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Abstract

Background r-carnitine is an amino acid derivative that is thought to be helpful for treating renal anemia in hemodialysis
patients. However, the mechanism remains to be fully elucidated.

Methods A literature search was performed on PubMed, Embase, and Cochrane Central Register of Controlled Trials to
identify randomized controlled trials (RCTs) and conduct a meta-analysis for investigating the effect of L-carnitine in the
treatment of renal anemia in participants receiving hemodialysis.

Results A total of 18 eligible trials with 1090 participants were included in this study. L-carnitine can significantly increase
plasma free L-carnitine levels (mean difference [MD]: 140.53, 95% confidence interval [CI] 102.22-178.85; P <0.00001),
decrease the erythropoietin responsiveness index (ERI; MD: —2.72, 95% CI —3.20 to —2.24; P <0.00001) and the required
erythropoiesis—stimulating agent (ESA) doses (MD: —1.70, 95% CI —2.04 to —1.36; P <0.00001). However, the use of
L-carnitine was not associated with a higher hemoglobin level (MD: 0.18, 95% CI —0.20 to 0.55; P=0.35) and hematocrit
level (MD: 1.07,95% CI —0.73 to 2.87; P=0.24). In subgroup analyses, the effects of L-carnitine supplementation on renal
anemia in patients on hemodialysis were independent of the treatment duration and intervention routes.

Conclusion The present meta-analysis indicated that L-carnitine therapy significantly increased plasma L-carnitine concentra-
tions, improved the response to ESA, decreased the required ESA doses in patients receiving hemodialysis, and maintained
hemoglobin and hematocrit levels. L-carnitine supplementation should be supported in hemodialysis patients. However, the
relationship between L-carnitine treatment and long-term outcomes is still unclear. Further high-quality RCTs are needed
to verify our findings.

Keywords 1-Carnitine - Hemodialysis - Erythropoietin responsiveness index - Erythropoiesis-stimulating agent - Renal
anemia

Introduction

Renal anemia, a commonly observed complication in
patients with chronic kidney disease (CKD), is associated
with increased mortality and cardiac complications and con-
tributes to poor quality of life [1]. Although the etiology
of anemia in CKD is driven by iron deficiency, decreased
half-life of erythrocytes and chronic inflammation, the
main pathogenesis is still erythropoietin (EPO) deficiency
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[2]. Randomized controlled trials (RCTs) have proved that
erythropoiesis-stimulating agent (ESA) can increase hemo-
globin levels, which prompted the widespread use of ESA to
correct anemia [3]. However, treatment with higher doses of
ESAs is related to an increased risk of death and cardiovas-
cular events in patients with CKD [4, 5]. In addition, ESA
hyporesponsiveness results in failure of improving hemo-
globin levels in a considerable number of patients, even at
high doses of ESA and also influences renal anemia [6].
Therefore, it is necessary to minimize the use of ESA and
improve the response to ESA.

L-carnitine is an amino acid derivative that exists in
almost all animal species, some microorganisms, and sev-
eral higher plants. It is biosynthesized mainly in the liver and
kidneys, and more than 90% of L-carnitine is present within
the skeletal and cardiac muscles [7]. The main function of
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L-carnitine in the organism is to transport long-chain fatty
acids into the mitochondrial matrix for f-oxidation and tri-
carboxylic acid cycle to produce ATP for energy supply [8].
Under normal renal functions, L-carnitine is filtered in the
glomerulus and resorbed in the proximal tubules to main-
tain L-carnitine homeostasis in the body. However, patients
with chronic renal failure, especially those receiving hemo-
dialysis, suffer from L-carnitine deficiency due to reduced
intake or rapid clearance during dialysis, thereby resulting
in several symptoms such as anemia, dialysis hypotension,
myocardial damage, and malnutrition [8, 9]. Several RCTs
showed that L-carnitine supplementation can improve RBC
survival [10], leading to a reduction in ESAs usage and
improving ESAs hyporesponsive [11]. However, other stud-
ies have conflicting results [12]. Therefore, we conducted a
meta-analysis to pool the data of ESAs dose and erythropoi-
etin responsiveness index (ERI) to evaluate the efficacy of
L-carnitine in the treatment of renal anemia in hemodialysis
patients.

Methods
Literature search

Two authors (Y Zhu and ZJ Xie) independently conducted
literature searches in PubMed, Embase, and Cochrane Cen-
tral Register of Controlled Trials in October, 2020. The fol-
lowing search terms were used: “carnitine OR L-carnitine
OR levocarnitine” and “dialysis OR hemodialysis.” The
references included in the literature and all relevant review
articles were reviewed to supplement possible missing stud-
ies. Only English and Chinese language trials were included
to consider for the selection of RCTs.

Inclusion criteria and prespecified outcomes

The inclusion criteria were as follows: (1) participants aged
>18 years; (2) parallel and crossover RCTs that compared
L-carnitine supplementation with placebo or no treatment;
(3) a diagnosis with ESRD receiving hemodialysis treat-
ment for a period of at least 12 weeks; (4) the participants
underwent regular 4-h hemodialysis sessions twice or thrice
weekly. Studies that conducted oral or intravenous L-carni-
tine supplementation within the past 6 months and those that
performed L-carnitine supplementation for less than 1 month
were excluded.

The primary outcome was ERI. Secondary outcomes
were the required ESA doses, serum hemoglobin, serum
hematocrit, serum free L-carnitine level, and adverse events
of L-carnitine supplementation. The ERI was calculated as
follows: ERI=ESA doses per week (IU)/Body weight (kg)
QHemoglobin level (mg/dL).
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Study selection and data extraction

The initial evaluation was screened by two reviewers (Y Zhu
and J Deng) independently according to titles and abstracts.
Full-text reading was conducted if the studies were not
excluded after the initial evaluation. Disagreements were
resolved by consultation with a third reviewer. The informa-
tion extracted from each trial included the first author, year
of publication, patient baseline characteristics (country, age,
sex, duration of hemodialysis), intervention routes, doses,
duration, baseline serum hemoglobin and free L-carnitine
levels, outcomes, and the study design.

Quality assessment methods

The Cochrane Risk of Bias Tool was used to assess the qual-
ity of studies. Seven elements including a random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and any other potential
biases, were judged as high, low, or unclear risk of bias.

Statistical analysis

Continuous data were computed as the mean difference
(MD) with 95% confidence interval (CI). Statistical hetero-
geneity was explored using the I statistic. I* statistics of
25-50%, 50-75%, and >75% indicated mild, moderate, and
considerable heterogeneity, respectively. If 1> was <50%,
a fixed-effect model was used; otherwise, a random-effect
model was used for the analysis. P <0.05 in the two-tailed
tests was considered statistically significant. Furthermore,
the potential sources of heterogeneity were explored using
subgroup analysis, which was performed to assess whether
the pooled outcomes were different as a result of the duration
of L-carnitine treatment (< 6 or 26 months) and the route
of L-carnitine treatment (intravenous or oral). Sensitivity
analysis was carried out by removing trials one by one and
performed again whether the results were different. Publi-
cation bias was explored using funnel plots for the primary
outcome. Review Manage version 5.3 (Oxford, UK) and
STATA 15.1 software were used for the statistical analyses.

Results

Literature selection and baseline characteristics
of the participants

We identified 1341 literatures, 1252 of which were excluded
after we screened the titles and abstracts. Then, 71 literatures
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were excluded after full-text screening as they were not
RCTs, used other intervention methods, and did not have
appropriate control or failed to meet the inclusion criteria.
A total of 18 eligible trials with 1090 participants were
included in this meta-analysis: 17 parallel RCTs [10, 11,
13-27] and 1 crossover RCT [28] (Fig. 1). The main charac-
teristics of the participants and the interventions used in the
included studies are summarized in Table 1. The number of
participants enrolled in this meta-analysis ranged from 17 to
326. Within each study, the percentage of male participants
varied between 31 and 100%, and the mean age of partici-
pants ranged from 40.3 years to 70 years. Most of the partici-
pants (67%) had a hemoglobin level more than 10 g/dL, and
nearly all of them presented L-carnitine deficiency (serum
free L-carnitine <40 pmol/L) [25]. Eleven studies compared
L-carnitine with matched placebo, and seven studies com-
pared L-carnitine with conventional treatment (only EPO
and/or iron supplementation). The duration of L-carnitine
supplementation was <6 months in six trials and 26 months
in 13 trials. L-carnitine was administered intravenously in
15 trials, and orally administered in the 3 remaining trials.

Study quality and publication bias

Figure 2 represented the quality assessment for the
included studies. Random sequence generation was

)

described adequately in all studies. However, 11 studies
did not report the allocation concealment clearly. Double-
blind design was used in eight studies, whereas single-
blind conditions were employed in two studies. The results
pooled in this meta-analysis were all laboratory measures,
which were less likely to be affected by a non-blind design.
The ESA doses were used to evaluate publication bias,
and no evidence of publication bias was observed in the
included studies (Fig. 3).

Effect of L-carnitine on erythrocyte responsive index

Seven studies with 533 participants described the ERI
information between the L-carnitine group and the con-
trol group. The duration of L-carnitine treatment was more
than 6 months. Compared with the control group, a sig-
nificant reduction in ERI was observed in the L-carnitine
group (MD = —-2.72,95% CI —3.20 to —2.24; P <0.00001;
P= 0%; Fig. 4), and the fixed-effect model was used. Sub-
group analyses showed that no difference in ERI reduction
between oral administration MD = —2.18, 95% CI —3.21
to —1.16, P<0.0001) and intravenous administration
(MD =-2.88, 95% CI —3.42 to —2.33, P<0.00001) in
ERI reduction (Table 2).

Records identified through PUBMED (n=567),
EMBASE (n=600), COCHRANE (n=171) and
additional records indentified through hand
search (n=3) were screened for retrieval

Articles excluded because of duplication

(n=496)

Studies retrieved for more evaluation

(n=845)

Articles excluded after reading titles and
abstracts (n=756)

-- Not human studies; case report; on going;
conference abstract; Review articles; and not
relevant.

nt full-length article
review

Studies excluded (n=71)
-Not appropriate control (n=3)
-Not met inclusion criteria (n=3)

-Not full text (n=3)

-Not RCT (n=3)

-Not available result (n=2)
-Not relevant (n=56)

18 articles underwent meta-analysis
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Fig. 2 Risk of bias graph
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Fig.3 Funnel plot for ESA doses

Effect of L-carnitine on ESA dose

Nine studies with 456 participants reported the required
ESA dose. Compared with the control group, the admin-
istration of the required ESA dose significantly decreased
in the L-carnitine group throughout the study period (MD:
—1.70; 95% CI —2.04 to —1.36; P <0.00001; I*=15%,
Fig. 5), with no significant heterogeneity, and the

fixed-effect model was used. Subgroup analysis indicated
that the effect of L-carnitine on ESA dose reduction was
independent of the duration and route (Table 2).

Effects of L-carnitine on hematological parameters

No significant differences were observed in hemoglobin
(15 trials with 993 participants; MD: 0.18, 95% CI —0.20
to 0.55, P=0.35, I’ =84%, Fig. 6a) and hematocrit (8 tri-
als with 514 participants; MD: 1.07, 95% CI —0.73 to 2.87,
P=0.24, I*=74%, Fig. 6b) between the L-carnitine group
and the control group, with significant heterogeneity,
and the random-effect model were used. To examine the
sources of significant heterogeneity of these two pooled
effects, the analyses were repeated by removing trials one
by one. In each instance, the pooled result and I> were
quantitatively and qualitatively similar. However, the stud-
ies of Cui et al. [16] and Rathod et al. [23] were excluded
as the I? statistic decreased from 84 to 57% and from 74 to
39%, respectively, suggesting that these two trials might
contribute to the heterogeneity. According to the dura-
tion and route of L-carnitine treatment, subgroup analysis
failed to show significant differences in hemoglobin and
hematocrit (Table 2).

L-carnitine

Control

Mean Difference

Mean Difference

Study or Subgroup _Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI

Alattiya 2016 6.39 5.52 67 9.83 104 64 2.8%
Higuchi 2016 69 35 75 89 33 73 19.2%
Kletzmayr 1999 17.2 10 12 164 111 16 0.4%
Maruyama 2017 64 38 30 96 6.5 30 3.2%
Mercadal 2012 -2.98 155 46 -3.94 125 46 0.7%
Singh 2020 1.7 272 20 13.75 3.71 20 57%
Steiber 2006 -1.62 0.91 15 133 0.79 19 68.1%
Total (95% Cl) 265 268 100.0%

Heterogeneity: Chi? = 5.38, df =6 (P = 0.50); I? = 0%
Test for overall effect: Z=11.01 (P < 0.00001)

Fig.4 Forest plot of ERI between L-carnitine group and control group
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Table 2 Subgroup analyses

i Subgroups  No. of trials No. of patients Heterogeneity MD (95% CI) P-value
of L-carnitine on outcomes - -
according to the duration L-carnitine Control (/% P-value)
and route of L-carnitine
supplementation ERI
Route of treatment
Intravenous 4 77 85 0%, P=0.66 —2.88(—3.42,-2.33) P<0.00001
Oral 2 142 137 0%, P=0.36 —-2.18 (=3.21,—1.16) P<0.0001
ESA dose
Duration of treatment
<6 months 3 53 56 0%, P=0.48 —1.20(-2.38,-0.03) P=0.04
26 months 6 171 176 15%, P=0.32 —1.73 (—-2.08,—1.37) P<0.00001
Route of treatment
Intravenous 8 200 205 6%, P=0.38 —1.67 (—-2.01,—1.32) P<0.00001
Oral 1 24 27 - —-3.50(—6.04,-0.96) P=0.007
Hemoglobin
Duration of treatment
<6 months 6 91 93 72%, P=0.003 0.49 (-0.19, 1.17) P=0.16
26 months 9 438 371 86%, P<0.00001 0.02 (—0.40, 0.44) P=0.93
Route of treatment
Intravenous 12 363 300 87%, P<0.00001 0.19 (-0.34,0.72) P=0.49
Oral 3 166 164 0%, P=0.80 0.12 (-0.09, 0.32) P=0.26
Hematocrit (%)
Duration of treatment
<6 months 1 8 7 - —4.00 (—12.67,4.67) P=0.37
26 months 7 282 217 77%, P<0.0001 1.25(—0.58, 3.09) P=0.18
L-carnitine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% ClI
Chazot 2006 -0.21 283 23 -0.03 232 22 51% -0.18[-1.69, 1.33) ?{
Cui 2016 1421 125 78 16.02 1.23 78 76.6% -1.81[-2.20,-1.42) .
Emami 2012 25 4.18 24 6 5.083 27 1.8% -3.50 [-6.04, -0.96] S
Kletzmayr 1999 1265 7.19 12 12.08 8.13 16 04% 0.57 [-5.12, 6.26)
Labonia 1995 3.5 19 13 49 3 1 2.8% -1.40[-3.45, 0.65] e )
Maruyama 2017 408 247 30 6 3.96 30 4.2% -1.92[-3.59, -0.25] -
Semeniuk 2000 8.75 7.09 16 9.13 596 16 0.6% -0.38[-4.92,4.16) s
Steiber 2006 -1.5656 3.385 15 1.266 3.278 19 2.3% -2.82[-5.08,-0.56) -
Vaux 2004 -0.769 1.739 13 0.153 1.772 13 6.4% -0.92[-2.27,0.43] =
Total (95% ClI) 224 232 100.0% -1.70 [-2.04, -1.36] '
Heterogeneity: Chi? = 9.43, df = 8 (P = 0.31); I = 15% - 2 6 20

Test for overall effect: Z = 9.78 (P < 0.00001)

Fig. 5 Forest plot of ESA doses between L-carnitine group and control group

Serum free L-carnitine levels after supplementation

Eleven studies with 715 participants reported the levels of
serum free L-carnitine between 2 groups. Compared with
the control group, plasma free L-carnitine concentration
was increased significantly in the L-carnitine group after
L-carnitine supplementation (MD = 140.53 pmol/L, 95%

@ Springer

Favours [L-carnitine]

Favours [control]

C1102.22-238.05; P <0.00001; I*=99%, Fig. 7) with sig-
nificant heterogeneity, and random-effect model was used.

Adverse effects

The trials enrolled in this meta-analysis did not report adverse

effects.
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A L-carnitine Control Mean Difference Mean Difference
_Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, Random, 95% Cl

Alattiya 2016 1 08 67 109 1 64 8.0% 0.10 [-0.21, 0.41] T

Arduini 2006 1.3 038 13 104 1.2 13 6.2% 0.90 [0.12, 1.68] [T

Brass-A 2001 1 13 28 113 09 28 7.0% -0.30 [-0.89, 0.29] s

Brass-B 2001 1.2 1.07 94 116 13 33 74% -0.40 [-0.89, 0.09] =

Cui 2016 14 12 78 127 13 78 7.7%  -1.30[-1.69,-0.91)] -

Emami 2012 0.7 17 24 03 14 27 58% 0.40 [-0.46, 1.26) =

Fu 2010 99 19 20 85 1.2 20 53% 1.40 [0.42, 2.38] - =

Higuchi 2016 1.1 06 75 11 11 73  81% 0.10 [-0.19, 0.39] T

Maruyama 2017 141 1 30 11 1 30 7.3% 0.10 [-0.41, 0.61] T

Mitwalli 2005 10.3 1.06 18 866 25 13 3.7% 1.64 [0.20, 3.08] -

Rathod 2006 0.89 0.56 10 -0.47 0.77 10 7.0% 1.36 [0.77, 1.95) _

Semeniuk 2000 1149 15 16 119 148 16 51% -0.41[-1.44,0.62) i

Singh 2020 7.72 1.05 20 6.92 0.96 20 6.8% 0.80[0.18, 1.42] il

Steiber 2006 11.9 1.16 15 123 1.31 19 6.0% -0.40 [-1.23, 0.43) ==

Thomas 1999 10.21 1.69 8 11.93 3.27 7 1.6% -1.72[-4.41,0.97]

Vaux 2004 -0.08 09 13 -0.26 0.56 13 7.0% 0.18 [-0.40, 0.76] .

Total (95% Cl) 529 464 100.0% 0.18 [-0.20, 0.55] ?

Heterogeneity: Tau? = 0.43; Chi? = 95.33, df = 15 (P < 0.00001); I* = 84% y - .

¢ A 4 2 0 2 4
Test for overall effect: Z = 0.93 (P = 0.35) Favours [experimental] Favours [control]

B L-carnitine Control Mean Difference Mean Difference
_Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random,95%Cl
Arduini 2006 343 36 13 323 34 13 12.8% 2.00 [-0.69, 4.69] |
Brass-A 2001 328 44 28 339 29 28  1.1% -1.10[-17.43, 15.23)
Brass-B 2001 336 3.12 94 351 42 33 15.8% -1.50 [-3.07, 0.07) ™=
Chazot 2006 325 6.6 23 321 58 22 10.4% 0.40 [-3.23, 4.03] o i
Cui 2016 402 7.8 78 347 59 78 14.2% 5.50 [3.33, 7.67) =
Labonia 1995 291 241 13 279 19 1 15.7% 1.20 [-0.40, 2.80] ™
Mitwalli 2005 325 37 18 30.2 4 13 12.6% 2.30 [-0.47, 5.07] EZN
Steiber 2006 37 2.7 15 377 3.92 19 14.0% -0.70 [-2.93, 1.53] Bl
Thomas 1999 32 8 8 36 9 7 35% -4.00[-12.67,4.67) - =1
Total (95% CI) 290 224 100.0% 1.07 [-0.73, 2.87] ?
Heterogeneity: Tau? = 4.72; Chi? = 31.37, df = 8 (P = 0.0001); I = 74% _2=0 i ;0 3 140 2=0

Test for overall effect: Z = 1.16 (P = 0.24) Favours [L-carnitine] Favours [control]

Fig.6 Forest plot of comparisons in L-carnitine group versus control group. a Hemoglobin level; b hematocrit level

L-carnitine Control Mean Difference Mean Difference
_Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% Cl
Alattiya 2016 1576 54.8 67 256 6.7 64  9.2% 132.00[118.78, 145.22] =
Brass-A 2001 243 76 28 276 11.2 28  8.8% 215.40[186.95, 243.85] -
Brass-B 2001 281.9 166.8 94 276 114 33 8.6% 254.30[220.36, 288.24] kg
Chazot 2006 167.8 69.7 23 253 105 22 8.8% 142.50([113.68, 171.32] =
Fu 2010 1232 16.6 20 306 7.2 20 9.2% 92.60 [84.67, 100.53] =
Higuchi 2016 163 40 73 26 6 73 9.2% 137.00[127.72, 146.28] b
Kletzmayr 1999 423 244 20 327 128 20 9.2% 9.60 [-2.48, 21.68] r
Labonia 1995 2477 815 13 47 113 1 8.2% 200.70 [155.90, 245.50] B3
Mitwalli 2005 512 144 18 20 8.1 13 9.2% 31.20 [23.22, 39.18] =
Steiber 2006 1779 17.8 14 151 14 18  9.2% 162.80[153.45, 172.15] *
Thomas 1999 91.01 47.95 9 1861 377 8 1.7% 72.40[-190.71, 335.51] D
Vaux 2004 200 67 13 -16 26 13 8.5% 201.60[165.15, 238.05] =
Total (95% CI) 392 323 100.0% 140.53 [102.22, 178.85] *

Heterogeneity: Tau? = 4124.45; Chi* = 961.51, df = 11 (P < 0.00001); I* = 99%

Test for overall effect: Z = 7.19 (P < 0.00001) =00 <250 0 F 00

Favours [L-carnitine] Favours [control]

Fig. 7 Forest plot of serum free L-carnitine levels between L-carnitine group and control group

@ Springer



International Urology and Nephrology

Discussion

Our meta-analysis of 18 RCTs assessed the effect of
L-carnitine treatment on renal anemia in patients receiv-
ing maintenance hemodialysis. Compared with placebo or
no therapy, serum free L-carnitine levels were increased
significantly after L-carnitine supplementation. Moreo-
ver, L-carnitine treatment was beneficial in decreasing
ERI and ESA administration but failed to show differ-
ences in hemoglobin and hematocrit levels in patients on
hemodialysis. Subgroup and sensitivity analyses produced
similar results. L-carnitine treatment seemed to be useful
for improving the response to ESA in patients on hemodi-
alysis by maintaining hemoglobin levels and reducing the
required ESA doses, independent of the duration and route
of L-carnitine treatment.

Most maintenance hemodialysis patients suffer from
anemia as a result of iron and EPO deficiency, following
fatigue, depression, reduced exercise tolerance, increased
mortality related to cardiovascular complications, and an
increased risk of hospitalization [29, 30]. The mortality
and hospitalization risk of patients can be reduced by
10-12% for every 1 g/dL increase in mean hemoglobin
level [30]. The introduction of ESA and intravenous iron is
effective in treating renal anemia and avoiding blood trans-
fusions. However, clinical trials have demonstrated that
large doses of ESA are associated with higher risks of all-
cause mortality and cardiovascular disease independently
of hemoglobin, particularly worsening of hypertension.
Zhang et al. [31] showed that using higher ESA doses to
achieve higher hemoglobin appears to increase the risk of
death and cardiovascular outcomes in diabetic hemodialy-
sis patients. A national cohort study that recruited 194,698
hemodialysis patients in Japan also indicated that patients
receiving long-term or high-dose ESA had higher mortal-
ity than those receiving short-term and low-dose ESAs
[32]. In addition, some patients with renal anemia who
respond poorly to ESA have difficulty in reaching the tar-
get hemoglobin level or hematocrit values even with high-
doses of ESA [11]. A decreased hematopoietic response to
ESA is linked to inflammation, malnutrition, cardiovascu-
lar disease, and a greater risk of death in patients on hemo-
dialysis [13]. In the present meta-analysis, ERI and ESA
dose were significantly reduced in the L-carnitine group.

L-carnitine, also called Levocarnitine, is a kind of amino
acid that can transport long-chain fatty acids into the mito-
chondrial matrix to promote lipid metabolism and provide
sufficient energy as a form of ATP [9]. 30% of the patents
develop L-carnitine deficiency during the period with an
onset as early as 3 months after the start of hemodialysis
and increase with the duration of dialysis [12]. After a
dialysis session, the endogenous plasma L-carnitine level
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of patients decreases by approximately 60-70%. Moreover,
reduced L-carnitine intake, poor intestinal absorption, and
impaired L-carnitine synthesis are other causes of L-carni-
tine depletion in hemodialysis patients. These alterations
lead to metabolic disturbances, which might contribute to
the development of various clinical complications, such as
muscle weakness, cardiac dysfunction, malnutrition, lipid
metabolism disorders, anemia, and resistance to EPO in
patients undergoing hemodialysis [33]. In this meta-anal-
ysis, we found that L-carnitine treatment increased plasma
L-carnitine concentrations by 140.53 pmol/L in mainte-
nance hemodialysis patients.

The relationship between L-carnitine and renal anemia
has been studied before ESA therapy was available. Labonia
et al. [21] and Maruyama et al. [11] demonstrated that intra-
venous L-carnitine treatment could improve EPO resist-
ance induced by L-carnitine deficiency in dialyzed patients,
thereby decreasing the ESA doses. In addition, another RCT
revealed that oral L-carnitine supplementation might also
increase hemoglobin levels and reduce EPO requirement
[17]. Although it was recommended to evaluate the clinical
efficacy of L-carnitine every 3 months, a single-blind ran-
domized trial worked by Rathod et al. [23] revealed that
intravenous L-carnitine supplementation at a dose of 40 mg/
kg/week for 8 weeks improved hemoglobin levels in patients
on hemodialysis. The trials included in the current meta-
analysis enrolled long-term hemodialysis participants with
profound L-carnitine deficiencies (serum free L-carnitine
level <40 pmol/L). However, the beneficial effects of L-car-
nitine on improving the response to ESAs was not observed
when the participants were new to hemodialysis (dialysis
duration < 6 months) [12]. Although the patients took the
generally suggested dose of 1 g after each dialysis and were
observed a rapid increase in serum free L-carnitine levels,
there was no difference in ESA response between patients
with high L-carnitine level and those with physiological
level. The main reasons to explain such effects included
a low percentage of patients resistant to ESA and half of
the placebo patients did not present L-carnitine deficiencies
during the study. Additionally, two studies conducted by
Brass et al. [14] and Kletzmayr et al. [20] failed to iden-
tify the effects of difference doses of L-carnitine on hema-
tological parameters. Our subgroup analysis also showed
that the required ESA dose and ERI decreased independent
of the treatment duration. The above evidences indicated
that L-carnitine offered benefits to patients with profound
L-carnitine deficiencies, but may not confirm such an associ-
ation between beneficial effects and the doses of L-carnitine
supplementation.

It should be noted that although no significant differ-
ence was observed in hemoglobin and hematocrit levels
by L-carnitine therapy in the current meta-analysis, ESA
dosing in most included studies changed during the study
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when an alteration of hemoglobin of more than 1 g/dL. In
addition, the participants with baseline hemoglobin levels
higher than 10 g/dL maintained high hemoglobin levels
with reduced ESA doses, and increased hemoglobin or/and
hematocrit concentrations were observed after L-carnitine
supplementation in all trials with the baseline hemoglobin
levels below 8 g/dL [16, 18, 22-24]. Nevertheless, the main-
tenance hemodialysis patients’ ultrafiltration and interdia-
lytic weight gain are the culprit issue of erroneous report-
ing of hemoglobin and hematocrit. The participants in this
meta-analysis underwent regular 4-h hemodialysis sessions
twice or thrice weekly, and some of the trials reported that
the volume of ultrafiltration was determined by clinical dry
weight during each session [11, 13—15, 28]. Moreover, the
generally recommended method to obtain blood samples was
before the start of a hemodialysis session. All of these may
reduce the possibility of mistake data in hemoglobin and
hematocrit levels.

A previous meta-analysis in 2014 also assessed the effects
of L-carnitine treatment on renal anemia in patients receiving
hemodialysis [34]. There were some differences between
the previous study and our present study. First, the previous
study investigated the effect of L-carnitine supplementation
on inflammation, oxidative stress, anemia, lipid profiles,
myocardial function, coagulation function, and quality of life
in hemodialysis patients, whereas the present study focused
on renal anemia, including hemoglobin and hematocrit
levels, the required ESA doses and ERI value. Second, the
study did not support the beneficial effects of L-carnitine on
hemoglobin level (P=0.35) and the ESA doses (P=0.24).
However, our meta-analysis included some new RCTs, and
the results were contrary to the previous finding that L-car-
nitine decreased the required ESA doses. More importantly,
our results indicated that L-carnitine improved the response
to ESA in hemodialysis patients.

This meta-analysis had several limitations. First, only 8
out of 18 trials described the concrete randomized meth-
ods, and 7 studies did not perform a double-blinding design,
which may contribute to the low quality of some trials. Sec-
ond, all included studies reported short-term duration of
L-carnitine treatment (lasting = 1 year), six of which were
less than 6 months. As a result, long-term outcomes such as
mortality and the risk of cardiovascular disease cannot be
evaluated. Third, the heterogeneity reporting hemoglobin
and hematocrit was significantly high, and subgroup analy-
ses failed to decrease the heterogeneity. Part of the reasons
might be due to the substantial differences in races, L-carni-
tine dose, and sample size. Fortunately, the heterogeneity in
these two results were quantitative, not qualitative.

In conclusion, the present meta-analysis indicated that
L-carnitine significantly increased plasma L-carnitine con-
centrations, improved the response to ESA, decreased the
required ESA dose in patients receiving hemodialysis, and

maintained hemoglobin and hematocrit levels. L-carnitine
supplementation should be supported in hemodialysis
patients. However, the relationship between L-carnitine treat-
ment and long-term outcomes is still unclear. Further high-
quality RCTs are needed to verify our findings.
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