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ABSTRACT. Carnitine deficiency is a commonly observed problem in maintenance hemodialysis (MHD) patients, which results in altered metabolism of fatty acids and subsequently
development of dyslipidemia. To evaluate the effect of oral L-carnitine (LC) supplementation on
lipid profile of adult MHD patients, we studied 30 of them (19 males, 11 females) who received
LC supplementation of 250 mg tablets three times a day for eight weeks. They were compared
with 30 matched patients as a control group. Serum lipid profiles were compared before and after
the intervention between the two groups. There was a significant decrease of the values of the lipid
profile in the intervention group before and after carnitine supplementation including the mean
values of total cholesterol (190 ± 36.8 vs. 177 ± 31.2 mg/dL), triglyceride (210 ± 64.7 vs. 190 ±
54.1 mg/dL) and LDL-cholesterol (117 ± 30.1 vs. 106 ± 26.3 mg/dL), while the values did not
change siginificantly from base line in the control group. However, the difference for HDLcholesterol in intervention group was not statistically significant. None of the patients dropped out
of the study due to drug side effects. Oral LC supplementation (750 mg/day) is able to improve
lipid profile in patients on MHD. Further long-term studies with adequate sample size are needed
to define the population of patients who would benefit more from carnitine therapy and the
optimal dose and the most efficient route for administration of the drug.
Introduction
Dyslipidemia is found in approximately 45 to
50 percent of maintenance hemodialysis
patients (MHD),1 and has been proposed as a
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major cardiovascular risk factor in these patients.2 Carnitine is an important element in the
beta-oxidation of fatty acids and reduces free
fatty acid availability for triglyceride synthesis.3,4 Therefore, its deficiency in MHD patients may worsen the dyslipidemia. Moreover,
in end-stage renal disease (ESRD) there is an
increased demand for free carnitine in response to hypoxemia or acidosis.5
Carnitine deficiency is commonly seen in
MHD patients.5 Carnitine depletion may result
from increased clearance during hemodialysis,
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Table 1. Lipid profile before and after carnitine supplementation.
Total (n = 30 in each group)
Data
TC (mg/dL)
Intervention group
Control group

Before

After

189.8 ±
36.8
195.4 ±
33.2

176.6 ±
31.2
193.2 ±
35.5

209.5 ±
64.7
189.4 ±
40.0

186.8 ±
54.1
193.5 ±
44.9

P

<0.01

Intervention group

Men (n = 19)
Before
After
187.7 ±
38.1

171.2 ±
33.1

208.6 ±
65.9

178.7 ±
50.5

34.4 ±
10.9

35.1 ±
8.6

P
<0.01

Women (n = 11)
Before
After
193.4 ±
36.1

185.9 ±
26.4

211.2 ±
65.6

200.7 ±
59.6

31.8 ±
7.9

32.9 ±
5.7

P

0.32

TG (mg/dL)
Intervention group
Control group

<0.001

<0.01

0.16

HDL-c (mg/dL)
Intervention group

33.4 ± 9.9

Control group

32.5 ± 8.1

34.3 ±
7.6
33.0 ±
7.8

0.26

0.50

0.30

LDL-c (mg/dL)
106.0 ±
112.3 ±
99.8 ±
124.2 ±
116.8 ±
26.3
30.1
27.6
29.9
20.6
<0.01
<0.01
0.20
115.7 ±
Control group
24.9
TC >200 mg/dL (%)
6 (20.0)
8 (42.1)
3 (15.6)
3 (27.3)
3 (27.3)
21
TG >150 mg/dL (%)
27 (90.0)
17 (89.5) 13 (68.4)
10 (90.9)
8 (72.7)
(70.0)
HDL-c >35 mg/dL
16
22 (72.7)
14 (73.7) 10 (52.6)
8 (72.7)
6 (54.5)
(%)
(53.3)
21
LDL-c >100mg (%)
19 (63.3)
12 (63.2) 12 (63.2)
7 (63.6)
9 (81.8)
(70.0)
TC: Total cholesterol, TG: Triglyceride, LDL-c: Low Density Lipoprotein-cholesterol, HDL-c: High Density Lipoproteincholesterol
Intervention group

116.7 ±
30.1
113.7 ±
22.3
11 (36.7)

intestinal malabsorption, increased carnitine
requirements, or reduced renal synthesis.3,6
However, it has been demonstrated that carnitine deficiency will progress in MHD patients
over time.7,8 The results of previous studies
testing the effects of carnitine supplementation
on lipid profile are conflicting.6,9-12 Furthermore, data on the efficacy of oral L-carnitine
(LC) are limited. This study was conducted to
evaluate the effect of oral LC supplementation
on lipid profile of adult MHD patients.
Materials and Methods
In a controlled clinical trial, a total of 30 patients (19 males and 11 females) with ESRD
received carnitine and compared with a matched
control group of 30 patients. All the patients
had moderate levels of dyslipidemia and were
on MHD for at least three months. The dialysis

schedule was 4 hour, 2 times a week, using
bicarbonate-based dialysate. The patients with
hepatic failure or nephrotic syndrome that
might affect lipid metabolism and those who
had been treated with carnitine or other drugs
influencing lipid metabolism, such as β-blockers,
glucocorticoids, or lipid lowering agents during the previous eight weeks were excluded
from the study. The study protocol was approved by the Ethics Committee of Isfahan
University of Medical Sciences and written
informed consent was obtained from all the
participants before inclusion.
To measure the lipid profile, blood samples
were obtained after a 14-hour fasting and before the hemodialysis sessions. Serum cholesterol and triglycerides were measured by the
enzymatic photometric method in the same
laboratory. The study patients were prescribed
LC tablets 250 mg (Carnitine, SHAHRE DARU,
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Tehran, Iran) three times a day for 8 weeks.
The routine regimen of hemodialysis was continued during the study period. After two
months of treatment, the patients were reevaluated for lipid profile with the same methods
and considerations. During the study period,
weekly call visits were performed to evaluate
any adverse effects of treatment.
Statistical Analysis
Data are presented as median, mean (standard
deviation) or frequency (%), as appropriate.
Dyslipidemia was defined as total cholesterol
> 200 mg/dL, triglyceride > 150 mg/dL, LDL
> 100 mg/dL, or HDL < 35 mg/dL. The values
of lipid profile before and after the intervention were compared between the two groups
using independent sample t-test. Proportions of
dyslipidemia before and after the intervention
were compared using McNemar test. The mean
changes of lipid parameters in the intervention
group were compared between men and women
with independent sample t-test. P values of <
0.05 were considered statistically significant.
Results
The mean age of the patients in our study was
56.7 ± 9.4 years (ranged from 21 to 78 years).
The patients were on hemodialysis for 14.9 ±
4.2 months. The mean height and dry weight
of the participants were 161 ± 16.3 cm and
63.2 ± 7.3 kg, respectively. Primary renal disease included diabetes mellitus (24 patients),
hypertension (8 patients), urologic problems
including; obstructive uropathies (8 patients)
and adult polycystic kidney disease (4 patients),
and unknown etiology (16 patients). No significant drug adverse effects were reported and
none of the patients dropped out of the study
due to side effects of carnitine.
The mean values of total cholesterol, triglyceride, and LDL-cholesterol significantly
decreased after the intervention but the difference for HDL-cholesterol was not statistically
significant compared with control group (Table
1). Analyses in patients with low HDL-cholesterol in the intervention group (n = 22) showed

that the mean HDL concentration significantly
increased after LC supplementation; 28.6 ± 4.6
vs. 30.0 ± 4.6 mg/dL (P<0.001). The proportion of patients with low HDL-cholesterol decreased after the study period as well. Expectedly, the proportion of patients with high total
cholesterol or hypertriglyceridemia decreased
after the intervention period (Table 1). Further
analyses showed that the mean decreases in
serum concentrations of total cholesterol, triglyceride, and LDL-cholesterol in men were
slightly more than women in the intervention
group, but the differences were not statistically
significant (P>0.05).
Discussion
The results of previous studies on the effect
of carnitine supplementation on lipid profile in
dialysis patients are conflicting and there is no
consensus in this regard. A meta-analysis by
Massy et al,13 on up to 25 trials on carnitine
showed that it could decrease cholesterol and
triglycerides and increase HDL, but had no
effects on LDL and thus carnitine could be
considered as a therapeutic option in hemodialysis patients.13 A systematic review and metaanalysis by Hurot et al,6 on 482 patients in 18
clinical trials, however, concluded no significant effect of carnitine on triglycerides, total
cholesterol, or its fractions. This meta-analysis
does not recommend routine carnitine supplementation in hemodialysis patients and suggests performing further studies to clarify the
problem. The observed heterogeneity in previous studies could be explained by large variances in sample size, methods of analyses,
baseline lipid levels, duration of treatment, and
dosage and/or route of administration.14
It has been reported that a low dose of intravenous carnitine (<5 mg/kg) significantly improves lipid profile,15 while a dose of 20 mg/kg
intravenously after each session of hemodialysis showed no effect.16 High levels of carnitine may stimulate fatty acid (and hence triglyceride) synthesis rather than oxidation, which
could explain the dose-dependent effects of
carnitine. On the other hand, oral carnitine has
limited bioavailability, thus higher doses are
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required to achieve a therapeutic effect.17 Comparable to prior reports,18 our study demonstrated that an oral dose of 750 mg/day (approximately 12 mg/kg) LC significantly improves
lipid profile of patients without any significant
adverse effects. Noteworthy, it has been
reported that patients may tolerate high doses
of LC (up to 15 mg/day) with no major side
effects,14 which is in support of our findings.
Who benefits from carnitine supplementation? Plasma and tissue concentrations of carnitine are poorly correlated,19,20 and carnitine
deficiency in muscle might be present in spite
of normal plasma levels.21,22 Thus, it has been
suggested that serum carnitine levels may not
reliably predict which group of MHD patients
benefits from carnitine supplementation. Furthermore, routine tissue measurement is too
invasive and expensive. Consequently, further
clinical trials are needed to obtain a practical
approach in order to define those patients who
may benefit from carnitine supplementation.23
We did not measure carnitine plasma levels,
therefore we were not able to evaluate the
association of plasma or muscle carnitine levels and efficacy of carnitine supplementation.
Free carnitine levels are known to be increased during the first two months of supplementation and stabilize thereafter, and longer
follow-ups may be required to assess the
replenished tissue carnitine stores and detect a
clinical effect. Accordingly, the short observation period was a limitation for this study.
We conclude that orally administered LC
(750 mg/day) is able to improve lipid profile in
patients on MHD. Further long-term studies
with adequate sample size are needed to define
the population of patients who would benefit
more from carnitine therapy, and to define the
optimal dose and the most efficient route of
administration.
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