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Abstract. L‑ca r nitine (4 ‑N‑tr imethylam monium‑3‑
hydroxybutyric acid) is the physiologically active form of carni‑
tine and is a natural compound that has been shown to exhibit
antioxidant activity. L‑carnitine is used as a supplementary
treatment in patients with cirrhosis with hepatic encephalop‑
athy, hyperammonemia or muscle cramps. In the present study,
the effect of L‑carnitine supplementation on health‑related
quality of life in 30 patients with cirrhosis was prospectively
examined. L‑carnitine (1,800 mg/day) was administered orally
for 6 months. To assess the effects of L‑carnitine on chronic
fatigue, patients filled out a self‑report questionnaire regarding
their physical and mental health. The levels of total and free
carnitine, and acylcarnitine were found to be significantly
higher 1, 3 and 6 months after therapy initiation compared
with before treatment. Serum albumin levels were significantly
increased 3 and 6 months after initiation of therapy. L‑carnitine
supplementation significantly increased the BAP/d‑ROM
ratio, a marker of antioxidant status in patients with cirrhosis.
Changes in serum carnitine concentrations were positively
correlated with changes in serum albumin levels (R2=0.369;
P=0.012), but not with changes in serum ammonia levels
(R2= 0.005; P=0.78). Total and mental health scores improved
significantly, and physical scores improved marginally 3 and
6 months after initiation of L‑carnitine. These findings may be
attributed to the enhanced serum albumin levels and oxidative
stress rather than the reduced serum ammonia levels. Based
on these results, it is suggested that L‑carnitine can potentially
alleviate chronic fatigue, along with the increased BAP/d‑ROM
ratio, which were involved in increased oxidative stress in
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patients with cirrhosis. The specific mechanisms by which
L‑carnitine ameliorates chronic fatigue is not fully understood
and requires further investigation.
Introduction
L‑carnitine (4‑N‑trimethylammonium‑3‑hydroxybutyric acid),
the biologically active form of carnitine, is synthesized from the
essential amino acids, methionine and lysine in certain organs,
including the liver (1). Serum L‑carnitine concentration varies
according to the tissue type (2), nutritional status (3,4) and the
quality of the foodstuff (5). L‑carnitine regulates the cellular
process of generating energy by transferring acyl groups from
the cytoplasm to the mitochondrial matrix for β‑oxidation (6).
L‑carnitine deficiency has been demonstrated to reduce the
availability of energy in the liver and is associated with impair‑
ments in various aspects of energy metabolism, including
utilization and accumulation of carbohydrate and lipids in liver
cirrhosis (7,8). Several studies have described the ability of
L‑carnitine to reduce serum ammonia concentration in clinical
trials (9,10). L‑carnitine supplementation also reduces the rate of
loss of muscle mass (11) and muscle cramps (12) in patients with
liver cirrhosis. Intravenous L‑carnitine prevents the recurrence
of overt hepatic encephalopathy in patients with decompensated
cirrhosis (13). Recently, a meta‑analysis showed that L‑carnitine
administration produces favorable effects based on the levels of
biochemical markers in patients with cirrhosis (14). Furthermore,
its adverse effects are minimal, but may include abdominal pain,
nausea, diarrhea and a fishy smell emanating for the patient (15).
To the best of our knowledge, there are no studies which have
addressed the effect of L‑carnitine on health‑related quality of
life in patients with cirrhosis. The aim of the present study was to
evaluate the effects of L‑carnitine on chronic fatigue in patients
with cirrhosis through the use of self‑report questionnaires.
Materials and methods
Patients. The present study was designed as a clinical trial
to prospectively assess the effect of L‑carnitine supple‑
mentation on chronic fatigue in patients with cirrhosis. The
diagnosis of cirrhosis was based on histological examination
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Figure 1. Schematic of the study protocol. Of the 41 prospective patients with cirrhosis, 30 met the inclusion criteria and agreed to participate. Patients were
treated for 6 weeks with 1,800 mg of oral L‑carnitine per day. Blood samples were tested, and patients filled in the Chronic Fatigue Questionnaire 1, 3 and
6 weeks after treatment initiation.

of biopsy specimens, transient elastography, laboratory tests
or imaging findings. Exclusion criteria were evidence of
hepatocellular carcinoma, human immunodeficiency virus
infection, pregnancy or severe cardiac, pulmonary, or renal
diseases. A total of 41 patients with cirrhosis who visited the
Department of Gastroenterology in Bellland General Hospital
(Osaka, Japan), were asked to participate between April and
September 2013 (Fig. 1). Of the 41 patients, 8 patients were
excluded as they met at least one of the exclusion criteria, and
3 patients refused to participate; thus, a total of 30 patients were
enrolled in the present study. The recruited cohort consisted of
30 patients (median age 69 years; age range, 43‑78 years) with
19 (63.3%) men and 11 (36.7%) women. Patients took 600 mg
(as two 300 mg tablets) of levocarnitine chloride (L‑carnitine;
Otsuka Pharmaceutical Co., Ltd.) three times a day (total daily
dose, 1,800 mg) for 6 months. Blood samples were collected
before treatment and 1, 3 and 6 months after L‑carnitine
supplementation was initiated, to measure the concentrations
of several biochemical parameters, free and total carnitine,
and acylcarnitine levels. Multiple factors affect the accuracy of
ammonia levels. The patients were told not to exercise or smoke
cigarettes 12 h before the fasting blood test was performed.
The level of fasting venous ammonia was measured. The
blood samples were immediately placed on ice after collection
and was centrifuged within 15 min of collection, as described
previously (16). None of the patients recruited in the final

cohort were prescribed either cyanide, carbamazepine, valproic
acid or iron, which can cause secondary hyperammonemia as
a result of disruption of mitochondrial pathways (17,18). The
initial version of Child‑Pugh score, included two continuous
variables (bilirubin and albumin) and three discrete (quan‑
titative) variables (ascites, encephalopathy and nutritional
status) (19). The selection of these five variables, as well as the
cut‑off values for bilirubin and albumin were empirical. The
five variables and their respective cut‑off values were arranged
so as to define three distinct groups of increasing severity
(A, B and C). Model For End‑Stage Liver Disease (MELD)
scores had been originally created with the aim of predicting
survival after transjugular intrahepatic portosystemic shunt.
The score (the ancestor of the current MELD score), derived
from a survival function, was calculated as follows: R=0.957
Loge(creatinine [mg/dl])+0.378 Loge(bilirubin [mg/dl])+1.120
loge (P roth rombin Time‑Inter national Nor malized
Ratio)+0.643 (cause of cirrhosis). Before and after L‑carnitine
supplementation, patients were asked to complete the Chronic
Fatigue Questionnaire (20). The severity of fatigue was
reflected in self‑reported ratings, based on daily activities
and was represented by the performance status score (21,22).
Informed consent was obtained from all participants before
the initiation of the study. The present study was approved by
the Human Ethics Review Committee of Bellland General
Hospital (approval no. 2015‑0004) and was performed in
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accordance with the Declaration of Helsinki (23). Subjects
were monitored for safety and tolerance of L‑carnitine during
the course of the study.
Measurement of oxidative stress markers [d‑reactive oxygen
metabolites (ROMs)] and antioxidant capacity [biological
antioxidant potential (BAP)]. Measurement of oxidative stress
markers was performed by measuring oxidative stress in vivo
with simple and accurate tests, d‑ROMs‑derived compounds
and BAP test. The collected samples were immediately centri‑
fuged at 3,000 x g at 4˚C for 10 min to separate the serum.
The separated samples were stored in a freezer at ‑20˚C until
further use. Before the assay was initiated, serum levels of
d‑ROMs and BAP were measured using commercial kits
(Diacron International: Cat. nos. AT3274 and BR4873, respec‑
tively) on an Olympus AU640 (Olympus, Japan) according
to manufacturer's protocol (24). The results of the d‑ROMs
analysis are expressed in Carratelli units (U.Carr), where
1 U.Carr corresponds to 0.8 mg/l H 2O2. The results of the
BAP analysis are expressed in µmol/l of the reduced ferric
ions (25,26). Antioxidant/oxidant (BAP/dROMs) ratio was
calculated to express relative antioxidant capacity.
Chronic Fatigue Questionnaire. Patients' health status
was quantified using the Chronic Fatigue Questionnaire
at four different time points: Before treatment, and 1, 3
and 6 months after the initiation of treatment. All patients
enrolled in the present study completed the Chronic Fatigue
Questionnaire, a 20‑item self‑report questionnaire used to
examine physical and mental functioning, originally produced
by Kuratsune et al (27) and Mizuno et al (28). All items
were scored from 0‑4; the physical health subscale and the
mental health subscale each had 10 items. The physical and
mental health scores reflected the mental and physical fitness
performance, respectively. To calculate the total score, the
scores of each item were added; thus the total score ranged
from 0‑40 points, with higher scores indicating greater fatigue
and/or greater effects of fatigue on quality of life.

3

Table I. Clinical and demographic characteristics of patients
with cirrhosis.
Characteristics
Age, years
Sex, male/female
Etiology, HBV/HCV/Alcohol/Others
Child‑Pugh classification, A/B/C
Aspartate transaminase, IU/l
Alanine aminotransferase, IU/l
Alkaline phosphatase, IU/l
γ‑glutamyl transpeptidase, U/l
Total bilirubin, mg/dl
Blood urea nitrogen, mg/dl
Total cholesterol, mg/dl
Triglyceride, mg/dl
Albumin, g/dl
Platelets, x104/µl
Prothrombin time, %
Ammonia, µg/dl
Total carnitine, µmol/l
Free carnitine, µmol/l
Acylcarnitine, µmol/l

Valuea
71.0±8.4
19/11
2/14/9/5
10/18/2
39.5±21.1
40.2±18.5
230±102
31±30
1.5±0.8
13±10
165±39
90±52
3.3±0.5
11.4±5.5
71.9±15.1
91±52
66.5±12.8
52.4±12.1
14.1±3.7

Data are presented as the mean ± the standard error of the mean.
HBV, hepatitis B virus; HCV, hepatitis C virus.
a

Results

Effects of 6‑month of L‑carnitine supplementation on serum
levels of total carnitine, free carnitine and acylcarnitine. The
levels of total carnitine, free carnitine and acylcarnitine were
significantly higher 1, 3 and 6 months after therapy initiation
compared with before treatment was initiated. The mean
serum levels of total carnitine were 66.1±10.5 µmol/l before
treatment, 108.2±25.2 µmol/l after 1 month of treatment
(P<0.05), 122.0±21.2 µmol/l after 3 months (P<0.05) and
117.2±12.2 µmol/l after 6 months (P<0.05; Fig. 2A). The
mean serum levels of free carnitine were 52.4±9.1 µmol/l
before treatment, 83.8±15.3 µmol/l after 1 month (P<0.05),
93.2±17.1 µmol/l after 3 months (P<0.05) and 87.5±16.2 µmol/l
after 6 months (P<0.05; Fig. 2B). Mean serum levels of
acylcarnitine were 14.1±3.1 µmol/l before treatment,
24.5±10.5 µmol/l after 1 month (P<0.05), 29.1±8.3 µmol/l
after 3 months (P<0.05) and 29.4±8.5 µmol/l after 6 months
(P<0.05; Fig. 2C).

Patient characteristics. The characteristics of the patients are
listed in Table I. The recruited cohort consisted of 30 patients.
The cause of liver disease was hepatitis C viral infection in
14 patients, hepatitis B viral infection in 2 patients, alcohol
abuse in 9 patients, and other disorders, including primary
biliary cholangitis, autoimmune hepatitis and idiopathic causes
in 5 patients. The number of patients with Child‑Pugh classifi‑
cations (19) of A, B and C were 18, 10 and 2, respectively. The
median serum level of ammonia was 91.0±52.0 µg/dl, and that
of albumin was 3.3±0.5 g/dl. No adverse reactions attributable
to L‑carnitine administration were observed.

Effects of 6‑month L‑carnitine supplementation on serum
levels of albumin and ammonia. Serum albumin levels did
not change significantly 1 month after L‑carnitine therapy
was initiated, but they were significantly higher after 3 and
6 months of supplementation compared with before treatment
initiation. Mean serum levels were 3.2±0.5 µg/dl before treat‑
ment, 3.3±0.4 µg/dl after 1 month (P=0.78), 3.4±0.3 µg/dl after
3 months (P<0.05) and 3.6±0.3 µg/dl after 6 months (P<0.05;
Fig. 3A). In all patients, serum ammonia levels did not change
significantly 1 month after L‑carnitine therapy was initiated,
but they were significantly higher 3 and 6 months after therapy

Statistical analysis. Numerical variables were calculated as
the mean ± standard deviations. Quantitative parameters
were compared using a one‑way ANOVA with a post‑hoc
Tukey's tests. Spearman's rank correlation analysis was used
to determine correlations. P<0.05 was considered to indicate a
statistically significant difference. All statistical analyses were
performed using SPSS version 20.0 (IBM, Corp.).
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Figure 2. Changes in carnitine profiles during L‑carnitine supplementation in patients with cirrhosis. After 1, 3 and 6 months of L‑carnitine treatment,
levels of (A) total carnitine, (B) free carnitine and (C) acylcarnitine were significantly higher compared with before treatment. Total carnitine levels were
66.1±10.5 µmol/l before treatment, 108.2±25.2 µmol/l after 1 month, 122.0±21.2 µmol/l after 3 months and 117.2±12.2 µmol/l after 6 months. Free carni‑
tine levels were 52.4±9.1 µmol/l before treatment, 83.8±15.3 µmol/l after 1 month, 93.1±17.1 µmol/l after 3 months and 87.5±16.2 µmol/l after 6 months.
Acylcarnitine levels were 14.1±3.1 µmol/l before treatment, 24.5±10.5 µmol/l after 1 month, 29.2±8.3 µmol/l after 3 months and 29.4±8.5 µmol/l after
6 months. The gray area indicates the physiological range. *P<0.05.

Figure 3. Changes in serum albumin and ammonia levels during L‑carnitine supplementation in patients with cirrhosis. (A) L‑carnitine supplementation for
3 and 6 months significantly increased serum albumin levels: 3.4±0.4 µg/dl (3 months) and 3.4±0.3 µg/dl (6 months). In contrast, there was no significant effect
of L‑carnitine supplementation after 1 month on serum albumin levels: 3.2±0.5 µg/dl before treatment and 3.3±0.4 µg/dl after 1 month (P=0.78). (B) Ammonia
levels were significantly lower after 6 months of L‑carnitine supplementation (56.5±31 µg/dl) compared with before treatment (101±40 µg/dl), and they showed
a trend toward decreasing after 1 month (78±35 µg/dl; P=0.073) and 3 months (80±30 µg/dl; P=0.074) of therapy. *P<0.05.

initiation compared with before treatment initiation. Mean
serum ammonia levels were 101±40 µg/dl before treatment,
78±35 µg/dl after 1 month (P<0.05), 80±30 µg/dl after 3 months
(P<0.05) and 56.5±31 µg/dl after 6 months (P<0.05; Fig. 3B).
Ef fects of 6 ‑month L‑carnitine supplementation on
Child‑Pugh and MELD scores. L‑carnitine supplementation

did not have any significant effect on Child‑Pugh or MELD
scores. The Child‑Pugh score was 7.3±1.4 before treatment,
7.2±1.5 after 1 month (P=0.58), 7.2±1.6 after 3 months
(P=0.38) and 7.2±1.9 after 6 months (P=0.32; Fig. 4A). The
MELD score was 6.6±0.9 before treatment, 6.7±0.9 after
1 month (P=0.32), 6.6±1.1 after 3 months (P=0.74) and
6.8±1.5 after 6 months (P=0.65; Fig. 4B).
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Figure 4. Changes in Child‑Pugh and MELD scores during L‑carnitine supplementation in patients with cirrhosis. L‑carnitine supplementation did not have
any significant effect on Child‑Pugh or MELD scores. (A) Child‑Pugh scores were 7.3±1.4 before treatment, 7.2±1.5 after 1 month, 7.2±1.6 after 3 months and
7.2±1.9 after 6 months. (B) MELD scores were 6.6±0.9 before treatment, 6.7±0.9 after 1 month, 6.6±1.1 after 3 months and 6.8±1.5 after 6 months. MELD,
Model For End‑Stage Liver Disease.

Figure 5. Changes in total scores, physical subscale scores and mental subscale scores on the Chronic Fatigue Questionnaire after L‑carnitine supplementation
was initiated in patients with cirrhosis. (A) Total scores were significantly lower after 3 months (10.3±5) and 6 months (8.74±5) of L‑carnitine supplementation
compared with before treatment (14.7±6), whereas there was no significant change in the total scores after 1 month of therapy (14.5±6). (B) Scores on the
physical subscale showed a decreasing trend 3 and 6 months after therapy initiation: 7.37±4.5 before treatment, 7.27±3.0 after 1 month, 5.17±3.0 after 3 months
(P= 0.057) and 4.37±4.0 after 6 months (P= 0.07). (C) Scores on the mental subscale were significantly lower after 3 and 6 months of therapy: 7.42±3.0 before
treatment, 7.37±3.0 after 1 month, 5.22±3.2 after 3 months and 4.43±3.1 after 6 months. *P<0.05.

Effect of L‑carnitine supplementation on chronic fatigue.
The total scores on the Chronic Fatigue Questionnaire before
treatment and after 1 month of L‑carnitine supplementation
did not differ significantly, but were significantly decreased
after 3 and 6 months. The mean total scores were 14.7±6.0
before treatment, 14.5±6.0 after 1 month (P>0.05), 10.3±5.0
points after 3 months (P<0.05) and 8.74±5.0 after 6 months

(P<0.05; Fig. 5A). On the physical subscale, scores were
significantly decreased 3 and 6 months after therapy initiation;
mean scores were 7.37±4.5 points before treatment, 7.27±3.0
points after 1 month (P>0.05), 5.17±3.0 after 3 months
(P<0.05) and 4.37±4.0 after 6 months (P<0.05; Fig. 5B). On the
mental subscale, the scores were significantly decreased 3 and
6 months after therapy initiation; mean scores were 7.42±3.0
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Figure 6. Correlation of changes in total carnitine levels with changes in serum albumin levels and serum ammonia levels. (A) Changes in serum carnitine
concentrations were positively correlated with changes in serum albumin levels; (B) but not with changes in serum ammonia levels.

before treatment, 7.37±3.0 points after 1 month (P>0.05),
5.22±3.2 after 3 months (P<0.05) and 4.43±3.1 after 6 months
(P<0.05; Fig. 5C).
Correlation of changes in total carnitine levels with changes
in serum albumin levels and changes in serum ammonia
levels. Changes in serum carnitine concentrations were
positively correlated with changes in serum albumin levels
(R2=0.369; P=0.012), but not with changes in serum ammonia
levels (R2=0.005; P=0.78; Fig. 6A and B).
Effects of 6‑month L‑carnitine supplementation on the
d‑ROMs/BAP ratio. L‑carnitine supplementation did not
significantly affect the serum d‑ROM levels after 1 month;
however, serum d‑ROM levels were significantly lower 3 and
6 months after therapy initiation compared with before the
treatment. Mean levels were 246.1±46.2 U.Carr before treat‑
ment, 225.2±50.6 U.Carr after 1 month (P=0.67), 210.9±20.3
U.Carr after 3 months (P<0.05) and 205.8±30.5 U.Carr after
6 months (P<0.05; Fig. 7A). However, L‑carnitine supple‑
mentation did not have any significant effect on serum BAP
levels. Mean levels were 2,100±322 µmol/l before treatment,
2,095±310 µmol/l after 1 month (P=0.52), 2,152±390 µmol/l
after 3 months (P=0.43) and 2,120±385 µmol/l after 6 months
(P=0.28; Fig. 7B). There was no significant effect of L‑carnitine
supplementation after 1 month on the d‑ROMs/BAP ratio, but
the d‑ROMs/BAP ratio was significantly higher 3 and 6 months
after therapy initiation compared with before treatment initia‑
tion. The ratio of d‑ROMs/BAP was 8.5±2.0 before treatment,
9.3±2.2 after 1 month (P=0.21), 10.2±1.9 µg/dl after 3 months
(P<0.05) and 10.3±1.5 after 6 months (P<0.05; Fig. 7C).
Discussion
L‑carnitine is a nutrient prerequisite for energy generation in
vital organs, including the liver, kidneys and brain (29,30).
Carnitine deficiency occurs in various disorders, such as
malnutrition, liver cirrhosis, endocrine disorders and end‑stage
renal disease treated with hemodialysis, all of which are

considered to affect health‑related quality of life (31,32). To the
best of our knowledge, the present study is the first prospective
study to show that 1,800 mg/day L‑carnitine supplementation
for 6 months exhibited favorable effects on chronic fatigue in
patients with cirrhosis. L‑carnitine increased carnitine profiles,
serum albumin levels, the ratio of BAP/d‑ROM and decreased
serum ammonia levels. L‑carnitine increases carnitine palmi‑
toyl transferase activity, which reflects mitochondrial fatty
acid oxidation resulting in increased acylcarnitine levels (33).
As changes in serum carnitine concentrations were positively
correlated with changes in serum albumin levels, but not
with changes in serum ammonia levels, this suggests that
L‑carnitine ameliorated chronic fatigue by attenuating oxida‑
tive stress.
A meta‑analysis revealed that supplemental intake of
4,000 mg L‑carnitine increases serum albumin levels and
ameliorates serum ammonia levels in patients with hepatic
encephalopathy (14). L‑carnitine supplementation reduced
the levels of ammonia in patients with cirrhosis with physi‑
ological blood carnitine levels (34), suggesting that increased
quantities of carnitine is required for patients with cirrhosis
compared with the healthy individuals, and that patients may
have exhibited a relative carnitine deficiency. In contrast,
600 mg oral L‑carnitine daily was reported to counteract the
reduction in serum albumin levels 1 week after transarterial
chemoembolization (TACE) in patients with cirrhosis (35).
These findings suggest that higher doses of L‑carnitine
supplementation may not be necessary for producing the
therapeutic benefits as the homeostatic control of serum
L‑carnitine levels is tight and subtle (15). In the present
study, it was shown that both Child‑Pugh and MELD scores
did not change significantly during the 6‑month follow‑up.
However, L‑carnitine supplementation maintains the levels
of branched‑chain amino acids for albumin synthesis, and
this has been shown to improve Child‑Pugh scores following
TACE (35). The discrepancy may be partly explained by the
differences in patient characteristics between the two studies.
A systematic review and meta‑analysis revealed beneficial
effects of L‑carnitine on serum albumin levels in patients with
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Figure 7. Changes in d‑ROM levels, BAP levels and the BAP/d‑ROMs ratio during L‑carnitine supplementation in patients with cirrhosis. (A) Serum d‑ROM
levels were significantly lower after 3 months (210.9±20.3 U.Carr) and 6 months (205.8±30.5 U.Carr) of L‑carnitine supplementation compared with before
treatment (225.2±50.6 U.Carr). In contrast, there was no significant effect of L‑carnitine supplementation for 1 month on serum albumin levels (246.1±46.2
U.Carr). (B) L‑carnitine supplementation did not have any significant effect on serum BAP levels: 2,100±322 µmol/l before treatment and 2,095±310 µmol/l
after 1 month, 2,152±390 µmol/l after 3 months and 2,120±385 µmol/l after 6 months. (C) The d‑ROMs/BAP ratio was significantly higher after 3 and
6 months of therapy: 8.5±2.0 before treatment, 9.3±2.2 after 1 month, 10.2±1.9 after 3 months and 10.3±1.5 after 6 months. *P<0.05. d‑ROM, d‑reactive oxygen
metabolite; BAP, biological antioxidant potential.

cirrhosis (14). However, L‑carnitine did not increase the serum
albumin levels in patients with nonalcoholic steatohepatitis,
whose serum albumin levels were already relatively high (36).
These data reinforce the fact that L‑carnitine improves serum
albumin levels in patients with cirrhosis, which is frequently
complicated by hypoalbuminemia (37).
The complication of minimal encephalopathy may cause
mental disorders in patients with cirrhosis. Administration
of acetyl‑L‑carnitine, an acetylated form of L‑carnitine
improved the mental status to normal levels and resolved
hyperammonemia in a patient on chronic hemodialysis who
exhibited elevated serum ammonia levels and altered mental
status (38). With acetyl‑L‑carnitine, a significant decrease in
serum ammonia levels was observed in patients with cirrhosis,
along with a significant improvement in mental function (39).
Patients with hepatic encephalopathy treated with L‑carnitine
showed significant improvements with regard to mental
fatigue (40). An intensity‑dependent relationship was found
between ammonia levels and exercise, which suggested
that ammonia accumulation exhibits a pivotal role in both
physical and mental fatigue (41). Malaguarnera et al (42)
demonstrated that in patients with minimal hepatic encepha‑
lopathy, acetyl‑L‑carnitine improved the quality of life by
reducing serum albumin levels. However, L‑carnitine did not

exert considerable effects on ammonia levels 3 months after
L‑carnitine supplementation (42). The causes of differences
in serum carnitine profiles between the studies are unclear.
However, one possible explanation is the differences in the
causes of liver cirrhosis and in the functional reserve capacities
in patients (43,44). Furthermore, in the present study, changes
in total carnitine levels were not significantly correlated with
changes in ammonia levels. These findings suggest that the
favorable effects of L‑carnitine on chronic fatigue in patients
with cirrhosis cannot be attributed to improvements in serum
ammonia levels.
The mechanism underlying the favorable effects of
L‑carnitine on chronic fatigue remain unclear. L‑carnitine
supplementation increases albumin levels in patients with
cirrhosis. Patients receiving L‑carnitine treatment showed
improvements in daily activity performance levels and the
performance efficiency of high‑intensity muscular exercise,
through the regulation of mitochondrial homeostasis (45).
More recent evidence has suggested a close association
between chronic fatigue and oxidative stress (46). In the
present study, it was shown that L‑carnitine supplementa‑
tion increased the BAP/d‑ROM ratio with serum albumin
levels in patients with cirrhosis. Albumin is involved in
several bioactive functions, such as antioxidant activity (47).
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Furthermore, serum albumin reportedly decreased oxida‑
tive stress by inhibiting the activation of nicotinamide
adenine dinucleotide phosphate oxidase in human vascular
smooth muscle (48). In addition, L‑carnitine supplementa‑
tion augmented fat oxidation and energy expenditure during
prolonged exercise, which therefore spares glycogen stores
and delays the onset of fatigue (39). These findings suggest
that L‑carnitine supplementation can potentially ameliorate
chronic fatigue by attenuating oxidative stress (49). However,
the exact mechanisms by which L‑carnitine ameliorates
chronic fatigue requires further investigation.
Several limitations associated with the present study must
be mentioned. First, it was not possible to compare patients
who received L‑carnitine treatment with patients who did
not. Second, the relationship between physical function and
skeletal muscle mass were not assessed, which may explain
the effect of L‑carnitine on sarcopenia. Furthermore, the
sample size was relatively small. A future study with a larger
cohort is required to confirm the results of the present study.
However, the present study is the first prospective clinical
trial in which the beneficial effects of L‑carnitine supplemen‑
tation on physical and mental functional abilities in patients
with cirrhosis and chronic fatigue were assessed through the
use of a self‑report questionnaire. The results showed that
improvement in carnitine profiles were accompanied by
increases in serum albumin levels, but not changes in serum
ammonia levels. This suggests that L‑carnitine ameliorates
chronic fatigue by attenuating oxidative stress. L‑carnitine
alleviated chronic fatigue and increased serum albumin
levels, which are recognized markers of antioxidant status
in patients with cirrhosis. Nevertheless, larger studies are
required to evaluate the effects of carnitine on health‑related
quality of life in patients with cirrhosis and investigate the
exact mechanisms by which L‑carnitine ameliorates chronic
fatigue.
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