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ABSTRACT

Background: A previous meta-analysis indicated that L-carnitine
significantly increased hemoglobin and decreased the required
erythropoietin dose in maintenance hemodialysis patients.
Objective: An updated systematic review and meta-analysis of ran-
domized controlled trials (RCTs) was performed to reevaluate ef-
fects of L-carnitine.

Design: The Cochrane Library, PubMed, and EMBASE databases
(31 December 2012) were searched to identify RCTs that investi-
gated effects of L-carnitine in adults with end-stage kidney disease
that required maintenance hemodialysis.

Results: Forty-nine RCTs (1734 participants) were included.
L-Carnitine significantly decreased serum low-density lipoprotein
(LDL) (mean difference: —5.82 mg/dL; 95% CI: —11.61, —0.04
mg/dL) and C-reactive protein (CRP) (—3.65 mg/L; —6.19, —1.12
mg/L). There were no significant differences in triglycerides (—0.89
mg/dL; —29.32, 27.53 mg/dL), cholesterol (0.14 mg/dL; —6.15, 6.42
mg/dL), high-density lipoprotein (1.13 mg/dL; —2.44, 4.70 mg/dL),
hemoglobin (0.68 g/dL; 0.14, 1.50 g/dL), hematocrit (2.04%; —1.39,
5.48%), albumin (1.65 g/L; —0.22, 3.51 g/L), or the required eryth-
ropoietin dose (—0.76 KU/wk; —1.75, 0.23 KU/wk). No adverse
effects were reported.

Conclusions: This meta-analysis failed to confirm the previous
findings regarding the effects of L-carnitine on hemoglobin and
the erythropoietin dose but showed that L-carnitine significantly de-
creased serum LDL and CRP. The extent of the decrease in LDL was
not clinically relevant, whereas the significant decrease in CRP was
both statistically and clinically relevant. However, the relevance of de-
crease in CRP with hard endpoints such as all-cause mortality and
cardiovascular complications still remains to be clarified. Am J
Clin Nutr 2014;99:408-22.

INTRODUCTION

L-Carnitine is critical for the transportation of long-chain fatty
acids across the inner mitochondrial membrane for subsequent 3
oxidation and energy production (1-3). Patients with end-stage
kidney disease (ESKD)’ who are undergoing maintenance he-
modialysis usually suffer from progressive L-carnitine deficiencys;
loss via dialysis is the main cause (4, 5). Abnormalities in car-
nitine homeostasis may have profound biochemical effects on
serum lipid, red blood cells, cardiac muscle, and skeletal muscle
(6). Dialysis-related carnitine deficiency can be corrected with
exogenous supplementation (6, 7).
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In 2003, the National Kidney Foundation developed a practice
recommendation for the use of L-carnitine in dialysis-related
carnitine disorders, most notably erythropoietin-resistant ane-
mia, intradialytic hypotension, cardiomyopathy, and fatigability
(6). However, in 2006, the updated National Kidney Foundation
Kidney Disease Outcomes Quality Initiative Clinical Practice
Recommendations stated that “there was insufficient evidence to
recommend the use of L-carnitine in the management of anemia
in patients with hemodialysis and chronic kidney disease” (8).
After the US Food and Drug Administration approved the use of
L-carnitine in hemodialysis in 1999, the US Centers for Medi-
care & Medicaid Services approved national reimbursement for
the intravenous and oral administration of L-carnitine for ESKD
patients in 2004 and 2012, respectively (6, 9).

A large number of mostly observational studies have shown the
efficacy of L-carnitine supplementation in treating hemodialysis-
related clinical disorders in ESKD patients (10-19); however,
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numerous randomized controlled trials (RCTs) have also been
published with negative results (2, 20-41). A meta-analysis
published in 2002 summarized the effect of L-carnitine in
maintenance hemodialysis patients (42). A total of 18 RCTs
enrolling 482 patients were identified from 1978 to 1999. L-
Carnitine treatment significantly increased hemoglobin and de-
creased the required erythropoietin dose. However, no favorable
effect of L-carnitine was observed on serum triglycerides, cho-
lesterol, HDL, or LDL (42). In 2008, another meta-analysis (7
RCTs that enrolled 193 patients) failed to show any beneficial
effect of L-carnitine supplementation on dialysis-related muscle
cramping or intradialytic hypotension (1). A total of 21 new
RCTs, which were not included in the 2 previous meta-analyses,
continued to report inconsistent results regarding the benefit of
L-carnitine treatment on previously reported and some new
clinical markers (12, 13, 15, 17, 18, 24-27, 29, 30, 43-56).
Inflammation is highly prevalent, and serum C-reactive protein
(CRP) is a potent risk marker of all-cause and cardiovascular
mortality in hemodialysis patients (57-61). It has been reported
that L-carnitine could suppress chronic inflammation through
a reduction of serum CRP in hemodialysis patients (12, 17, 43,
45). Therefore, it was important to review the accumulated ev-
idence with the aim of providing an up-to-date assessment of the
effect of L-carnitine supplementation in adults with ESKD who
were undergoing maintenance hemodialysis.

METHODS

Data sources and search strategy

We performed this systematic review and meta-analysis ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement and Cochrane guideline (62, 63). We
searched the Cochrane Central Register of Controlled Trials (issue
12; 31 December 2012; http://onlinelibrary.wiley.com/cochraneli-
brary/search), PubMed (1966 to 31 December 2012; http://www.
ncbi.nlm.nih.gov/pubmed), and EMBASE databases (1988 to 31
December 2012; http://www.embase.com/home) to identify RCTs
that evaluated effects of L-carnitine supplementation for adult pa-
tients with ESKD requiring maintenance hemodialysis (see Sup-
plementary Table 1 under “Supplemental data” in the online issue).
Reference lists from identified trials and review articles were
manually scanned to identify any other relevant studies. Articles
were not restricted according to language. Both parallel and
crossover RCTs were included in this systematic review; however,
because the carryover could have caused a problem or bias, only
parallel RCTs and the first period of crossover RCTs were quan-
titatively summarized in the meta-analysis to eliminate a potential
carryover effect in crossover RCTs (63). RCTs that compared
L-carnitine supplementation (including acetyl-L-carnitine and
propionyl-L-carnitine) with placebo or no treatment were included,
whereas RCTs that compared different doses, routes, or durations
of L-carnitine supplementation were excluded. RCTs were ex-
cluded if the duration of L-carnitine supplementation was <2 wk.

Prespecified outcomes

Primary outcomes were serum lipid profiles (triglycerides,
cholesterol, HDL, and LDL), anemia-related markers (hemo-
globin, hematocrit, and the required erythropoietin dose), and
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inflammation and nutrition status markers (serum CRP and
albumin). Secondary outcomes were myocardial and vascular
function, skin and skeletal muscle function, platelet and co-
agulation function, quality of life, and adverse effects of L-carnitine
supplementation.

Study selection and data extraction

Titles and abstracts, and full texts if necessary, were screened
by 2 authors (YC and ZG). Study selection, data extraction,
quality assessment, and data synthesis were independently per-
formed by the same 2 authors by using a standardized approach.
Disagreements were resolved by consulting a third author (XC).
Publication reports were obtained for each trial, and standard
information was separately extracted into a spreadsheet. Extracted
data included patient baseline characteristics (country, age, sex,
duration of dialysis, and plasma free carnitine concentration),
treatment routes, doses, and durations, prespecified outcomes,
the study design, and methodologic characteristics.

Quality assessment

The Cochrane-recommended method was used to assess
the quality of studies. Six different domains, including a random
sequence generation (selection bias), allocation concealment (se-
lection bias), blinding of patients (performance bias), clinicians, and
outcome assessors (performance and detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias), and
any other potential bias, were judged as low risk of bias, high risk of
bias, or unclear risk of bias (63).

Data synthesis and analysis

Continuous outcomes were expressed as the mean difference
(MD) and 95% CI or the standardized mean difference (SMD)
and 95% CI if different scales were used. Dichotomous outcomes
were expressed as the RR and 95% CI. Heterogeneity was
explored by using Cochran’s Q test and the I* statistic (63). The
I? statistic was generated by using the formula

[(Q — df)+ Q] X 100% (1)

where Q is Cochran’s Q, which has a chi-square distribution with .-
1 df where k is the number of studies included in the meta-analysis
(63). I* statistics <25%, 25-49%, 50-75%, and >75% were in-
terpreted to indicate low, medium, high, and very high levels of
heterogeneity, respectively. If /> was <25%, the fixed-effect model
was used, and the estimate of the common treatment effect was
provided. Otherwise, the random-effects model was used, and the
estimate of the average treatment effect was provided (64, 65). A
fixed-effect meta-analysis model assumes that all studies estimate
the same (common) treatment effect, and there is no between-study
heterogeneity in the true treatment effect (65). In contrast, a random-
effects meta-analysis model assumes that the observed estimates can
vary across studies because of sampling variability (chance) as well
as real differences in the treatment effect (heterogeneity). Hetero-
geneity might be caused by differences in study populations (such
as the ethnicity of the patients), interventions (such as the duration,
route, and dose of a drug), and other factors (65). To explore po-
tential sources of heterogeneity, preplanned subgroup analyses were
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performed to evaluate whether results were different by the ethnicity
of the patients (whites or nonwhites), duration of L-carnitine treat-
ment (<6 or =6 mo), and route of L-carnitine treatment (in-
travenous or oral). The preplanned sensitivity analysis, with the
exclusion of trials that had high risk of bias in the random se-
quence generation and concealment, used a crossover design, or
only existed in abstract form, was performed to evaluate whether
results were different by the quality of trials. Small-study effects
were explored by using the Harbord’s modified tests and cor-
responding Galbraith modified plots (66). Review Manager
(version 5.1; The Cochrane Collaboration) and STATA (version
11.2; StataCorp LP) software were used.

CHEN ET AL

RESULTS

Literature search results and trial characteristics

We identified 1164 publications, of which 1010 publications were
excluded after we screened titles and abstracts (31 December 2012).
An additional full-text assessment excluded 105 publications because
they were unrelated publications, reviews, basic studies, observa-
tional studies, or clinical trials that failed to fulfill the inclusion
criteria. A total of 49 trials that enrolled 1734 patients were included
in the systematic review. Thirty-one of the identified 49 trials (29
parallel RCTs and 2 crossover RCTs) that enrolled 1255 patients
were included in the meta-analysis, whereas the remaining 18 trials (9
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FIGURE 1. PRISMA study selection flowchart. Cochrane: http://onlinelibrary.wiley.com/cochranelibrary/search; PubMed: http://www.ncbi.nlm.nih.gov/
pubmed; EMBASE: http://www.embase.com/home. Cochrane, Cochrane Central Register of Controlled Trials; PRISMA, Preferred Reporting Items for

Systematic Reviews and Meta-Analyses.
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parallel RCTs and 9 crossover RCTs) that enrolled 479 patients were
excluded from the meta-analysis because of a lack of quantitatively
combinable data (Figure 1). Whites were investigated in 35 trials,
and other ethnicities were investigated in 14 trials (see Supple-
mentary Table 2 under “Supplemental data” in the online issue).
The duration of L-carnitine supplementation was <6 mo in 32 trials
and =6 mo in 17 trials. L-Carnitine was intravenously administered
in 37 trials and orally administered in 12 trials. A parallel design
was used in 38 trials, and a crossover design was used in 11 trials.
Forty-two trials were published in English, and 7 trials were pub-
lished in a non-English language, including 4 trials in Italian (10,
67—69), one trial in Spanish (27), one trial in Arabic (15), and one
trial in Korean (70). Full texts were retrieved for 46 trials, and
abstracts were retrieved for 3 trials (56, 71-73). All 3 abstracts
fulfilled the inclusion and exclusion criteria for the study selection
and reported at least one prespecified primary or secondary out-
come (56, 71-73). Because of the insufficient information of study
characteristics, these 3 studies were judged to have a potential bias.
The potential bias was explored by the preplanned sensitivity
analysis.

The quality of studies was variable (Figures 2 and 3). Fourteen
trials (29%) specified appropriate methods of random sequence
generation. Only 3 trials (6%) reported appropriate allocation
concealment methods. Forty-one trials (84%) declared the use of
double blinding. Thirty-four trials (69%) were considered to have
low risk of bias on the issue of incomplete outcome data. Data on
serum lipid profiles, anemia-related markers, and inflammation
and nutrition markers were available for a quantitative meta-
analysis in 20 trials (41%), 18 trials (37%), and 13 trials (27%),
respectively. Data on skin and skeletal muscle function, myo-
cardial and vascular function, platelet and coagulation function,
and quality of life were only available for qualitative description
in 21 trials (43%), 12 trials (24%), 4 trials (8%), and 10 trials
(20%), respectively. Twenty-two trials (45%) reported that there
were no adverse effects of L-carnitine supplementation.

Random sequence generation {selection hias)

Allocation concealment (selection bias)

Blinding of participants (performance hias)

Blinding of personnel (performance and detection hias)
Incomplete outcome data (attrition bias)

Selective reporting-Serum lipid profile (reporting bias)
Selective reporting-Anemia related outcomes (reporting bias)
Selective reporting-CRP and albumin (reporting bias)
Selective reporting-Skinfmuscle function {reporting hias)
Selective reporting-Cardiovascular system (reporting bias)
Selective reporting-Platelet and coagulation function (reporting hias)
Selective reporting-Quality of life {reparting bias)

Selective reponting-Adverse effects (reporting bias)

Other bias

Effects of L-carnitine on serum lipid profiles

Overall, there were no significant differences in serum tri-
glycerides (19 trials with 601 patients; MD: —0.89 mg/dL; 95%
CI: —29.32, 27.53 mg/dL; P = 0.95, P =90%, P-heterogeneity <
0.00001) (Figure 4A), cholesterol (19 trials with 603 patients;
MD: 0.14 mg/dL; 95% CI: —6.15, 6.42 mg/dL; P = 0.97, I* =
31%, P-heterogeneity = 0.09) (Figure 4B), or HDL (14 trials with
460 patients; MD: 1.13 mg/dL; 95% CI: —2.44, 4.70 mg/dL; P =
0.53, I = 89%, P-heterogeneity < 0.00001) (Figure 5A). How-
ever, L-carnitine significantly decreased serum LDL (11 trials with
402 patients; MD: —5.82 mg/dL; 95% CI: —11.61, —0.04 mg/
dL; P = 0.05, P = 44%, P-heterogeneity = 0.05) (Figure 5B).
Sensitivity analyses suggested that low-quality or unpublished
results could not substantially modify estimates for serum lipid
profiles (Figures 4 and 5). Subgroup analyses indicated signifi-
cantly different magnitudes for effects on decreasing cholesterol
according to the ethnicity of the patients. The effect was greater in
nonwhites than whites [MD: —7.07 mg/dL (95% CI: —15.90,
1.77 mg/dL) compared with 8.07 mg/dL (95% CI: 1.61, 14.53
mg/dL); subgroup difference: I = 86.4%, P = 0.007] (Table 1).

Effects of L-carnitine on anemia-related markers

Overall, there were no significant differences in hemoglobin
(14 trials with 693 patients; MD: 0.68 g/dL; 95% CI: —0.14,
1.50 g/dL; P = 0.11, P = 95%, P-heterogeneity < 0.00001)
(Figure 6A), hematocrit (9 trials with 406 patients; MD: 2.04%;
95% CI. —1.39, 5.48%; P = 0.24, P = 95%, P-heterogeneity
< 0.00001) (Figure 6B), or the required erythropoietin dose
(8 trials with 319 patients; MD: —0.76 KU/wk; 95% CI: —1.75,
0.23 KU/wk; P = 0.13, I’ = 44%, P-heterogeneity = 0.09)
(Figure 6C). Sensitivity analyses suggested that low-quality or
unpublished results could not substantially modify estimates for
anemia-related markers (Figure 6). Subgroup analyses showed
significantly different effects with higher hematocrit via oral
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FIGURE 2. Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.



412 CHEN ET AL

tive reporting-Serum lipid profile (reporting bias)

live reporting-Anemia related outcomes (reporting bias)

ive reporting-CRP and alburmin (reporting bias)

iive reporting-Skinimuscle function (reporting bias)

tive reporting-Cardiovascular system (reporting bias)

iive reporting-Platelet and coagulation function (reporting bias)
ive reporting-Quality of life (reporting bias)

iive reporting-Adverse effects (reporling bias)
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FIGURE 3. Risk of bias summary: review authors’ judgments about each
risk of bias item for each included study. *Trials that had high risk of bias in
the random sequence generation and concealment, used a crossover design,
or only existed in abstract form.

than via intravenous administration [MD: 15.54% (95 % CI.
13.31, 17.77%) compared with 0.85% (—1.62, 3.32%); subgroup
difference: I* = 98.7%, P < 0.00001) (Table 1). It should be noted

that only one trial evaluated the effect of the oral administration of
L-carnitine on hematocrit (19).

Effects of L-carnitine on inflammation and nutrition
markers

Overall, L-carnitine significantly decreased serum CRP (8 trials
with 366 patients; MD: —3.65 mg/L; 95% CL: —6.19, —1.12
mg/L; P =0.005, P =82%, P-heterogeneity < 0.00001) (Figure
7A). In contrast, there was no significant difference in serum al-
bumin (11 trials with 466 patients; MD: 1.65 g/L; 95 % CI:
—0.22,3.51 g/L; P =0.08, P= 80%, P-heterogeneity < 0.00001)
(Figure 7B). Sensitivity analyses suggested that low-quality or
unpublished results could not substantially modify estimates for
serum CRP and albumin (Figure 7). Subgroup analyses failed to
show significantly different magnitudes for effects on CRP and
albumin according to the ethnicity of the patients and duration
and route of L-carnitine treatment (Table 1).

Effects of L-carnitine on secondary outcomes

Secondary outcomes, including myocardial and vascular
function, skin and skeletal muscle function, platelet and co-
agulation function, and quality of life, were qualitatively
summarized because most of these trials used heterogeneous
outcome measurements (see Supplementary Table 3 under
“Supplemental data” in the online issue). Some outcomes
were also quantitatively summarized. Three of 7 trials that
reported combinable categorical data showed that L-carnitine
could not significantly decrease the percentage of patients
who experienced intradialytic hypotension symptoms at the
end of treatment (3 trials with 128 patients; RR: 0.76; 95%
CI: 0.34, 1.69; P = 0.50, I* = 0%, P-heterogeneity = 0.83) (see
Supplementary Figure 1 under “Supplemental data” in the
online issue). Two of 7 trials that reported combinable cate-
gorical data showed that L-carnitine significantly decreased
the percentage of patients who experienced dialysis-related
muscle cramping symptoms at the end of treatment (2 trials
with 102 patients; RR: 0.45; 95% CI: 0.20, 0.99; P = 0.05, P=
23%, P-heterogeneity = 0.25) (see Supplementary Figure 2
under “Supplemental data” in the online issue). Six of 10
trials that reported combinable continuous data showed that L-
carnitine significantly improved the quality of life at the end
of treatment (6 trials with 319 patients; SMD: 0.47; 95% CI:
0.04, 0.91; P = 0.03, I?> = 60%, P-heterogeneity = 0.03) (see
Supplementary Figure 3 under “Supplemental data” in the
online issue). However, no definitive conclusion could be
drawn from these outcomes because of the paucity of avail-
able data.

Adverse effects of L-carnitine supplementation

No adverse effects were reported.

Small-study effects

Harbord’s modified tests showed that there was no evidence of
small-study effects on triglycerides (P = 0.387), cholesterol (P =
0.568), LDL (P = 0.262), hemoglobin (P = 0.456), hematocrit (P
= 0.727), the required erythropoietin dose (P = 0.397), CRP (P =
0.790), or albumin (P = 0.360). However, Harbord’s modified
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A L-carnitine Controls Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.1  Serum Triglycerides (mg/dL)
Agazia 1980 (10) 170 10.6 6 323 37 6 6.0% -153.00[-183.80,-122.200 —@&—
Caruso 1983 (11)* 171.8 22.4 13 1159 9.4 14 63% 55.90 [42.77,69.03] L
Casciani 1982b (80)* 156.7 48.3 9 1267 2.7 6 58% 30.00 [-6.02, 66.02) T
Chazot 2003 (29) 192.21 9212 23 176.26 86.8 22 53% 15.95 [-36.33, 68.23] — e
Duranay 2006 (12) 132.86 62 21 141.72 70.86 2 57% -8.86 [-49.13, 31.41) —8—
EmamiNaini 2012 {(13) -31.1 38.7 24 9.6 322 27 6.2% -40.70 [-60.38,-21.02] -
Fagher 1985 (38-40) 26.58 11.07 14 -109.83 411.87 14 1.4% 136.41 [79.41, 352.23] *—
Fu 2010 (46) 179 51.3 20 187 63.8 20 58% -8.00 [-43.88, 27.89) —8—
Golper 1990 (35, 78) 241 158.3919 32 170 102.45 41 4.9% 71.00[7.79,134.21) —
Guarnieri 1980 (14) 244 82 8 444 269 8 16% -200.00 [-394.87,-513) #——
Labonia 1995 (76) 106.8 454 13 1385 61 1" 5.6% -31.70 [-75.39,11.99] @
Rathod 2006 (16) -13.71 23.47 10 -17.21 62.57 10 57% 3.50[-37.92, 44.92] ——
Shojaei 2011 (44) 143.7 85 12 1375 61.1 13 51% 6.20 [-52.25, 64.65) ——
Shojaei 2011 (44) 152.5 58.3 14 1287 55.4 13 56% 23.80 [-19.09, 66.69) T
Sohn 19892 (70) 131.8 81.3327 15 1139 69.7137 15  52% 17.90 [-36.31, 72.11] ——
Steiber 2006 (18) 183.7 941135 15 1776 129.0234 19 4.4% 6.10 [-68.96, 81.16]
Suchitra 2011 (43) 116.6 54.5601 20 99.4 22.8506 15  61% 17.20 [-9.36, 43.76)
Waux 2004 (28) 3.54 62 13 -8.86 53.14 13 56% 12,40 [-31.99, 56.79]
Weschler 1984 (41) 219 g8 6 222 35 4 43% -3.00 [-81.32, 75.32)
Yderstraede 1987 (37) 239 124 1 22 124 10 3.4% 18.00[-88.19,124.19]
total (95% CI) 299 302 100.0% -0.89 [-29.32, 27.53]
Heterogeneity: Tau®= 3269.06; Chi*= 196.59, df=19 (P < 0.00001); F= 90%
Test for overall effect: Z= 0.06 (P = 0.95)
total (95% CI) 277 282 100.0% -71.32 [-35.26, 20.61]
Heterogeneity: Tau®= 2666.60; Chi*= 110.54, df=17 (P < 0.00001); F= 85% | t t } {
o _ -200 -100 0 100 200
Test for overall effect: Z= 0.51 (P = 0.61) Favor L-camnitine Eavor Controls
B L-carnitine Controls Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2 Serum Cholesterol (mg/dL)
Agazia 1980 (10) 218.7 17.7 B 226 13 B 76% -7.30 [-124.87,10.27) —.—
Caruso 1983 (11)* 202.9 156 13 1946 138 14 11.8% 8.30[-2.88,19.48) L
Casciani 1982b (80)*  163.3 16.7 9 155 11 B 97% 8.30[-5.72,22.32) T
Chazot 2003 (29) 241,69 5298 23 22312 61.1 22 3.0% 18.57 [14.91,52.09] T
Duranay 2006 (12) 146.95 30.94 21 166.28 50.27 21 4.7% -19.33[-44.58, 5.92] —a—
Emami Naini 2012 (13) 6.6 16 24 -3.6 249 27 11.7% 10.20 [-1.17, 21.57] i
Fagher 1985 (38-40) 11.99 191.8 14 2297 25522 14 01% -1098[178.21,156.25] + L +
Fu 2010 {46) 167 436 20 168 399 20 45% -1.00 [-26.90, 24.90] ——
Golper 1990 (35, 78) 189 56.5685 32 181  51.225 41 4.7% 8.00[-17.10,33.10] —
Guarnieri 1980 (14) 229 63 8 202 74 8 08% 27.00 [-40.34, 94.34] -
Lahonia 1995 (76) 1441 275 13 1645 29.9 11 5.3% -20.40[-43.54, 2.74] —a—
Rathod 2006 (16) -19.22 20.64 10 1 30.68 10 54% -20.22[-43.14,2.70] —8—
Shakeri 2010 (26) 164 a8 18 183 131 18 0.7% -19.00 [-91.90, 53.90] .
Shojaei 2011 (44) 150.5 22 14 1489 37.2 13 5.3% 0.60 [-22.67, 23.87]
Shojaei 2011 (44) 147.9 26.3 12 1606 354 13 4.9% -12.70 [-37.03, 11.63] £
Sohn 1992 (70) 129.9 503488 15 1354 356314 15  3.3% -5.50 [[36.71, 25.71]
Suchitra 2011 (43) 160.2 27.28 20 179.7 457012 15 45% -19.50 [-45.54, 6.54] —&—
Waux 2004 (28) 3.87 232 13 -1547 15.47 13 9.0% 19.34 [4.18, 34.50] —a—
Weschler 1984 (41) 2m 64 B 190 33 4 1.0% 11.00 [-49.57, 71.57] e I S—
Yderstraede 1987 (37) 193 23 11 213 66 10  1.9% -20.00 [-63.11, 23.11] ——
total (95% CI) 302 301 100.0% 0.14[-6.15,6.42] ¢
Heterogeneity: Tau®= 54.32; Chi*= 27.45,df=19 (P=0.09); F= 31%
Test for overall effect: Z= 0.04 (P = 0.97)
total (95% CI) 280 281 100.0% -2.41[-9.90, 5.071

Heterogeneity: Tau®= 73.34; Chi*= 24.99, df=17 (P = 0.09); F= 32%
Test for overall effect: Z= 0.63 (P = 0.53)

100 -50 0 50 100
Favor L-carnitine Favor Controls

FIGURE 4. Forest plots from meta-analyses of effects of L-carnitine on serum triglycerides (A) and cholesterol (B). L-Carnitine could not significantly
decrease serum triglycerides (A) and cholesterol (B). The area of each square is proportional to the inverse of the variance of the mean difference. Horizontal
lines represent 95% Cls. Pooled estimates were obtained by using IV-weighted random-effects models. Black diamonds represent pooled estimates from all
eligible trials, whereas gray diamonds represent pooled estimates from sensitivity analyses. Prespecified sensitivity analyses excluded trials (*) that had high
risk of bias in the random sequence generation and concealment, used a crossover design, or existed only in abstract form. IV, inverse variance.

tests identified the presence of significant small-study effects for
HDL (P = 0.001). The corresponding Galbraith modified plots
were presented in Figure 8. Harbord’s modified tests and corre-
sponding Galbraith modified plots were not used to evaluate the
existence of small-study effects for secondary outcomes because
there were no adequate numbers of identified trials.

DISCUSSION

This updated systematic review provided an up-to-date
analysis of the evidence regarding the effects of L-carnitine on
a series of clinical markers with 172% more trials and 260%
more patients compared with in the previous meta-analysis of
Hurot et al (42) (49 trials with 1734 patients compared with 18
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A L-carnitine Controls Mean Difference Mean Difference

Study or Subagroup  Mean SD Total Mean SD Total Weight IV. Random, 95% Cl IV, Random. 95% CI

1.3 Serum HDL (mg/dL)
Caruso 1983 (11)" 60.5 25 13 477 15 14 87% 12.80[11.23,14.37] -
Casciani 1982b (80)* 527 5.4 9 467 6 6 71% 6.00 [0.04,11.96] .
Emami Maini 2012 {13) 3.7 28 24 -08 37 27 87% 450[2.71,6.29) -
Fagher 1985 (38-40) 2.65 8.51 14 05 15.08 14 56% 205[7.02,11.12) —1—
Fu 2010 (48) 37 8.1 20 36 7.3 20 7.7% 1.00[-3.78,5.78] ——
Golper 1990 (35, 78) 34 11.3:137 32 36 12.8062 41 7.3% -2.00[-7.54, 3.54] —a—
Lahonia 1995 (76) 385 104 13 43 139 1" 52% -450[14.47,5.47] —
Rathod 2006 {16) -1.92 8.55 10 -012 3.95 10 7.2% -1.80 [-7.64, 4.04]
Shojaei 2011 (44) 394 6.8 14 384 5.5 13 7.7% 1.00 [-3.65, 5.65] E
Shojaei 2011 (44) 43.3 8 12 422 8.1 13 6.9% 1.10[-5.21, 7.41]
Sohn 1992 (70) 26.3 89079 15 26 46476 15  7.5% 0.30[-4.78,5.38] ——
Steiher 2006 (18) 38.6 13.5554 15 438 18.351 19 4.9% -520[15.93,553] —a—
Suchitra 2011 {43) 30.4 10.2858 20 324 9.2852 15  6.8% -2.00[-8.52,4.52) ——
Weschler 1984 (41) 38.6 20 6 509 141 4 22% -1230[-33.44,884) ——mmma———
Yderstraede 1987 (37) 27 12 11 27 4 10 6.4% 0.00 [-7.51, 7.51] ——

total (95% CI) 228 232 100.0% 113 [-2.44,4.70] >
Heterogeneity: Tau® = 37.37, Chi*=125.06, df= 14 (P < 0.00001); F= 89%
Testfor overall effect: Z=0.62 (P=0.53)
total (95% ClI) 206 212 100.0% 0.47 [-1.54, 2.48] ?
it 2 — . 2= - - 1R = |I : T : :
Heterogeneity: Tau®= 4.16; Chi*=18.78, df=12 (P = 0.09); F= 36% 50 10 0 10 20

Test for overall effect: Z= 0.46 (P = 0.65)

Favor Controls Favor L-carnitine

L-carnitine Controls Mean Difference Mean Difference

Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl

1.4 Serum LDL (mg/dL)

Duranay 2006 {(12) 81.21 23.2 21 100.54 4254 21 5.8% -19.33 [-40.05,1.39) —

Emami Naini 2012 (13) -3 104 24 -6.9 247 27 13.5% 3.90[-6.30,14.10) —1—

Fagher 1985 (38-40) 1.55 108.28 14 1206 16589 14 0.3% -10.51[114.28 93.26) + - +
Fu 2010 (48) 97.7 18.6 20 1741 228 20 108% -19.40[-32.30,-6.50) —a—

Golper 1990 (35, 78) 99 38.598 32 109 38.4187 41 71%  -10.00[-28.07,8.07) —

Rathod 2006 (16) -15 6.85 10 -3.29 15.9 10 13.0% -11.71[22.44,-099) —8—

Shojaei 2011 (44) 87.5 14.8 12 85.5 19.1 13 10.4% 2.00[-11.34,15.34)

Shojaei 2011 (44) 774 15.7 14 839 29 13 7.3%  -6.50[-24.28,11.29) %

Sohn 1992 (70) 56.4 7.3587 15 559 7.3587 15 19.6% 050 [[4.77,5.77)

Suchitra 2011 (43) 99.3 304105 20 109 243998 15 T71% -9.70 [-27.87,8.47) —
Weschler 1984 (41) 128 39.4 6 1023 21.4 4 21% 2570[12.16, 63.56) —_—T
Yderstraede 1987 (37) 124 23 11 143 46 10 29% -19.00[-50.58, 12.58) —

total (95% CI) 199 203 100.0%  -5.82 [-11.61,-0.04] 3
Heterogeneity: Tau®= 37.15; Chi*=19.50, df=11 (P = 0.05); I*= 44%
Test for overall effect: Z=1.97 (P = 0.05)
0 226 0 25 40

Favor L-carnitine Favor Controls

FIGURE 5. Forest plots from meta-analyses of effects of L-carnitine on serum HDL (A) and LDL (B). L-Carnitine could not significantly change serum
HDL (A), whereas L-carnitine could significantly decrease serum LDL (B). The area of each square is proportional to the inverse of the variance of the mean
difference. Horizontal lines represent 95% CIs. Pooled estimates were obtained by using IV-weighted random-effects models. Black diamonds represent
pooled estimates from all eligible trials, whereas gray diamonds represent pooled estimates from sensitivity analyses. Prespecified sensitivity analyses
excluded trials (*) that had high risk of bias in the random sequence generation and concealment, used a crossover design, or only existed in abstract form.
The prespecified sensitivity analysis was not performed for the effect of L-carnitine on LDL because there was no trial that had high risk of bias in the random
sequence generation and concealment, used a crossover design, or existed only in abstract form. IV, inverse variance.

trials with 482 patients, respectively). Indeed, there were more
studies in this meta-analysis, but these studies did not have data
on all questions under consideration. For example, serum tri-
glycerides was reported in 19 of 49 studies, and the erythro-
poietin dose was reported in 8 of 49 studies. It should be alerted
that not all studies and data that can be used for all questions.
Although we used 49 studies in this meta-analysis, for any one
question the number of studies with available data ranged from
8 to 19. In the current meta-analysis, there was no evidence that
L-carnitine could significantly decrease serum triglycerides and
cholesterol and increase HDL, which was consistent with the
findings of a previous meta-analysis (Table 2). The previous
meta-analysis indicated that L-carnitine might be associated with
significantly decreased LDL (5 trials; P = 0.06). The current

meta-analysis showed that the beneficial effect of L-carnitine on
decreasing LDL could be considered statistically significant (11
trials; P = 0.05). The identification of the benefit on LDL might
have been, at least in part, attributable to the doubled number of
trials included in the current meta-analysis.

In the previous meta-analysis, there was evidence that sup-
ported the use of L-carnitine to increase hemoglobin (3 trials;
P < 0.01) and decrease the required erythropoietin dose
(6 trials; P < 0.01) (Table 2). However, the current meta-anal-
ysis did not confirm the beneficial effects of L-carnitine on he-
moglobin (14 trials; P = 0.11) and the required erythropoietin
dose (8 trials; P = 0.13). It should be noted that there was an
overlap of included studies between this meta-analysis and the
previous meta-analysis. The previous meta-analysis might be
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Subgroup analyses of effects of L-carnitine on a series of clinical markers according to the ethnicity of patients and duration and route of L-carnitine

supplementation’

Markers and subgroups

No. of trials

Mean difference (95% CI)

P-each stratum

P-subgroup difference

Triglycerides (mg/dL)
Ethnicity
Whites
Nonwhites
Duration of treatment
<6 mo
=6 mo
Route of treatment
Intravenous
Oral
Cholesterol (mg/dL)
Ethnicity
Whites
Nonwhites
Duration of treatment
<6 mo
=6 mo
Route of treatment
Intravenous
Oral
HDL (mg/dL)
Ethnicity
Whites
Nonwhites
Duration of treatment
<6 mo
=6 mo
Route of treatment
Intravenous
Oral
LDL (mg/dL)
Ethnicity
Whites
Nonwhites
Duration of treatment
<6 mo
=6 mo
Route of treatment
Intravenous
Oral
Hemoglobin (g/dL)
Ethnicity
Whites
Nonwhites
Duration of treatment
<6 mo
=6 mo
Route of treatment
Intravenous
Oral
Hematocrit (%)
Ethnicity
Whites
Nonwhites
Duration of treatment
<6 mo
=6 mo
Route of treatment
Intravenous
Oral

1.06 (—59.30, 61.41)
—5.05 (—22.82, 12.71)

—6.27 (—45.44, 32.89)
8.02 (—15.96, 32.00)

0.04 (—33.06, 33.13)
—6.47 (—60.39, 47.46)
8.07 (1.61, 14.53)

—7.07 (—15.90, 1.77)

3.74 (—2.22, 9.70)
—8.35 (—23.38, 6.68)

—2.77 (—10.48, 4.94)
9.08 (0.40, 17.75)
2.82 (—4.28, 9.91)

0.83 (—1.52, 3.18)

2.57 (—1.38, 6.51)
—2.71 (—6.36, 0.95)

0.55 (—4.28, 5.38)
4.44 (1.09, 7.79)
—12.18 (—27.69, 3.33)

—5.16 (—11.71, 1.38)

—3.32 (—9.90, 3.26)
—12.54 (—20.98, —4.10)

—8.00 (—14.04, —1.96)
6.86 (—7.78, 21.50)
0.40 (—0.60, 1.41)

1.55 (0.46, 2.64)

0.90 (—0.03, 1.84)
0.58 (—0.64, 1.79)

0.39 (—0.13, 0.91)
3.10 (—2.18, 8.39)
1.18 (—2.72, 5.08)

6.07 (—3.53, 15.67)

4.11 (—10.54, 18.76)
1.54 (—1.87, 4.95)

0.85 (—1.62, 3.32)
15.54 (13.31, 17.77)

0.97
0.58

0.75
0.95

1.00

0.81

0.01

0.12

0.22
0.28

0.48

0.04

0.44

0.49

0.20
0.15

0.82

0.009

0.12

0.12

0.32
0.004

0.009

0.36

0.43

0.005

0.06
0.35

0.14

0.25

0.55

0.22

0.58
0.38

0.50
<0.0001

0.85

0.54

0.84

0.007

0.14

0.05

0.60

0.05

0.19

0.41

0.09

0.07

0.13

0.68

0.32

0.36

0.74

<0.00001

(Continued)
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Markers and subgroups No. of trials

Mean difference (95% CI)

P-each stratum P-subgroup difference

Erythropoietin dose (KU/wk)

Ethnicity
Whites 6 —0.43 (—1.55, 0.70) 0.46 0.16
Nonwhites 2 —1.84 (=3.49, —0.19) 0.03

Duration of treatment
<6 mo 2 —1.40 (—=2.97, 0.17) 0.08 0.37
=6 mo 6 —0.49 (—1.73, 0.75) 0.44

Route of treatment
Intravenous 7 —0.55 (—1.54, 0.43) 0.27 0.15
Oral 1 —2.75 (—=5.57, 0.07) 0.06

C-reactive protein (mg/L)

Ethnicity
Whites 3 —2.52 (—8.37, 3.33) 0.40 0.60
Nonwhites 5 —4.24 (=17.03, —1.45) 0.003

Duration of treatment
<6 mo 4 —2.70 (—=5.79, 0.39) 0.09 0.11
=6 mo 4 —6.41 (—9.75, —3.06) 0.0002

Route of treatment
Intravenous 6 —4.45 (—8.28, —0.62) 0.02 0.30
Oral 2 —2.27 (=3.73, —0.81) 0.0002

Albumin (g/L)

Ethnicity
Whites 6 0.42 (—1.87,2.70) 0.72 0.08
Nonwhites 5 3.80 (0.74, 6.87) 0.02

Duration of treatment
<6 mo 5 1.54 (—1.46, 4.54) 0.32 0.92
=6 mo 6 1.75 (—0.96, 4.45) 0.21

Route of treatment
Intravenous 11 1.65 (—0.22, 3.51) 0.08 —
Oral 0 — —

"Pooled estimates were obtained by using inverse variance—weighted random-effects models in each stratum. P values indicate the intrastratum
difference and the subgroup difference between strata (on the basis of an ANOVA-like partitioning of Cochran’s Q statistic).

considered hypothesis generating, and recent studies might be
considered hypothesis testing. Simply combining the previous
and current studies may obscure the phenomenon of regression
to the mean. It could be speculated that certain new trials might
have a dominant influence on the overall estimate of the effects
on anemia-related markers. Because the trial of Brass et al (30)
was the largest RCT to date and recruited 183 patients, con-
tributing ~26% of the total included patients in the meta-
analysis of the effect on hemoglobin. The negative finding of
this single trial largely influenced the result of our meta-analy-
sis. If this trial, with ~24% weight on the overall effect, had
been removed from the meta-analysis, there would have been
a favorable effect of L-carnitine on hemoglobin (MD: 1.01 g/dL;
95% CI: 0.03, 2.00 g/dL; P = 0.04). Similarly, 2 of 8 trials,
which contributed ~40% weight on the overall effect, had
a dominant influence on the analysis of the required erythro-
poietin dose. The overall negative results regarding the required
erythropoietin dose in the current meta-analysis might have
been, at least in part, a result of the negative findings of these 2
trials of Chazot et al (29) and Vaux et al (28), which were only
included in the current meta-analysis.

Another previous meta-analysis failed to show any favorable
effect of L-carnitine on intradialytic hypotension or dialysis-
related muscle cramping (1). The uncertainty of the effects of
L-carnitine on these outcomes still continued because of the

paucity of available data. The current meta-analysis assessed the
effects of L-carnitine on serum CRP, albumin, and quality of life,
which was not performed in any previous meta-analysis. There
was evidence that L-carnitine could significantly decrease serum
CRP. No favorable effect on serum albumin was identified.
L-Carnitine could significantly improve the quality of life (P =
0.03), but the number of available trials was limited, and methods
used for the assessment of the quality of life varied. Furthermore,
a mean change of 0.47 (95% CI: 0.04-0.91) could not be faith-
fully considered to be clinically relevant.

A recent meta-analysis of 11 RCTs with 1707 hemodialysis
patients indicated that statin therapy could significantly decrease
serum LDL (MD: —41.3 mg/dL; 95% CI: —54.4, —28.3 mg/dL)
(82). In the German Diabetes and Dialysis (4D) study (which
involved 2776 patients who were undergoing maintenance
hemodialysis) (58, 59) and A Study to Evaluate the Use of Ro-
suvastatin in Subjects on Regular Hemodialysis: An Assessment
of Survival and Cardiovascular Events (AURORA) (which
involved 1255 patients with type 2 diabetes who were receiving
maintenance hemodialysis) (57), LDL decreased by 40-49 mg/dL
in the statins groups at 1-3 mo. By contrast, our meta-analysis
indicated that the MD in LDL between treatment and control
groups was —5.8 mg/dL. The effect of L-carnitine on LDL ap-
peared significant; however, the magnitude of improvement was
very small compared with the usual decrease with statin
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A L-carnitine Controls Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1 Hemoglobin (g/dL)

Arduini 2006 (53) 1.3 0.8 13 104 12 13 6.0% 0.90[0.12,1.68]

Biolo 2008 (48) 12.9 1.2 9 125 0.9487 10 58% 0.40 [-0.58,1.38]

Brass 2001 (30) 1.3 1.3 30 1B 1.3 11 59%  -0.30[-1.20,0.60]

Brass 2001 (30) 1.1 1 32 118 1.3 11 59%  -0.50[-1.34,0.34]

Brass 2001 (30) 11 1.3 28 113 0.9 28 6.1%  -0.30[-0.89,0.29]

Brass 2001 (30) 11.1 0.9 32 16 1.3 11 6.0%  -0.50[-1.33,033]

Emami Naini 2012 (13) 0.7 1.7 24 0.3 1.4 27 59% 0.40 [-0.46, 1.26]

Fagher 1985 (38-40) 0.0 0.78 14 0.0 1.02 14 B1% 0.04 [0.63,0.71]

Fu 2010 (46) 9.87 1.89 20 8.43 1.18 20 58% 1.24 [0.36, 2.32)

Khodaverdi 2010 (15) 14 04 14 12 12 15 B1% 3.00 [2.34, 3.66] -

Kletzmayr 1998 (33) 10.68 0.64 12 10.68 1.41 16 6.0% 0.00[-0.78,0.78]

Rathod 2006 (16) 0.89 0.56 10 -0.47 0.77 10 B1% 1.36 [0.77,1.99)

Savica 2005 (17)* 108 1.2 48 9.9 1.3 65 6.2% 0.90 [0.44,1.36]

Sorge-Haedicke 2001 (56)* 10.89 1.19 43 10.78 1.26 40 6.2% 0.11 [-0.42, 0.64]

Steiber 2006 (18) 11.9 1.1619 15 123 1.3077 19  6.0% -040[-1.23043]

Thomas 1899 (32) 1021 1.6971 g8 1183 3.27 7 38% -1.72[4.41,097)

Trovato 1982 (19) 12.25 0.44 13 6.46 1.0 11 6.1% 5.79[5.15,6.43] -

total (95% CI) 365 328 100.0% 0.68 [-0.14, 1.50]

Heterogeneity: Tau®= 2.77, Chi*= 343.86, df= 16 (P < 0.00001); IF= 95%
Test for overall effect Z=1.62(F=011)

total (95% CI) 274 223 100.0% 0.69 [-0.30, 1.69]
Heterogeneity: Tau®= 3.61; Chi®= 334.24, df=14 (P < 0.00001); F= 96% T ;
Test for overall efiect Z=1.37 (P=0.17) -

Favor Controls Favor L-carnitine

B L-carnitine Controls Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
2.2 Hematocrit (%)

Arduini 2006 (53) 343 36 13 323 34 13 8.5% 2.00[-0.69, 4.69] T
Brass 2001 (30) 339 34 28 351 4.2 11 8.5%  -1.20[-3.98,1.59) —a—
Brass 2001 (30) 335 27 32 351 42 " 86% -1.60[-4.251.08] —a
Brass 2001 (30) 328 4 28 338 2.9 28 8.8% -1.10[-2.93,073] —
Brass 2001 (30) 333 34 32 351 4.2 11 85%  -1.80[-4.55,095] —.
Caruso 1998 (34) 33.35 4.07 12 30.86 5.8 16 8.2% 249[-1.17,6.15) T
Chazot 2003 (29) 325 6.6 23 321 58 22 8.2% 0.40[-3.23,4.03] ——
Khodaverdi 2010 (15) 49 2.7 14 38 3.3 15 8.7% 11.00[8.81,13.19] -
Labonia 1935 (76) 291 21 13 279 19 1 8.8% 1.20[-0.40, 2.80] il
Steiber 2006 (18) 37 2711 15 377 3.923 19 8.7% -0.70[-2.93,1.53] —-—
Thomas 1999 (32) 32 8 8 36 9 7 5.7% -4.00[-12.67,4.67] —_—
Trovato 1982 (19) 37.38 2.24 13 2184 316 11 8.7% 1554 [13.31,17.77] —-—
total (95% CI) 231 175 100.0%  2.04 [-1.39, 5.48] Eeaiy
Heterogeneity; Tau® = 34.00; Chi*= 243.52, df= 11 (P < 0.00001); F= 95%
Test for overall effect Z=1.17 (P=0.24)
20 -10 0 10 20
Favor Controls  Favor L-carnitine

C L-carnitine Controls Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
2.3 Erythropoietin dosage (KU/week) ’_._

Caruso 1898 (34) 517 3.83 12 588 367 16 8.8% -0.71[3.53 2.11) —a

Chazot 2003 (29) 193 273 23 1.03 207 22 19.0% 0.90 [[0.51,2.31] -

Emarmi Naini 2012 {(13) -4.75 5772 24 -2 4,296 27 8.8% -275[557,007] —_——

Kletzmayr 1999 (33) 1265 7.19 12 1208 813 16 2.8% 0.57 [5.12,6.26) -

Labonia 1895 (76) 3.54 19 13 491 297 11 13.4%  -1.37[-3.41,067] —a—
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FIGURE 6. Forest plots from meta-analyses of effects of L-carnitine on hemoglobin (A), hematocrit (B), and the required erythropoietin dosage (C).
L-Carnitine could not significantly change hemoglobin (A), hematocrit (B), and the required erythropoietin dosage (C). The area of each square is proportional
to the inverse of the variance of the mean difference. Horizontal lines represent 95% Cls. Pooled estimates were obtained by using IV-weighted random-effects
models. Black diamonds represent pooled estimates from all eligible trials, whereas gray diamonds represent pooled estimates from sensitivity analyses.
Prespecified sensitivity analyses excluded trials (*) that had high risk of bias in the random sequence generation and concealment, used a crossover design, or
only existed in abstract form. The prespecified sensitivity analysis was not performed for the effect of L-carnitine on hematocrit because there was no trial that
had high risk of bias in the random sequence generation and concealment, used a crossover design, or existed only in abstract form. IV, inverse variance.
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FIGURE 7. Forest plots from meta-analyses of effects of L-carnitine on serum C-reactive protein (A) and albumin (B). L-Carnitine could significantly
decrease serum C-reactive protein (A), whereas L-carnitine could not significantly change serum albumin (B). The area of each square is proportional to the
inverse of the variance of the mean difference. Horizontal lines represent 95% CIs. Pooled estimates were obtained by using IV-weighted random-effects
models. Black diamonds represent pooled estimates from all eligible trials, whereas gray diamonds represent pooled estimates from sensitivity analyses.
Prespecified sensitivity analyses excluded trials (*) that had high risk of bias in the random sequence generation and concealment, used a crossover design, or

existed only in abstract form. IV, inverse variance.

treatment. Thus, the lipid-lowering effect of L-carnitine was very
limited for hemodialysis patients, particularly compared with the
effect with other currently approved medications such as statins.

Inflammation is highly prevalent in ESKD patients requiring
maintenance hemodialysis, with a CRP concentration >12.4 mg/L
reported in >25% of patients (57-59). Elevated CRP is a pre-
dictor of all-cause and cardiovascular mortality in hemodialysis
patients (60, 61). The identification of strategies that reduce CRP
and suppress chronic inflammation may translate into improved
outcomes (61). A recent meta-analysis showed that statins could
significantly decrease CRP (SMD: —0.54; 95% CL: —1.04,
—0.05; P = 0.03) in hemodialysis patients (83). In AURORA and
4D studies, the CRP concentrations decreased by 0.65 and
0.20 mg/L, respectively, at 3—6 mo after statin therapy, whereas
the CRP concentrations increased by 0.21 and 0.50 mg/L,
respectively, during placebo treatment. In hemodialysis patients,
an increase in CRP over time might indicate an ongoing
inflammatory state (57, 61). Statins did exert antiinflammatory
effects. However, the potent antiinflammatory effects did not
translate to a significant reduction in the composite primary
endpoint of cardiovascular death, nonfatal myocardial infarction,
or stroke in patients who were undergoing hemodialysis in 4D and
AURORA studies (57, 59). A recent meta-analysis further
confirmed that statins had no effect on all-cause mortality (13

RCTs with 4705 patients; RR: 0.96; 95% CI: 0.88, 1.04), car-
diovascular mortality (13 RCTs with 4623 patients; RR: 0.94;
95% CI: 0.82, 1.07), or cardiovascular events (4 RCTs with 7084
patients; RR: 0.95; 95% CI: 0.87, 1.03) in patients who were
receiving dialysis (82). It could be speculated that statins could
not sufficiently decrease CRP and achieve a significant antiin-
flammatory effect or that a different, more potent antiinflammatory
strategy needs to be applied to control CRP in this patient pop-
ulation (61). Our meta-analysis indicated that the overall MD in
CRP between patients with and without L-carnitine treatment was
—3.65 mg/L, which was in contrast to the decrease of 0.20-
0.65 mg/L with statin treatment (57-59). Thus, L-carnitine might
possess a more potent antiinflammatory effect than statins. How-
ever, it is still unclear whether L-carnitine could significantly
reduce cardiovascular morbidity and mortality.

Recently, hepcidin has emerged as the master regulator of iron
metabolism (84). Hepcidin can bind to the cell surface iron
exporter ferroportin and induce its internalization, thereby
inhibiting iron enteral absorption and iron release from liver and
reticuloendothelial system (85). Inflammation could induce
hepcidin overproduction and, thus, cause or aggravate absolute
iron-deficiency by inhibiting iron enteral absorption and func-
tional iron deficiency by decreasing the release of stored iron
from the liver and reticuloendothelial system (86). Our meta-
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FIGURE 8. Galbraith modified plots from meta-analyses of effects of L-carnitine on serum triglycerides (A), cholesterol (B), HDL (C), LDL (D),
hemoglobin (E), hematocrit (F), the required erythropoietin dose (G), C-reactive protein (H), and albumin (I). SND, standard normal deviate.

analysis indicated no beneficial effect of L-carnitine on hemoglo-
bin, hematocrit, and the required erythropoietin dose. However,
it could be speculated that r-carnitine, with a potent antiin-
flammatory effect, could inhibit inflammation-induced hepcidin
overexpression and help maintain the iron homeostasis.

This meta-analysis had several limitations. First, most of the
included RCTs were short term, generally lasting <1 y. Treatment
regimens and patient populations varied. Sensitivity analyses and
subgroup analyses failed to show the prespecified covariates (a
low- or high-quality study design, published or not, the ethnicity
of patients, and the duration and route of L-carnitine treatment) as
potential sources of heterogeneity, which reflected unmeasured
factors that influenced findings and many imbalances in baseline
characteristics of patients included in trials. Second, the quality of
trials also varied. Only 14 of 49 trials explained how the random
sequence was generated, and details of allocation were noted in
only 3 of 49 trials, which suggested that a selection bias may have
been introduced. The number of trials that contributed substantial
data to the meta-analysis was small because most included trials
only reported some outcomes. The presence of small-study effects
was also identified in HDL reporting. A selective outcome re-

porting bias and small-study effects could have reduced the
strength of our findings. Third, there were 62 P values for overall
effects (9) and subgroups (54) (one test was not performed be-
cause of the lack of data; 9 + 54 — 1 = 62) (Table 1). There was no
prespecified overall plan on how to deal with the multiple testing
at the design stage of this meta-analysis. All statistical testing in
this meta-analysis was unadjusted for multiple testing. With the
use of a raw P value, the effect of L-carnitine on CRP was sig-
nificant (P = 0.005). The effect remained significant by using
a post hoc multiple-testing method, such as the false discovery
rate (FDR) (FDR P = 0.045). However, had the FDR been
applied, the effect on LDL would not have been significant (raw
P = 0.05 compared with FDR P = 0.225). A number of relatively
small raw P values indicated that there might have been effects on
albumin (P = 0.08), hemoglobin (P = 0.11), and the erythropoietin
dose (P = 0.13). As regards the 53 subgroup analyses, results of
6 subgroup analyses were considered significant (all raw P values
=0.005 and FDR P values =0.05). Three of 6 analyses were
related to the effect on CRP (Table 1). With the aim to overcome
the weakness that multiple testing of subgroup analyses might
have increased the chance to detect false-positive results, no
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TABLE 2
Comparison of the results from the current meta-analysis and 2 previous
meta-analyses

Markers and meta-analysis No. of trials P
Triglycerides

Current 19 0.95

Hurot et al (42) 9 0.80
Cholesterol

Current 19 0.97

Hurot et al (42) 9 0.09
HDL

Current 14 0.53

Hurot et al (42) 8 0.66
LDL

Current 11 0.05

Hurot et al (42) 5 0.06
Hemoglobin

Current 14 0.11

Hurot et al (42) 3 <0.01
Hematocrit

Current 9 0.24
Erythropoietin dose

Current 8 0.13

Hurot et al (42) 6 <0.01
C-reactive protein

Current 8 0.005
Albumin

Current 11 0.08
Dialysis-related muscle cramp

Current 7 0.05

Lynch et al (1) 6 0.05
Intradialytic hypotension

Current 7 0.50

Lynch et al (1) 5 0.20
Quality of life

Current 6 0.03

definitive conclusion was drawn on the basis of any P values in
the 53 intrastratum subgroup differences and 26 pairwise sub-
group differences regardless of positive or negative findings. Even
positive findings with small P values or large MDs of subgroup
analyses should be interpreted with cautions and need to be vali-
dated as the primary concern in future RCTs. Thus, it is important
that this systematic review be updated when results from more
RCTs become available.

These limitations notwithstanding, this systematic review had
several important strengths. First, we used Cochrane- and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses-rec-
ommended methods for the quality assessment and data synthesis of
included RCTs. Second, we included more trials than in 2 previous
meta-analyses and focused on more clinical markers, such as CRP,
albumin, and quality of life. Furthermore, we qualitatively summa-
rized data from 18 RCTs with 479 patients and provided descriptive
information on effects of L-carnitine on the cardiovascular system,
skeletal muscle function, platelet and coagulation function, and
quality of life. In addition, the language bias may have been reduced
by the inclusion of trials published in a non-English language.

In conclusion, previous meta-analyses indicated that L-carnitine
significantly increased hemoglobin and decreased the required
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erythropoietin dose. This meta-analysis failed to confirm previous
findings but indicated that L-carnitine significantly decreased
serum LDL and CRP. The extent of decrease of LDL was not
clinically relevant, whereas the significant decrease of CRP was
suggested to be both statistically and clinically relevant. However,
the association of the decrease of CRP and hard endpoints such as
all-cause mortality and cardiovascular complications remains
unclear. Therefore, high-quality RCTs with an adequate sample
size and hard endpoints are needed to reliably define the efficacy
and safety of L-carnitine supplementation in ESKD patients
requiring maintenance hemodialysis.
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Erratum

LiS,NaL,LiY, GongL, Yuan F, Niu Y, Zhao Y, Sun C. Long-term calcium supplementation may have adverse effects on serum
cholesterol and carotid intima-media thickness in postmenopausal women: a double-blind, randomized, placebo-controlled trial. Am J
Clin Nutr 2013;98:1353-9.

Two errors appear in the article. In Table 1 (page 1356), the word esterol should be estradiol. In the Results section on page
1355, the second sentence under “Descriptive and biochemical characteristics and dietary intakes’ should read as follows:
“Serum estradiol concentrations in premenopausal women were significantly higher than those in postmenopausal women
(147.44 = 28.29 compared with 33.08 = 8.41 ng/L; P < 0.01).”
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Erratum

Chen Y, Abbate M, Tang L, Cai G, Gong Z, Wei R, Zhou J, Chen X. 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.

The references in the original online supplemental data were incorrect. A corrected version of the online supplemental data
has been posted.
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