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Effects of L-Carnitine Supplementation on Muscular Symptoms
in Hemodialyzed Patients
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® Various muscle symptoms are wel| recognized among patients on maintenance hemodialysis. Carnitine defi-
ciency may be an Important factor of dlalysis-assoclated muscie symptoms, whereas high-cose L-carnitine
supplementation may result in unphysiologically high plasma levels of camitine and carnitine estars. We studied
the etfect of low-dose L-carnitine treatment (500 mg/d} on muscie symptoms, plasma carnitine fractions, and lipid
profifas in 30 periodically dialyzed patients with muscular weakness, fatigue, or cramps/aches. After 12 weeks of
L-camhine treatment, about two-thirds of patients had at feast some improvement In muscuiar symptoems, whereas
carmitine fractions were norma! or slightly above normael ranges, but lipid profiles showed no demonstrabia
changes. This study also showed 1he correlation between Plasma-free camnitine deti¢iency and meonths on gialysis.
These results suggest that prolonged low-dose L-carnitine treatment can improve dialysis-sssociated muscls
symptoms by restoring carnitine tissue levels ang washing out acyl moiseties.
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-CARNITINE (y-trimethyl-ammonium-p-
hydroxybutyraic) is a nalural substance whose
main physiological role is to ransport long-chain
fatty acids from the cytoplasm to within the mito-
chondrial matrix for their B-oxidation in various
tissues.' The presence of adequate carnitine concen-
trations in the intrucellular compartment is essential
for normal fany acid metabolism in the human
organism, which preferentiully uscs fatty acids for
primary energy sources. The skeletal muscle and
myocardium display the highest concentrations of
L-carnitine,? but varied pathological siuations de.-
picte the muscle pool of camitine.

It is commonly known thar uremic patients sub-
Jected to periodic hemodialysis often become af-
fected by aches, muscle cramps, and muscular ex-
haustion. These common complaints arc rarely helped
by effective diulysis und can increase acutely during
and after dialysis.' Some reports addressing this
so-called postdialysis syndrome suggest that pertur-
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bation of metabolic balance followed by rapid re-
moval of excessive fluids and urea may lead to
muscle cramps and that the loss of useful substunces
may act on muscie metabolism,

Scveral studies have shown that hemodialyzed
patients exhibit a constant loss of plasma carni-
tine through filtration and that subsequent endog-
cnous biosynthesis does not sufficiently restore
plasma camitine to basal levels** Moreover.
Béhmer et al® found that the muscle carnitine
content after dialysis in hemodialyzed patients
was only 10% of that of normal controls. Under
such background. some groups have reported
beneficial effects of oral supplementation of high-
dose L-caritine (2 g/d) on dialysis-associated
muscle symptoms.”” However. a dual response
(ie, ketogenic and antiketogenic effects) of
I.-camitine supplementation has been clucidated
in rats, and low-dose 1.-carnitine was reported (o
avoid unphysiological high plasma levels of car-
nitine and carnitine esters and prevent antiketo-
genic effects in hemodialysis patients.?

The current study was performed to determine
whether lower-dose L-carmitine treatment (500
mg/d) is sufficient to alleviate dialysis-associated
muscular symptoms and to understand how dos-
agc affects the concentrations of plasma carnitine
fractions and lipid profiles in dialyzed patients.
In addition. the rclation between plasma-free
camnitine deficiency and the length of time on
hemodialysis therapy in a larger series of mainte-
nance hemodialysis putients was explored.
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MATERIALS AND METHODS

Patients

One hundred seven patients from four participating cen-
ters (56 men and 51 women, with a mean age of 59.2 = 129
ycars) with end-stage renal discasc of varying causes were
mvestigated concerning carmitine slatus, Al patients had
been stable on hemodiatysis thrice weekly {4 hours cach
dialysis) for 134 = 88 months and were taking standard
medications, including calcitriol. vitamin D, calcium carbon-
ate, and crythropoictin. Of the 107 patients. 30 patients
(group A; 12 men and 1% women: mean age, 61.9 £ 10.7
ycars: range. 34 10 78 years; ume on dialysis, 138 + 85
months) were randomly selected to perform the L-camitine
treatment study: they were expericncing obvious muscular
symptoms and gave informed consent For our study. We also
randomly seiccted 21 nemodialysis (HD) patients (group B;
@ men and tH women: mean uge. 57.8 & 102 vears; range.
26 to 66 vears: nme on dialvsis, 102 £ 70 months) who
were completely free of muscular symploms, HD therapy in
both groups was churacterized by ulwafiltration control,
bicurbonate-base. celluluse. or cellulose acetste membranes,
Weight reduction rates in ane dialysis session, hematocrit
value, and K/V, which indicates dialysis volume in group A.
were 4.3 £ 2.0%, MR = 4.0%. and 146 = 0.3, respec-
tively. and those in group B were 4.5 * 1.7%. 29.4 + 2.7%,
and 1.3 L 0.2. respectively. and there was no signiticant
difference in these parameters between groups. Throughout
the carnitine treatment study, drug regimens and diet re-
mained unchanged. and no other coincident conditions were
expected to affect muscle funclion,

Design of L-Carnitine Treatment Study

Refire the start of the 1 -eHrmitine treatment| AN pmipntt
with muscular symptoms (group A) had biood drawn imme-
diatcly before and after HD for baseline determination of
serum carnitine fraction and lipid profile. The paticnts were
then given a daily dose of 500 mg oral L.camiline each
morning on nondialysis days or afier dialysis treatment for
12 weeks, L-camitine USP (500 mg vanilla flavored chew-
able wafers) was provided by Vitaline Corporation, Nagoya.,
Jupan. At 2,4, B, und 12 weeks ufier iniliation of treaunent,
each patient was questioned about muscle symptoms (weak-
ness, fatigue, and cramps/aches), and each patient’s blood
sample was abtained to assess the change in carnitine and
lipid profiie.

Plasma Carnitine Assay

Plasma camitine profiles (fres carnitine [FC], acyl carni-
tine |AC], tatal carnitine |TC]) were determined atr Mitsubi-
shi-Kagaku Bio-Clinical Laboratories (Tokyo, Japan), hased
on the method described by Deufel.'® Normal values for
plasma FC, AC, and TC were 36 to 74 pmold., 6 to 23
HmoUL. and 45 to 91 pmol/L, respectively.

Lipid Profile Assay

The plasma lipid profiles were determined after a 12- o
1a-hour fast and performed by Special Reference Laboratory
(Tokyo, Japan). Total cholesterol, triglycerides, and free fatty
acids were assayed by envymatic methods,!- High-density
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lipopeotein (HDIL) chalesterol was analyzed by sclective inhibi-
tion methods.™ Low-density lipoprotein and very-low-density
lipoprotein were assayed by heparin calciumn precipitation meth-
Ods_lj.lh

Assessment of Clinical Status

During the study. special anention was given to symptomatol-
ogy. The 30 patients in group A had been affected by muscular
symptoms for at least 2 months. As a control period, we observed
Lhe symptoms in sach patient for the lust 2 weeks before e sturt
of the camitine yreannent, We found no evident chanpe in the
symptoms in this perod. Each patient was interviewed every
four weeks by a physician, who recorded changes in muscle
weikness, fatigue, and cramps/aches, A rating score of 0to 3 was
used as follows: 0. no improvement; t, ild unprovement; 2,
moderate improvement: 3, marked improvement. The improve-
ment scores were determined by the changes in frequency,
severity. site, and duranon of the symptoms in cach paticnt. The
interviewing physician was the same for the duration of the
study.

Statistical Analvsis

The resulls were expressed as means * SD. Student's
test was wsed to evaluate statistical significance for two
sets of data points. Scheffe's test also was used to analyze

statistically morc than three data points during treatment.
Values of P < (.05 were considered statistically significant.

RESULTS

Relationship Between FC or AC/FC Ratio
and Months on Dialysis

To assess the effect of hemodialysis therapy
on carnitine deficiency in chronic renal failure
patients, the relation between the duration of
hemodialysis (months on dialysis) and plasma
FC levels in 107 patients on hemodialysis was
examined. As shown in Figure 1A, plasma FC
decreased gradually in accordance with months
on dialysis with a significant correlation. AC/FC
ratio was also observed in comparison with
months on dialysis. because an AC/FC ratio of
greater than 0.25 suggests a free camitine insuffi-
ciency.!” The AC/FC ratio was shown to increase
gradually in accordance with months on dialysis,
in contrast with FC levels (Fig 1B). These results
indicate that carnitine depletion could be depen-
dent on the duration of dialysis in CRF patients.

Difference of Carnitine Levels
Between Patients With Muscle Symptoms
and Patients Without Muscle Symptoms

To assess the influence of camitine depletion
on muscle symptoms, we compared plasma FC
levels and AC/FC ratio between patients with
muscle symptoms (group A and paticnts without
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muscle symptoms (group B). We could exclude
the influence of rapid fluid removal and anemia
on muscular symptoms. because therc was no
significant difference of body weight reduction
rates in one dialysis session and hematocrit val-
ues between group A and group B as described in
Materials and Methods. As can be seen in Fig 2,
plasma FC levels in group A were significantly
lower than those in group B (24.4 * 8.5 umol/L
v 28.2 = 6.5 umol/l.), and AC/FC ratio in group
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A was significantly higher than that in group B
(0.84 £ 0.19 v U.64 £ 0.17). These results sug-
gest that various muscle symptoms in mainte-
nance hemodialysis patients may be associated
with free carnitine deficiency.

Effect of Orul Carnitine Treatment
on Dialvsis-Associated Symptoms

Thirty patients with muscle weakness, fatiguc,
or cramps/aches were given L-carnitine (500
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Fig2. Difference of free carnitine lavels (A) and AC/FC ratio (B) between patiants with sympioms (group A) and
patlents without symptoms {(group B). This figure shows the means = SD of data In each group. * denotes P < 0.05
for comparlson with group B. ** denotes P < 0.0005 tor comparison with group B, Statistical significance was

determined by Student's r-test.
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weakness (n=24}

fatigue (n=21)
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cramps/aches (n=17)
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Improvemant In dialyais-assaclated muscle symptoms by oral L-carnitine substitution. (A) Effects on

muscle weakness, tatigue, and cramps/aches after 12 weeks of treatment. (B) Improvement index in muscular
symptoms during the course of the study. Approximately two-thirdg of patlents showed some improvement in each
symptom. improvement was scaled as described In Materials and Methods. * denotes P < 0.005 for comparison with
the bageline; ** denotas P < 0,05 for comparison with the baseline. Statiatical significance was determined by

Scheffe’s tast. 7, None; (3, mild; 53, moderate; &

mg/d orally) for 12 weeks. During the course of
the study, about two-thirds of padents treated
with L-curnitine had at least some improvement
mn muscular symptoms (Fig 3A). This improve-
ment appeared after 4 weeks of L-carnitine
therapy und reached mild or moderate improve-
ment as a whole by the end of the study (Fig 3B),
consistent with the recent report,’

Effect of Oral Carnitine Treatment
on Carnitine Fraction Concentration

The mean predialysis values of FC, AC, TC.
and AC/FC ratio in the recipient patients are

, Marked.

given in Tuble 1. As shown in Fig 4, the mean FC
was lower, TC was borderline. und AC was
normal as compared with the normal ranges at
the onset of the study. A fter 4 weeks of L-camnitine
treatment, predialysis plasma TC. FC, and AC
had increased approximately twofold from each
baseline. The FC, AC, and TC levels appeared o
reach plateaus after 8 1o 12 weeks. Conversely,
postdialysis levels of each carnitine fraction were
reduced significantly compared with respective
predialysis levels, indicating that each fraction
was removed easily throughout one dialysis ses-
sion. Also, predialysis AC/FC ratio, which

Table 1. Predialysis Plasma FC, AC, TC, and AC/FC Ratio Durlng the Course of L-Carnitine Treatmant

Baselina 2 Weaks 4 Weeks 8 Weoks 12 Weeks
Fres carnitine (pmoliL) 239 =84 412 = 17.7 554214 698 + 38.4 718+ 498
Acyl carnitine (umoi/lL.) 193 =55 288 > 101 39.3 = 134 44.3+203 431 £ 247
Total carnitine {umol/L) 432 =128 899 + 266 94,7 + 33.0 1141 + 568 1149 + 740
ACIFC ratio 0.85 = 0.20 073018 0.74 x 0.18 0.68 * 0.18 0.64 + 0.12
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showed significantly elcvated levels at baseline.
tended to decrease gradually with time toward
normalization during the L-camitine treatment
(Fig 4).

Effect of Oral Carnitine Treatment
on Plasma Lipid Profiles

The plasma lipid profiles ate shown in Fig 5.
We compared the values before and after
L-carnitine treatment. There were no significant
differences in cach lipid parameter between at-
the-onset and after-12-weeks of L-carnitine treat-
ment.

DISCUSSION

Ttis now possible to classify carnitine deficiency
INto two categories. Primary camitine deficiency is

characterized as myopathy and cardiomyopathy as-
sociated with lipid accumulation. The acquired fonns
of camitine deficiency are observed in patients with
cardiac ischermnia and chronic hemodialyzed patients.
Hemodialysis is of particular note with chronic pa-
tients, because it induces a substantial loss of carni-
tine from the muscular tissue. The typical plasma
camitinc profiles in patients on chronic dialysis, as
compared with the normal controls, show decreased
FC. normal or subnormal TC.'#1? and significantly
elevated AC/FC ratio, comesponding to our current
data. This study shows that L-camitine deficiency
progresses with months on dialysis. These results
show the importance of L-camnitine supplementation
for dialyzed patients, particularly long-term hemodi-
alysis patients.

Previously, Bellinghieri et al® showed that
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Fig 5. Eftects of L-camitine supplementation on
choleslerol, trigiycerides, lipoproteins, and free fatty
aclds in plasme. There wers no significant differences
between aach lipid paramater at the onset (solld col-
umn) and after 12 weeks (batched column) of
L-carnitine treatment. Data represent meana = SD.
Normal vatues are as follows: total cholesterol, 150 to
216 mg/dL; HDL-cholestarol, 41 to BS (male), 41 to 96
(female) mg/dL; triglycerides, 50 to 149 mg/dL; free
fatty acids, 0.14 to 0.85 mEg/L.

L-camitine therapy (2 g/d) can reduce asthenia
and cramps while increasing blood and muscle
carnitine levels in 14 dialyzed patients. Intrave-
nous L-carnitine trial (20 mg/kg after each dialy-
sis) showed that muscle cramps were reduced
only in the carnitine-treated group, whereas im-
provement in postdialysis asthenia was noticed
in both carnitine and placebo groups.?® Results
showed that lower-dose L-carnitine supplementa-
tion had beneficial effects in postdialysis syn-
drome in a larger series of hemodialyzed pa-
tients. However, a previous report indicated that
oral L-carnitine treatment (2 g/d) had no demon-
strable effect in six hemodialysis patients with
muscle weakness.”! The discrepancy between
our resuits and the above report may be attribut-
able to the difference in the duration of dialysis
or the nurnber of studied subjects. Alternatively,
it might be explained by the difference in the
duration or the carnitine doses.?? Muscle weak-
ness in hemodialysis patients is in fact multifac-
torial. Poor nutrition combined with the cata-
bolic effect of uremia or hemodialysis may lead
to significant weakness. Both myopathy and pe-
ripheral neuropathy are common in hemodialysis
patients. One postulated cause is the presence of
circulating ‘middle molecules’ that are inad-
equately removed by commonly used dialysis
membranes. Furthermore, renal bone disease such
as hyperparathyroidism is known to affect muscle
function.?* Aside from the question of L-carni-
tine as zn ¢ssential dietary constituent, the most
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effective treatment for muscle symptoms is good
nutrition. More ministration in diet should there-
fore be given to hemodialysis patients.

So far, abnormal fatty acid metabolism has
been documented in chronic renal failure, In
healthy individuals, acyl moieties are conjugated
with carnitine, and the resulting acyl carnitine
(AC) is excreted in the urine. With impaired
renal excretion, short- and long-chain AC uaccu-
mulates in the plasma. In the current study,
L-camnitine treatment promoted increased plasma
AC and FC levels. This suggests that the supple-
mented carnitine continues to conjugate the acyl
moieties, and dialyzed patients have an abundant
stock (tissue stores) of acyl moieties. Thus,
L-carnitine therapy in conjunction with dialysis
therapy may act on washing out acyl moieties
that may be harmful to cellular metabolism 24

Carnitine therapy has not resulted in a similar
change in plasma lipids. Some studies have re-
ported a decrease in plasma triglyceride* and
an increase in HDL cholesterol,?” but some inves-
tigators observed no effect or worsening of lipid
profile. 283! Bihles and Akcetin® have shown that
the ketogenic effect of camnitine is dose depen-
dent, and maximal oxidative metabolism of fatty
acids in the rat was achieved with supplementa-
tion of L. -carnitine in small amounts (10 mg/kg/d).
If larpe doses of L-carnitine are substituted,
significant amounts of acyl moieties may be
transported to the cytosol from mitochondria,
resulting in the increased synthesis of trighycer-
ides and the reduction of B-oxidation of fuity
acids (anti-ketogenic etfects). At the completion
of this study, mean FC was normal, and mean TC
was slightly above normal range—marginally
physiological values when compared with some
previous reports,}’22 accounting for no worsen-
ing lipid profile with our trial using 500 mg/d of
L-camnitine.

In conclusion, the study has shown that plasma
free camnitine deficiency is correlated with months
on dialysis, and its low-dose supplementation
had beneficial effects in postdialysis syndrome
with preventing unphysiological high plasma lev-
els of carnitine and negative lipid effects. It is our
opinion that prolonged low-dose L-camnitine treat-
ment can improve muscle symptoms of hemodia-
lyzed patients by restoring carnitine tissue levels
and washing out cumulative acyl moieties.
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