid profile, they

had mainly focused on patients with chronic kidney dis-
ease and diabetes [93,94,26,95]. Therefore, current meta-
analysis is the first study summarizing publications on
the effect of L-carnitine supplementation on lipid profile in
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Table 3 Findings from meta-regression on the effects of carnitine
supplementation on lipid profile by considering dose of carnitine.

Effect Beta 95% CI I? residual P-value
sz (1) Lower CI Upper CI
TC 56 —-0.005 -0.009 -0.005 89.05 0.029*
LDL 47 -0.005 -0.009 -0.001 90.06 0.013*
HDL 51 0.0001 -0.0014 0.0016 92.21 0.868
TG 56 —0.0005 -0.01 0.009 90.27 0.910

either both healthy and unhealthy individuals. According
to subgroup analysis L-carnitine supplementation when
administered alone or combined with other lifestyle or
drug administration lead to significant lowering effect on
TC, TG and LDL-C and increasing effect on HDL-C.

Hyperlipidemia is a known feature for several meta-
bolic diseases including metabolic syndrome, diabetes and
CVD [96,97], for which several therapeutic strategies have
been designed [98,9,8,13,7], with different chemical com-
ponents like nutraceuticals and fibers. L-carnitine through
its role in fatty acid beta-oxidation [99] which can reduce
VLDL synthesis by increasing beta-oxidation and increased
production of hepatic fatty acid binding proteins [28,29]
may act as an adjuvant agent in the improvement of dys-
lipidemia. In the current meta-analysis, L-carnitine sup-
plementation reduced serum concentrations of TC and
LDL-C, in agreement with the previous meta-analysis in
which reported beneficial effects of r-carnitine only in
patients with diabetes [26]. As seen in our subgroup
analysis, L-carnitine supplementation had beneficial effects
for patients with diabetes/dyslipidemia.

In the current meta-analysis, we found a significant
increase in HDL-C concentration following L-carnitine
supplementation in all subgroups of health conditions.
This is in accordance with previous meta-analysis which
showed beneficial effect of oral L-carnitine supplementa-
tion on apolipoprotein-Al, the main apo-lipoprotein for
HDL-C [26]. L-carnitine supplementation also lowered TG
concentrations in both healthy individuals and those with
hepatic disorders, but not in patients with diabetes/dysli-
pidemia and hemodialysis patients. Furthermore, pooled
effect size from the present study showed L-carnitine did
not affect TG concentrations in diabetic patients and pa-
tients under hemodialysis, as shown by Vidal-Casariego
et al. [26]. Therefore, it seems that the effect of i-carni-
tine on TG depends on health condition of individuals.
Moreover, as L-carnitine uptake by liver and muscle is
controlled by insulin and glucagon through cellular
transport processes [100,101] disrupted action of insulin in
diabetes and diabetic hemodialysis patients could explain
the lack of effect of L-carnitine supplementation.

We found a disparity in findings obtained from oral and
intravenous supplementation of L-carnitine on lipid pro-
file. One may conclude that L-carnitine dosage contributed
for these different findings. As in most studies using oral
supplements, participants received >2 g/d L-carnitine,
while individuals with intravenous interventions received
<2 g/d 1-carnitine. Of course, subgroup analysis in present

study showed that supplementation with >2 g/d L-carni-
tine was more effective than <2 g/d 1-carnitine on lipid
profiles. But it must be noted that absorption from oral 1-
carnitine supplements is substantially low; bioavailability
of L-carnitine from oral supplements (500—6000 mg
dosage) ranges from 14% to 18% of the total dose [102].
Nevertheless Sanchez-Nifio et al. [103] raised a question
for different effects of oral and intravenous L-carnitine on
serum lipids: is the microbiota the answer? [103] Recent
studies highlighted oral L-carnitine processing by gut
microbiota to different metabolites which can influence L-
carnitine absorption. In addition, suppression of intestinal
resulted in higher circulating r-carnitine following oral
supplementation [103]. The differential effect of oral
versus intravenous L-carnitine supplementation may be
related to gut microbiota; either higher final L-carnitine
levels or reduced production of different metabolites.

Furthermore, in present study an intravenous form was
only administered to hemodialysis patients. L-carnitine
was ineffective on TC, LDL-C and TG in hemodialysis pa-
tients. Previous meta-analyses investigated both oral and
intravenous L-carnitine supplementation in hemodialysis
patients; there was no significant effect of L-carnitine
supplementation on serum TC, HDL-C, VLDL-C and TG
[94,93,95]; but showed significant lowering effect on LDL-
C [94,93]. However, unlike our study, no significant effect
of L-carnitine supplementation on HDL-C concentrations
were found in previous meta-analysis [94,93]. This
discrepancy between meta-analyses could be due to
different number of published studies. In addition, differ-
ences in time of supplement administration between oral
(daily) and intravenous (weekly) routes could explain the
disparity. Although both intravenous and oral L-carnitine
are approved in hemodialysis patients [104] but routine L-
carnitine supplementation is not recommended by clinical
guidelines in these patients [105—107].

Findings from meta-regression analysis also revealed
that higher doses of L-carnitine had a greater lowering
effect on LDL-C and TC, but not when administered at
<2 g/d. Due to lack of included studies, 1-carnitine did not
show significant effect on TG and HDL-C when adminis-
tered more than 6 months. Therefore, large scale dose-
escalating trials are now needed before any firm conclu-
sion could be drawn regrading intervention duration.

Some mechanisms have been reported for the benefi-
cial effect of carnitine on lipid profile. Carnitine is involved
in the mitochondrial transport of free fatty acid (FFA) and
reduces FFA availability for triglycerides synthesis [108,94].
Carnitine enhances mitochondrial oxidation of long chain-
FA, for which excess accumulation adversely affects insulin
signaling and induces insulin resistance in muscle and
heart [26,109], a well-known cause of hyperlipidemia
[110]. Carnitine also stimulates the production of
apolipoprotein-A1, the main apo-lipoprotein for HDL-C
[26,111].

The strengths of our study is that we considered all
published clinical trials conducted on the effect of L-
carnitine supplementation on lipid profile. In addition, we
considered all RCTs which were done on individuals with
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different health conditions. However, some limitations
should be considered, such as the different methods used
for measuring lipid profile, considering lipid profile as a
secondary outcome variable in a number of studies. Also
the lack of controlling for baseline measures in some
studies and different study designs should be taken into
account.

Implications for practice

The evidence from this meta-analysis suggests that giving
L-carnitine supplements to healthy and unhealthy subjects
may have beneficial effects on the lipid profile.

Implications for research

Given that the currently available randomized trial data are
heterogeneous, future large, long duration, high-quality
trials should be designed to ensure low risk of bias and to
meet current reporting standards for clinical trials. Daily
dosing regimen ideally should be tailored to the individual
to improve the evidence in this field. Several factors which
can affect results, such as different dietary compliance, life
style, absorption efficiency, production process, and
geographical origin, also need to be considered. Another
important point is that the maintenance beneficial effects of
short and long-term and low and high-doses of L-carnitine
to achieve improved lipid profile would be helpful.

Conclusion

L-carnitine supplementation, particularly in the form of oral
supplements, had a beneficial effect on lipid profile.
Moreover, this supplement was more effective in dose of
>2 g/d L-carnitine. Additional well-designed RCTs recruit-
ing a homogenous group of participants with a long period
of intervention are required to further examine this subject.
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