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arnitine is absolutely essential for the transport of
long-chain fatty acids into mitochondria, the site
ofβ-oxidation.1 It is also important in the regula-

tion of glucose oxidation through the removal of excess
acyl groups that inhibit several mitochondrial key enzymes,
such as pyruvate dehydrogenase.2 Thus, tissues, especially
the skeletal muscle and myocardium, require carnitine for
the production of energy.3 The congenital disturbance of
fatty acid metabolism with regard to carnitine may cause
chronic cardiomyopathy that is typically hypertrophic with
diminished systolic function.4,5 A carnitine deficiency in
neonates leads to severe heart failure and muscle weak-
ness,6 a condition that is alleviated by the administration of
L-carnitine.

Patients undergoing chronic hemodialysis (HD) have a
carnitine deficiency.7 Consequently, they frequently receive
supplementary L-carnitine, which improves their muscle
power and cardiac function, ameliorates their renal anemia
and lessens their hypotension and muscle cramps during
HD.8,9 The benefit of L-carnitine administration for these
patients’ hearts is especially important because their state
of cardiac function predicts their prognosis.10 We previous-
ly reported that L-carnitine administration ameliorated
myocardial fatty acid metabolism in patients undergoing
HD.11 There were also reports of improvement of cardiac

dysfunction by L-carnitine supplementation, especially in
patients with declined cardiac systolic function or with
symptoms of heart failure;12–15 however, when patients
with normal myocardial function were studied, no benefit
of carnitine was seen.13,16

Left ventricular hypertrophy (LVH) is common and is an
independent predictor of cardiac death in patients undergo-
ing dialysis.17 In these conditions, falls in the contraction
index value are not seen or are mild, but there is expansion
of the ventricular cavity and increased myocardial thickness
and heart weight. The effect of L-carnitine supplementation
on LVH in chronic HD patients with normal systolic in-
dexes is unclear.

Hence, in the present study, we investigated the effect of
L-carnitine supplementation on the cardiac morphology
and function of patients undergoing HD, who have normal
echocardiographic contraction indexes in a case-control
prospective manner. The patients’ dry weight, hematocrit
and blood pressure were stabilized as much as possible so
we could evaluate the direct effect of exogenous L-carnitine
alone.

Methods
Participants

Participants in the study comprised 21 ambulatory
patients (19 men, 2 women) receiving HD at the Kidney
Center of Shinraku-en Hospital. Patients with histories of
ischemic heart disease or valvular heart disease, or with
symptoms of heart failure (NYHA II or more), who re-
ceived nitrate or digitalis were excluded from the study. All
participants’ conditions were stable and they underwent
4–5 h of intermittent HD 3 times a week. The dialysis
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membrane used for HD included semi-synthetic cellulose
triacetate (Nipro, Osaka, Japan) and synthetic membranes:
polysulphone (Fresenius, Bad Hombburg, Germany); poly-
methylmethacrylate (Toray, Tokyo, Japan); and its area
was 1.0–2.0m2. Bicarbonate-based dialysate was used for
dialysis therapy (Kindary AF-2P, Fuso, Japan). Blood flow
of vascular access was 180–200ml/min and dialysis fluid
flux was 500ml/min. Patients’ ages ranged from 25 to 62
(mean 45.8±10.9) years and the duration of HD was 5–17
(mean 12.3±4.2) years. All patients gave their informed
consent before participating in the study. An ethics com-
mittee at the institute approved the protocol. After explain-
ing the purpose of the study, 11 of 21 patients agreed to
participate as the treated group (group A), and the remain-
ing 10 patients, who were not willing to take L-carnitine,
served as the untreated controls (group B). We did not use
a placebo.

We treated 15 patients with recombinant human erythro-
poietin (r-HuEPO) at the study’s inception and administered
r-HuEPO to maintain hematocrit levels from 33 to 36%
throughout the study period, in accordance with DOQI rec-
ommendations. Fourteen patients received antihypertensive
drugs (ie, all were given the same agent and dose) at least
1 year before the commencement of the study and through-
out the study period. Patients were given oral calcitriol sup-
plements, phosphate binders, and intravenous iron supple-
ments when necessary.

Study Design
A dose of 0.5g/day (about 10mg/kg daily) of L-carnitine

(Vitalin Co, Oakdale, CA, USA) was given orally immedi-
ately after HD sessions, which took place 3 times each
week for more than 12 months. We performed general clini-
cal and laboratory measurements and echocardiography at
the study’s beginning and then 12 months later, when the
study ended. Systolic and diastolic blood pressure levels
were measured immediately before each HD session, after
allowing the patient to rest for at least 5min. Blood samples
were obtained from an arteriovenous fistula, immediately
before the dialysis session in the morning. Total serum
carnitine, free carnitine (FC), and acylcarnitine concentra-
tions were determined by the enzymatic cycling method.18

The normal values used here for these levels were as cited
in a previous report.11

Echocardiography was conducted immediately before
the midweek HD session to minimize any influence of the
patient’s hydration state both at the beginning and end of
the study. Echocardiography was prepared using an SSD-
2200 system (Aloka, Tokyo, Japan). The echotracings were
collected by 2-dimensional guided M-mode echocardio-
graphy, according to a widely accepted method.19 All the
patients were examined by the same trained physician, who
was blinded to the documentation of the participants’ clini-
cal characteristics. For each participant, the left ventricular
end-diastolic dimension (LVEDD), left ventricular end-
systolic dimension (LVESD), interventricular septal end-
diastolic thickness (IVS), and left ventricular posterior wall
end-diastolic thickness (PW) were measured. Left ventricu-
lar fractional shortening (LVFS) was calculated as: LVFS
(%)=(LVEDD–LVESD)×100/LVEDD. The normal range
of LVFS was defined as 25–42%. Left ventricular mass
(LVM) was calculated from these measurements using
Devereux’s method20: LVM (g)=1.04×[(LVEDD+IVS+
PW)3 –LVEDD3]–13.6. At echocardiographic examination,
each patient’s body height and weight was measured to cal-

culate body surface area, and LVM was indexed per square
meter of body surface area (ie, LVM index). LVH was
defined as having an LVM index of >134g/m2 for men and
>110g/m2 for women.20 Rescanning of all 11 patients was
performed blindly by an independent sonographer, with the
object of estimating any variation among the investigators.
Pearson’s correlation between the first measurements and
re-measurements, and the mean of the absolute value of
differences between both assessments was r=0.99 and
9.10g/m2 (4.0% of the mean of the measured values) for
the LVM index; and r=0.92 and 1.27% (4.0% of the mean
of the measured values) for LVFS, respectively.

Statistical Analysis
Data were expressed as the mean±SD. Student’s t-test

for paired or unpaired samples was applied for analysis of
the results. A p-value of <0.05 was considered statistically
significant.

Results
Patient Demographics

One patient in group A was excluded from the study be-
cause of an attack of angina pectoris. Others had no cardiac
morbid events and no patient died during the study period.
Table1 lists the patient demographics of those available for
comparison, which comprised 10 who were treated (group
A) and 10 untreated controls (group B). The 2 groups were
similar in age, duration of dialysis, and gender ratio. Anti-
hypertensive agents were given to 6 patients in group A and
8 in group B, and angiotensin-converting enzyme (ACE)
inhibitors were given to 5 patients in group A and 5 in group
B. Two patients from the treated group and 2 from the un-
treated group received angiotensin II receptor blockers
(ARB). No patient received statins. There was no statisti-
cally significant difference for each of the demographic
parameters between groups (Table1).

Clinical and Laboratory Examination
Carnitine Concentration At the beginning of the study,

the 2 groups had similar concentrations of total carnitine
(TC), FC, and acylcarnitine to FC ratio (Table2). In both
groups, the amounts of total and FC were lower than the
previously reported normal range (ie, 58.9±8.6μmol/L and

Group A Group B

Number 10 10
M/F 9/1 9/1
Age (years) 45.7±13.7 46.0±7.8
Duration of HD (years) 12.2±4.5  12.5±4.2
Primary renal disease
    Chronic glomerulonephritis 9 8
    Diabetes mellitus 1 2
Antihypertensives 6 8
    Calcium antagonists 6 6
    ACE inhibitors 5 5
    ARB 2 2
    β-blockers 2 1
r-HuEPO 7 6

Table 1 Demographics of Participants at the Beginning of the Study

Data are mean ± SD.
HD, hemodialysis; Antihypertensives, number of patients taking antihyper-
tensive medication; ACE, angiotensin-converting enzyme; ARB, angiotensin 
receptor blockers; r-HuEPO, number of patients taking recombinant human 
erythropoietin medication.
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49.3±7.7μmol/L, respectively), and the acylcarnitine to FC
ratio was higher than normal (ie, 0.20±0.07). After 12
months of L-carnitine administration, patients’ FC content
increased significantly to 58.5±12.1μmol/L (p<0.0001),
which is similar to normal. Acylcarnitine increased to 36.8±
10.8μmol/L, and the acylcarnitine to FC ratio decreased to
0.63±0.09, which is a significant difference (p<0.01), but is
still higher than normal. The TC and FC of the control
group were not measured at the end of the study.

Clinical and Laboratory Data
Values for hematocrit, parathyroid hormone, albumin,

and Kt/V were similar at the beginning for the study and
control groups. These parameters did not change significant-
ly in either group during the following 12 months. Serum
lipid levels (ie, total cholesterol, triglyceride, and high-
density lipoprotein cholesterol) did not change at the end of
the study. However, quantities of calcium and phosphorus
decreased significantly in group A. The administration of
exogenous calcium bicarbonate, a phosphate binder, was
decreased in group A from 2.96±0.95 to 2.70±0.86g daily,
but did not change in group B (from 2.15±1.02 to 2.15±

1.02g daily). No patient received sevelamer hydrochloride.
The frequency and extent of dialysis treatments were also
basically the same for all patients.

Systolic and diastolic blood pressure levels were aver-
aged for the 3 months before the beginning of the study and
before the study’s end. At the beginning of the study, the
systolic and diastolic blood pressures were slightly higher
than normal, although not significantly, and remained
almost unvaried throughout the study period in group B.
Although, at first, the same dose of r-HuEPO was received
by each group, eventually the dose in group A decreased by
31% compared with that at the beginning. There was no
statistically significant difference for other parameters
between the groups (Table2).

Echocardiographic Parameters
The LVEDD was not different in the 2 groups at any

time during the 12-month study period. Although the PW
was somewhat thicker in group A than in group B when the
study began, the difference was not significant, and even
that thicker dimension decreased significantly by the study’s
end. The body weights of patients in each group remained

Table 2 Clinical and Laboratory Data of Participants at the Beginning and End of the Study

Beginning End

Group A Group B Group A Group B

TC (μmol/L) 49.3±8.2  45.8±10.0       95.3±22.2***
FC (μmol/L) 28.4±4.7  26.2±7.1        58.5±12.1***
AC:FC ratio 0.74±0.11 0.78±0.18   0.63±0.09*
Hematocrit (%) 34.2±4.6  33.0±3.0  34.9±4.5  31.3±3.6  
Calcium (mg/d) 9.97±1.05 9.50±0.69     9.50±1.17** 9.56±0.88
Phosphate (mg/d) 6.05±1.94 6.03±2.29     5.40±1.86** 6.40±1.88
PTH (pg/ml) 18,831±21,175 14,282±12,675 20,726±25,104 15,360±15,580
Total cholesterol (mg/d) 176.7±30.1  179.4±27.2  176.3±28.4  173.8±46.7  
Triglyceride (mg/d) 117.8±38.4  129.5±49.2  120.7±68.5  142.4±100.5
HDL-cholesterol (mg/d) 49.0±10.4 44.9±15.2 49.6±11.3 47.6±11.3
Albumin (g/d) 4.21±0.23 4.13±0.36 4.18±0.31 4.26±0.41
SBP (mmHg) 139.1±18.7  145.0±20.8  136.3±15.2  144.7±12.1  
DBP (mmHg) 79.9±13.6 83.8±16.4 80.8±7.9  84.4±11.3
BW (kg) 55.7±7.4  57.4±9.7  56.3±7.2  57.5±9.5  
DW (kg) 52.4±5.2  54.0±6.2  52.4±5.2  54.0±6.2  
BSA (m2) 1.61±0.15 1.63±0.15 1.61±0.15 1.62±0.15
Kt/V 1.22±0.09 1.17±0.17 1.21±0.11 1.18±0.14
r-HuEPO dose (Units/week) 2,413±2,587 2,325±1,675 1,650±2,174 2,100±1,449

*p<0.01, **p<0.001, ***p<0.0001 within the group. Data are mean ± SD.
TC, total carnitine; FC, free carnitine; AC, acylcarnitine; PTH, parathyroid hormone; HDL, high-density lipoprotein; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; BW, body weight; DW, dry weight; BSA, body surface area; r-HuEPO, recombinant 
human erythropoietin.

Table 3 Echocardiographic Data of Participants at the Beginning and End of the Study

Beginning End

Group A Group B Group A Group B

LVEDD (cm) 5.03±0.65 5.29±0.84 5.00±0.37 5.28±0.90
LVESD (cm) 3.35±0.43 3.39±0.72 3.31±0.39 3.38±0.80
IVS (cm) 1.04±0.17 1.04±0.17 1.00±0.11 1.14±0.34
LVPW (cm) 1.15±0.22 1.05±0.15   1.02±0.12* 1.08±0.17
IVS+LVPW (cm) 2.19±0.35 2.09±0.31 2.02±0.22 2.22±0.48
LVFS (%) 33.2±5.3  36.2±5.0  33.9±4.7  36.6±6.2  
LVM (g) 243.0±34.7  247.8±40.2    217.1±36.8** 270.6±65.9  
LVMI (g/m2) 151.8±21.2  153.3±28.2    134.0±16.0** 167.1±43.1  

*p<0.05, **p<0.01 within the group. Data are mean ± SD.
LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; IVS, interventricular septal end-
diastolic thickness; LVPW, left ventricular posterior wall end-diastolic thickness; LVFS, left ventricular fractional shortening; 
LVM, left ventricular mass; LVMI, left ventricular mass index.
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almost unchanged throughout the study period. Initially,
LVM and the LVM index were alike in the 2 groups, with 8
of 10 group A patients and 7 of 10 group B patients satisfy-
ing the criteria for LVH. Yet, when the study ended, the
LVM index had decreased significantly in group A but not
in group B (Table3).

An analysis of individual data for the LVM indexes of
each group is shown in Fig1. After 12 months of L-carnitine
supplementation, 8 of 10 patients in group A showed a de-
crease in the LVM index. The LVM index remained almost
unvaried in one patient and was slightly increased in another
patient; these values were the smallest in group A and did
not satisfy the criteria of LVH at the beginning of the study.
The LVFS of all patients was within normal range, but was
higher in group B, although not significantly at the begin-
ning of the study and did not change in either group by the
study’s end.

Discussion
In this 12-month study of patients undergoing HD, L-

carnitine supplementation increased the concentration of
FC to normalcy, decreased the acylcarnitine to FC ratio, and
decreased the LVM of those patients with LVH and normal
myocardial contractile indexes. This decrease in LVM was
not accompanied by changes in blood pressure or hemato-
crit.

LVH is common and is an independent predictor of
cardiac death in patients undergoing dialysis.17 It is mostly
attributed to hemodynamic overload caused by arterial
hypertension, uremic anemia, extracellular fluid volume
expansion, and arteriovenous fistula formation.21 Several
additional mechanisms may come into play in the genesis
of LVH, including hyperparathyroidism.22 The LVM index,
which is an appropriate measurement of LVH even in pa-
tients undergoing chronic HD,23 increases not only from
corresponding hemodynamic overload but also from remod-
eling to compensate for decreased myocardial contractility.
That is, when myocardial contractility becomes insufficient
for general circulatory requirements, myocardial stretch in-
creases this function according to Frank–Starling’s law. In

that process, left ventricular dilatation occurs, and the wall
stress is dispersed by myocardial hypertrophy, which is ap-
parent as thickening of the left ventricular wall. In fact, the
degree of LVH in HD patients correlates with the severity
of left ventricular dilatation and also with contractile myo-
cardial failure.24

The characteristic profile of carnitine in patients placed
on long-term HD as therapy for end-stage renal disease is a
moderate decrease of FC and an accumulation of acylcarni-
tine, as seen in the participants described here. Typically,
the decrease in FC concentration results in the disturbance
of fatty acid transport into mitochondria, and the mitochon-
drial accumulation of acyl moieties perturbs key enzymes
of energy production and ATP transport.2,4,5 Paulson reported
that a moderate carnitine deficiency disturbed myocardial
contractility only during situations of high workload; study
models were rats fed pivalate in a long-term study.25 For
patients undergoing long-term HD and, thereby, afflicted
with moderate carnitine deficiency, the heart continuously
operates under a high workload. As a consequence, when
the myocardial contractile reserve decreases, an increase of
LVM must compensate.

After considering this information, we thought that sup-
plementation of L-carnitine would improve myocardial
contractility during dialysis patients’ continuously high
cardiac workload. Upon dissolution of the disturbances in
myocardial metabolism of fatty acid and glucose, their
myocardial energy profile could then return to normal with
a consequent decrease in the excess of LVM that had
compensated for the impaired myocardial contractility. We
found previously that myocardial washout of 123-I labeled
β-methyl-p-iodophenyl-pentadecanoic acid (BMIPP), a
fatty acid analogue used to examine myocardial metabolism,
decreased in patients on long-term HD and was restored by
L-carnitine supplementation.11 The washout of BMIPP
from the heart also decreased after a disturbance of mito-
chondrial carnitine acyltransferase 1 by tetradecylglycidic
acid (TDGA) administration.26 Litwin et al reported that
administration of TDGA induced LVH with storage of
lipids in rat hearts.27 These results indicate that, in patients
undergoing HD, carnitine deficiency disturbs myocardial
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Fig1. The left ventricular mass indexes of patients at the beginning and end of the study.
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fatty acid metabolism and may induce myocardial lipid
accumulation. Therefore, some removal of lipid storage
from myocardial cytoplasm might play an additional role in
decreasing LVM.

Trovato et al reported that long-term supplementation
with L-carnitine improved myocardial contractility and
decreased left ventricular volume accompanied by the
amelioration of uremic anemia.14 Others have noted that dis-
pelling uremic anemia by administration of erythropoietin
reduced LVM;28 hence, the decrease in left ventricular
volume observed by Trovato’s group might be caused by, in
part, by the correction of uremic anemia. Ito et al reported
that anemia can predict the occurrence of heart failure in
patients undergoing HD.29 Although systolic blood pressure
and hemoglobin were the key factors in LVH of patients
treated with ongoing HD,30 these factors did not change in
the patients of the present study, so did not cause a decrease
in LVM. For at least 1 year preceding this study, some of
the participants had received antihypertensive agents such
as ACE inhibitors or ARB, which induce regression of
LVH. However, since our treated and untreated groups
both contained such patients, the observed downturn of
LVM resulted not from ACE inhibitors or ARB but from
L-carnitine. Therefore, a carnitine deficiency is evidently
responsible, at least partially, for the LVH of such patients.
The fact that hypocarnitinemia is a risk factor for the car-
diomegaly of patients in this state31 supports this assump-
tion.

As in a previous study,11 echocardiography revealed no
improvement in myocardial contractility. However, this
technique may not detect moderate deficiencies of carnitine
in terms of myocardial contractility when patients chroni-
cally treated with HD are at rest. This situation is clearly
different from that of a primary carnitine deficiency with a
decrease of FC concentration severe enough to cause myo-
cardial failure4 but amenable to dramatic improvement by
L-carnitine administration.32 In the study of moderate carni-
tine deficiency using rat models given pivalate, myocardial
contractility was maintained by switching the oxidative sub-
strate from fatty acid to glucose.25 The moderate deficiency,
as mentioned above, eventually limited fatty acid oxidation,
decreased ATP production, and induced myocardial con-
tractile disturbance at periods of high workload. The fact that
supplementary L-carnitine improved intradialytic hypoten-
sion and exercise tolerance8 indicates that L-carnitine may
increase the reserve of cardiac performance, because chronic
HD patients endure even higher workloads from circula-
tory instability during HD or exercise.

Study Limitations
First, this study was not carried out in a double-blind

manner, and did not use a placebo. Second, the number of
treated and control patients was small. Hence, a double-
blind study with a larger number of patients is needed to
confirm the results.

In conclusion, L-carnitine supplementation decreased the
LVM of chronic HD patients with normal myocardial sys-
tolic indexes. The decrease was not the result of improved
uremic anemia, but might be caused by improved myo-
cardial energy metabolism. This outcome indicates that a
disturbance of carnitine metabolism may play a role in the
genesis of LVH in these patients, and also demonstrates that
L-carnitine supplementation induces regression of LVH.
This research holds promise as a strategy to prevent cardiac
problems in patients with end-stage renal disease.
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