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L-Carnitine Suppresses Loss  
of Skeletal Muscle Mass in Patients  
With Liver Cirrhosis
masatsugu ohara,1‡ Koji ogawa,1‡ goki suda,1‡ megumi Kimura,1 osamu maehara,2 tomoe shimazaki,1 Kazuharu suzuki,1 
akihisa nakamura,1 machiko umemura,1 takaaki izumi,1 naoki Kawagishi,1 masato nakai,1 takuya sho,1 mitsuteru natsuizaka,1 
Kenichi morikawa,1 shunsuke ohnishi,1 and naoya sakamoto1

Liver cirrhosis (LC) is a major cause of secondary sarcopenia. Sarcopenia makes the prognosis worse; thus, novel therapeutic 
options for sarcopenia in patients with LC are urgently required as they are currently limited. In this retrospective study, 158 
patients with LC were screened, and 35 of those patients who were treated with L-carnitine for more than 6 months and for 
whom skeletal muscle mass changes could be evaluated by computer tomography were enrolled. Of the 158 patients, 79 pa-
tients who did not receive L-carnitine supplementation served as controls. Cases and controls were propensity score matched 
for age, sex, presence of hepatocellular carcinoma, and branched chain amino acid administration, and changes in skeletal 
muscle mass and clinical data were compared. The 35 patients who received L-carnitine supplementation and 35 propensity 
score-matched patients who did not receive carnitine supplementation comprised the final enrollment. Compared with con-
trol patients, patients who received L-carnitine had significantly worse liver function, which is associated with rapid pro-
gress of skeletal muscle depletion. However, loss of skeletal muscle mass was significantly suppressed in patients receiving 
L-carnitine, and a significant effect was observed in patient subgroups stratified by age, sex, presence of hepatocellular 
carcinoma, and branched chain amino acid administration. The change ratios of most laboratory data, including vitamin D 
and insulin-like growth factor 1 levels, were similar in the two groups, but ammonia levels were significantly less in those 
receiving L-carnitine. However, even in patients receiving L-carnitine but not showing an ammonia decrease, loss of skel-
etal muscle was significantly suppressed. Conclusion: L-carnitine suppresses loss of skeletal muscle mass and may therefore 
be a novel therapeutic option for sarcopenia in patients with LC. (H epatology Communications 2018;2:906-918).

Sarcopenia is defined as skeletal muscle mass 
depletion and a decrease in muscle strength.(1,2) 
These changes are generally observed with aging 

and result in a high risk of falls, disturbance of gait, 

and reduction in the ability to perform activities of 
daily living. Aging negatively affects protein synthe-
sis,(3) and skeletal muscle mass decreases progres-
sively year by year in elderly people. This aging-related 

Abbreviations: 25(OH) vitamin D, 25-hydroxyvitamin D; BCAA, branched chain amino acid; CT, computed tomography; HCC, hepatocellular 
carcinoma; HCV, hepatitis C virus; IGF1, insulin-like growth factor 1; LC, liver cirrhosis; NASH, nonalcoholic steatohepatitis; PMI, psoas muscle 
mass index; SMI, skeletal muscle index.
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sarcopenia is defined as primary sarcopenia. Several 
diseases, including inflammatory disease, malignancy, 
chronic kidney disease, and chronic liver disease, are 
reported to cause secondary sarcopenia.(4) The preva-
lence of sarcopenia in patients with liver cirrhosis (LC) 
is high and is estimated to be around 40%.(5) Because 
hepatocytes perform the central function of glucose, 
lipid, and protein metabolism, dysfunction of the liver 
causes a glycogen storage dysfunction in the liver that 
facilitates the utilization of glycogen and branched 
chain amino acids (BCAAs) from the skeletal muscle, 
resulting in the progression of proteolysis.(6) In addi-
tion, hyperammonemia induced by LC causes high 
concentrations of myostatin, which strongly inhibits 
skeletal muscle synthesis.(7) In patients with LC and 
poor liver function, loss of skeletal muscle mass pro-
gresses more rapidly.(8) Importantly, the complications 
associated with sarcopenia in patients with LC make 
the prognosis worse.(9,10) Thus, reagents that can sup-
press development or progression of mass depletion of 
skeletal muscle or sarcopenia in patients with LC are 
urgently required; however, therapeutic options remain 
limited.(11)

L-carnitine (L-b-hydroxy-g-N-trimethylaminobu-
tyric acid) is an essential nutrient that plays a pivotal 
role in fatty acid metabolism. Carnitine binds to long-
chain acyl-coenzyme A and converts it to acylcarnitine, 
which is transported to the mitochondria. Carnitine is 
absorbed mainly from food; however, one fourth of 
carnitine is synthesized in the kidney and liver. Primary 
carnitine deficiency causes hepatic steatosis, hepato-
megaly, hyperammonemia, skeletal myopathy, and 
 cardiomyopathy.(12,13) Secondary carnitine deficiency 
can cause various disorders, including increased renal 
tubular loss of carnitine (Fanconi syndrome), hemodi-
alysis, a poor diet, and LC.(14)

In Japan, L-carnitine is sometimes prescribed to 
patients with LC, targeting carnitine deficiency. Several 

reports have documented that L-carnitine supplemen-
tation resulted in restoration of hyperammonemia and 
improvements in muscle cramp symptoms in patients 
with LC.(15,16) In addition, supplementation of car-
nitine improved liver steatosis and fibrosis in subjects 
with nonalcoholic steatohepatitis (NASH).(17)

To the best of our knowledge, it remains unclear 
whether carnitine supplementation affects sarcope-
nia and loss of skeletal muscle mass in patients with 
LC. Therefore, in this retrospective propensity score-
matched study, we investigated the effects of carnitine 
supplementation on the loss of skeletal muscle mass in 
patients with LC.

Patients and Methods
stuDy Design anD patients

In this retrospective study, we screened a total of 158 
patients with LC between June 2012 and September 
2017 at Hokkaido University Hospital. Of those, a total 
of 35 patients were treated with L-carnitine supplemen-
tation and were followed for more than 6 months. These 
35 patients met the following inclusion criteria: (i) ini-
tial computed tomography (CT)  conducted in the 100 
days before initiation of L-carnitine  supplementation 
and (ii) subsequent CT scans  conducted at least 6 
months later that enabled evaluation of the change 
in skeletal muscle mass and clinical_parameters. CT 
or magnetic resonance imaging  examinations were 
typically conducted in patients with LC every 6 to 
12 months according to the guidelines of the Japan 
Society of Hepatology.(18) Patients were excluded if 
they did not have adequate clinical information or they 
discontinued L-carnitine supplementation during the 
observational period. In addition, of the 158 patients 
with LC who were screened, 79 patients who did not 
receive L-carnitine supplementation and underwent a 
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paired CT scan during the study period and a second 
CT scan more than 6 months after the initial CT scan 
served as controls. Cases (patients with L-carnitine 
supplementation) and controls were matched for age, 
sex, presence of hepatocellular carcinoma (HCC), and 
BCAA administration, using propensity score match-
ing (Fig. 1). Changes in skeletal muscle mass and clini-
cal data were compared to clarify the effect of carnitine 
supplementation on patients with LC.

In this study, LC was diagnosed by liver biopsy, 
Fibroscan data, or radiologic findings, such as CT or 
magnetic resonance imaging, and laboratory data. The 
study protocol conformed to the ethical guidelines of 
the Declaration of Helsinki and was approved by the 
ethics committee of Hokkaido University Hospital. 
Informed consent was obtained from all participating 
patients. This study was registered at the University 
Hospital Medical Information Network Clinical Trials 
Registry as UMIN000030755.

CalCulation metHoD For 
psoas musCle mass inDeX

Skeletal muscle mass was calculated using the psoas 
muscle mass index (PMI) on CT images. We obtained 

CT images using a multidetector CT scanner (Aquilion 
64; Toshiba Medical Systems, Tochigi, Japan). The 
PMI was calculated as follows: the sum of the L3 level 
cross-sectional area of the right and left psoas muscle 
mass was measured by manual tracing, and this value 
was divided by height squared (cm2/m2).(19) To eval-
uate the monthly change in PMI, Δ PMI/month (%) 
was calculated as follows: Δ PMI/month (%) = ([psoas 
muscle area on the second CT scan – psoas muscle area 
on the initial CT scan]/psoas muscle area on the initial 
CT scan) × 100/interval between CT scans (m).(8)

CliniCal anD laBoratory 
assessment

Patients underwent physical examinations and 
blood tests at least every 3 months. Treatment safety 
and tolerability were monitored at every assessment 
point. Clinical characteristics and laboratory data 
were collected at the start of carnitine supplementa-
tion in patients receiving L-carnitine, at the initial CT 
image conduction point in the control group, and at 
the second CT image conduction point in both groups. 
Clinical data included body mass index (kg/m2), eti-
ology of LC, Child-Pugh grade, presence of HCC, 

FIG. 1. Patient flow chart. Of 
158 patients with LC who were 
screened, 44 were excluded due to 
inadequate clinical information 
or lack of paired CT imaging. 
Thus, 35 patients who were 
administered L-carnitine and 
79 control patients who were not 
administered L-carnitine were 
enrolled. After propensity score 
matching for age, sex, presence 
of HCC, and supplementation of 
BCAAs, 35 patients who received 
L-carnitine supplementation 
were selected as cases and 35 
patients who did not receive 
carnitine supplementation were 
selected as matched controls.
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stage of HCC, and blood test results (white blood cells, 
hemoglobin, platelet counts, prothrombin time, serum 
albumin, ammonia, total bilirubin, aspartate amino-
transferase, alanine aminotransferase, cholinesterase, 
and alpha-fetoprotein). Serum insulin-like growth 
factor 1 (IGF1) and 25-hydroxyvitamin D (25(OH) 
vitamin D) levels were analyzed by immunoradiomet-
ric assay (SRL, Tokyo, Japan).(20)

In addition, because the IGF1 level is affected by 
age and sex, we analyzed it using sex- and age-adjusted 
normalizing z scores according to Lee et al.(21) The 
severity of liver disease was evaluated by the Child-
Pugh score. We monitored the change of concomitant 
drugs during the observational period; this included 
BCAAs, which were administered to patients with 
lower serum albumin levels (<3.5 g/dL) based on the 
judgement of the attending doctor.

Changes in PMI and Δ PMI/month (%) were eval-
uated and compared between patients with L-carnitine 
supplementation and controls. In addition, the changes 
in clinical data, including Child-Pugh score, were 
compared between patients with L-carnitine supple-
mentation and controls.

statistiCal analysis
Continuous variables were analyzed using the paired 

Mann-Whitney U test, and categorical variables were 
analyzed using the Fisher’s exact test. We applied 1:1 
propensity score matching to balance the assignment 
of patients with L-carnitine supplementation; the vari-
ables were age, sex, presence of HCC, and administra-
tion of BCAAs.(22) We selected the variables that affect 
skeletal muscle mass and sarcopenia.(23,24) The model’s 
reliability was measured with the Hosmer–Lemeshow 
test. All P values were two tailed, and the level of sig-
nificance was set at P < 0.05. All statistical data were 
generated using EZR (Saitama Medical Center, Jichi 
Medical University, Saitama, Japan), which is a graphic 
user interface for R(25) or Prism 7.03 (GraphPad 
Software, Inc., La Jolla, CA).

Results
patient CHaraCteristiCs

Of the 158 patients with LC who were screened, 
35 patients taking L-carnitine and 79 control patients 
were enrolled. After propensity score matching for 
age,sex, the presence of HCC, and administration of 
BCAAs, 35 patients who were not taking L-carnitine 

were selected as matched controls. We administered 
L-carnitine to 27, 6, and 2 patients with LC for hyper-
ammonemia, muscle cramp, and for prevention of 
carnitine deficiency due to LC, respectively. After pro-
pensity score matching, the two groups with LC were 
well matched (Table 1); the propensity score derivation 
model was confirmed by the Hosmer–Lemeshow test, 
and the value was not significant (P = 0.65). The base-
line characteristics in patients taking L-carnitine and 
controls are shown in Table 1. Compared with the con-
trols, patients with L-carnitine supplementation had 
significantly worse liver function parameters (higher 
Child-Pugh scores and ammonia levels and lower 
platelet counts, white blood cell counts, prothrom-
bin times, serum albumin levels, hemoglobin levels, 
and cholinesterase levels), which were associated with 
rapid progression of skeletal muscle mass depletion.(8) 
The distribution of LC etiologies was similar in the 
two groups. The average L-carnitine dose during the 
observational period was 1,018 mg/day.

During the observational period, a total of 8 
patients were started on BCAAs (5 patients received 
L-carnitine and 3 controls); however, the total number 
of patients administered BCAAs was still similar in the 
two groups (P = 0.59).

Comparison oF CHange in 
Δ pmi in patients taKing 
l-Carnitine anD Controls

We evaluated the change between the initial and sec-
ond CT scans in the cross-sectional areas of the right 
and left psoas muscles at the L3 level using manual 
tracing.(19) The initial CT scan showed a similar overall 
median value of PMI for the two groups (3.07 [range, 
0.54-6.37] cm2/m2 and 3.36 [0.97-5.13] cm2/m2; P = 
0.37). Median values of PMI in male and female patients 
were similar in the L-carnitine and control groups (P = 
0.45 and P = 0.32, respectively) (Fig. 2A). At the sec-
ond CT scan imaging point, the overall median values 
of PMI were similar in the two groups (2.97 [0.74-5.77] 
cm2/m2 and 3.02 [0.88-4.84] cm2/m2; P = 0.54), and 
the median values of PMI in male and female patients 
were similar in the two groups (P = 0.96 and P = 0.49, 
respectively) (Fig. 2B). However, the median Δ PMI/
month value was 0.27% (range, −6.72%-4.07%) in the 
L-carnitine group and −1.24% (range, −6.26%-4.07%) 
in the control group, and this difference was significant 
(P < 0.01) (Fig. 2C). Likewise, this significant difference 
was observed in male and female subgroups (P = 0.01 
and P < 0.01, respectively) (Fig. 2C).
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stratiFieD analysis oF 
CHanges in pmi

We next conducted stratified analyses to clarify the 
effect of L-carnitine supplementation on PMI reduc-
tion in patients less than 65 years and patients 65 years 
and older. L-carnitine supplementation significantly 
suppressed loss of skeletal muscle regardless of age  
(P = 0.01 in patients <65 years old and P = 0.01 in 
patients ≥65 years old) (Fig. 3A,B).

We also compared patients with and without HCC 
and patients who received BCAA supplementation and 
those who did not. L-carnitine supplementation signifi-
cantly suppressed the loss of skeletal muscle in patients 
with and without HCC (Fig. 3C,D) and in patients 

who received BCAA administration and those who 
did not (P = 0.01) (Fig. 3F). In patients who were not 
receiving BCAA supplementation at baseline, carnitine 
supplementation tended to suppress the loss of skeletal 
muscle (P = 0.08), but the difference was not significant  
(Fig. 3E).

Regardless of whether or not a patient had decreased 
ammonia levels at the second CT scan point (compared 
with the initial level) (Fig. 3G,H), L-carnitine supple-
mentation significantly suppressed progression of skele-
tal muscle loss. Additionally, as shown in Supporting Fig. 
S1, patients with L-carnitine supplementation showed 
significantly less loss of skeletal muscle compared with 
control group patients, regardless of changes in ammo-
nia levels between the initial and second CT points.

taBle 1. Comparison oF Baseline CliniCal anD BioCHemiCal CHaraCteristiCs in 
patients witH l-Carnitine supplementation anD Controls

Variables
Overall

(n = 70)

L-Carnitine Oral 
Administration Group 

(n = 35)

L-Carnitine Nonoral  
Administration Group

(n = 35) P  Value
Age, years 67 (20-87) 67 (20-87) 67 (31-83) 0.38
Sex, male/female 53/17 27/8 26/9 >0.99
Etiology, HBV/HCV/NBNC 19/18/33 8/12/15 11/6/18 0.31
Hepatocellular carcinoma, +/− 35/35 17/18 18/17 >0.99
Stage, I/II/III/IV 11/8/7/8 5/3/3/6 6/5/4/2 0.51
Child-Pugh grade, A/B/C 30/33/7 10/19/6 20/14/1 0.03
Child-Pugh score 7 (5-13) 7 (5-13) 6 (5-10) 0.02
Follow-up period, month 11 (6-20) 11 (7-20) 11 (6-14) 0.34
BCAA at initial point, +/− 45/25 23/12 22/13 >0.99
Addition of BCAA during the 

observational period, +/−
8/17 5/7 3/10 0.41

Total BCAA 53/17 28/7 25/10 0.58
Psoas muscle mass, cm2/m2 M 3.37 (1.20-6.37)

F 2.07 (0.54-4.25)
M 3.15 (1.76-6.37)
F 1.73 (0.54-3.74)

M 3.49 (1.20-5.13)
F 2.15 (0.97-4.25)

M 0.45
F 0.32

Body mass index, kg/m2 24.6 (17.8-35.0) 24.7 (18.3-35.0) 24.6 (17.8-31.2) 0.81
White blood cell,/μL 3,900 (1,200-9,700) 3,600 (2,200-7,000) 4,700 (1,200-9,700) 0.04
NLR 2.18 (0.67-9.00) 2.04 (0.83-9.00) 2.20 (0.67-5.13) 0.77
Hemoglobin, mg/dL 12.5 (6.4-17.40) 11.3 (6.4-17.0) 13.8 (8.5-17.4) 0.01
Platelet counts, ×104 /mm3 8.70 (1.90-26.1) 7.9 (3-18) 11.8 (1.9-26.1) < 0.01
Prothrombin time, % 71.3 (19.5-109.5) 63.7 (23.4-107.8) 78.8 (19.5-98) < 0.01
Serum albumin, g/dL 3.6 (2.0-4.8) 3.4 (2.0-4.4) 3.7 (2.5-4.8) < 0.01
Total bilirubin, mg/dL 1.1 (0.4-5.1) 1.3 (0.4-5.1) 1.0 (0.4-3.2) 0.09
Aspartate aminotransferase, IU/L 35 (14-88) 41.5 (16-88) 32 (14-76) 0.09
Alanine aminotransferase, IU/L 26 (7-67) 27 (8-61) 24 (7-67) 0.46
γ-glutamyltransferase, IU/L 41 (10-350) 36.5 (10-142) 76 (12-350) < 0.01
Ammonia, mg/dL 72 (11-280) 113 (16-280) 46 (11-192) < 0.01
Cholinesterase, IU/L 177 (68-439) 164 (68-305) 229 (95-439) < 0.01
eGFR, mL/minute/1.73 m2 76.3 (38.2-172.1) 75.5 (44.1-143.6) 79.8 (38.2-172.1) 0.89
C reactive protein, mg/dL 0.10 (0.02-2.22) 0.10 (0.02-2.22) 0.08 (0.02-1.91) 0.83
HbA1c, % 5.7 (3.6-9.6) 5.5 (3.6-9.6) 5.8 (4.4-8.9) 0.20
Alpha-fetoprotein, ng/mL 5.7 (1.0-200,115.9) 7.55 (1.0-1,512.7) 4.95 (1.2-200,115.9) 0.14

FIB4-index 5.70 (1.11-26.67) 6.64 (1.11-18.59) 3.27 (1.54-26.67) < 0.01

Data are presented as number of patients or median (range) values.
Abbreviations: eGFR, estimated glomerular filtration ratio; FIB4, fibrosis-4; HbA1c, hemoglobin A1c; HBV, hepatitis B virus; 
NBNC, non-HBV non-HCV; NLR, neutrophil–lymphocyte ratio.

http://onlinelibrary.wiley.com/doi/10.1002/hep4.1207/full
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Comparison oF CHanges 
in laBoratory Data anD 
CliniCal FaCtors in patients 
taKing l-Carnitine anD 
Controls

Clinical factors at the second CT evaluation point 
in patients with L-carnitine supplementation and 
controls are shown in Table 2. Compared to control 
patients, patients with L-carnitine supplementation 
had significantly lower platelet counts, white blood cell 
counts, prothrombin times, serum albumin and hemo-
globin levels, and cholinesterase levels. Ammonia lev-
els were similar (67 [9-349] mg/dL in the L-carnitine 
group and 53 [15-190] mg/dL in the control group;  
P = 0.55) at the second CT evaluation point. Next, 
we compared the changes in laboratory data between 
the initial and second CT points in patients with 
L-carnitine supplementation and controls. Ammonia 
levels were significantly decreased in patients with 

L-carnitine supplementation compared to controls 
(−3.37% and 1.28% in the L-carnitine and control 
groups, respectively; P < 0.01) (Table 3). Oher mea-
surements were not significantly different between the 
two groups.

Comparison oF CHanges in 
Vitamin D anD igF1 in patients 
taKing l-Carnitine anD 
Controls

We subsequently analyzed the change in serum con-
centration of 25(OH) vitamin D and IGF1, both of 
which have been reported to be associated with loss of 
skeletal muscle.(26,27) Baseline IGF1 levels and IGF1 
z scores were lower in patients with L-carnitine sup-
plementation compared to controls (P = 0.08 for IGF1 
levels; P = 0.06 for IGF1 z scores) (Fig. 4). The Δ IGF1 
and Δ IGF1 z scores were not significantly different 
between patients with L-carnitine supplementation and 

FIG. 2. Comparison of PMI and 
Δ PMI/month in patients with 
L-carnitine supplementation and 
controls. (A) Comparison of 
baseline PMI in patients with 
L-carnitine supplementation and 
controls (overall cohort, males, 
and females). (B) Comparison 
of PMI at the second CT 
examination point in patients with 
L-carnitine supplementation and 
controls (overall cohort, males, 
and females). (C) Comparison of 
Δ PMI/month in patients with 
L-carnitine supplementation and 
controls (overall cohort, males, and 
females). Data were analyzed with 
the Mann-Whitney U test, and 
shown as mean ± SD.  Asterisk 
indicates a statistically significant 
difference (*P < 0.05, **P < 0.01).
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FIG. 3. Comparison of Δ PMI/month in patients with L-carnitine supplementation and controls in subgroups stratified according to 
age, presence of HCC, and BCAA supplementation. (A) Comparison of Δ PMI/month in patients with L-carnitine supplementation and 
controls (patients with LC and less than 65 years old). (B) Comparison of Δ PMI/month in patients with L-carnitine supplementation and 
controls (patients with LC and 65 years and older). (C) Comparison of Δ PMI/month in patients with L-carnitine supplementation and 
controls (patients with LC without HCC). (D) Comparison of Δ PMI/month in patients with L-carnitine supplementation and controls 
(patients with LC with HCC). (E) Comparison of Δ PMI/month in patients with L-carnitine supplementation and controls (patients with 
LC not taking BCAA supplementation at baseline). (F) Comparison of Δ PMI/month in patients with L-carnitine supplementation and 
controls (patients with LC taking BCAA supplementation at baseline). (G) Comparison of Δ PMI/month in patients with L-carnitine 
supplementation and controls (patients with LC who did not experience an ammonia decrease). (H) Comparison of Δ PMI/month in 
patients with L-carnitine sup  plementation and controls (patients with LC who experienced an ammonia decrease). Data were analyzed 
with the Mann-Whitney U test, and shown as mean ± SD. Asterisk indicates a statistically significant difference (*P < 0.05, **P < 0.01).
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controls (P = 0.61 and P = 0.80, respectively). Baseline 
levels of 25(OH) vitamin D were significantly lower  
(P < 0.01) in patients with L-carnitine supplementation 

compared to controls, but Δ 25(OH) vitamin D 
did not differ significantly between the two groups  
(P = 0.15).

taBle 2. Comparison oF CliniCal anD BioCHemiCal CHaraCteristiCs in patients witH lC 
witH or witHout Carnitine supplementation at tHe seConD Ct imaging point

Variables
Overall
(n = 70)

L-Carnitine Oral  
Administration Group

(n = 35)

L-Carnitine Nonoral 
Administration Group

(n = 35) P  Value
Psoas muscle mass (at 2nd CT) M 3.25 (1.10-5.77)

F 1.94 (0.74-3.52)
M 3.47 (1.10-5.77)
F 1.97 (0.74-3.52

M 3.22 (1.15-4.84)
F 1.83 (0.88-3.31)

M 0.49
F 0.96

White blood cell count,/μL 4,100 (1,200-12,200) 3,800 (1,900-6,300) 4,400 (1,200-12,200) <0.01
NLR 2.85 (0.59-9.86) 3.10 (0.88-9.86) 2.70 (0.59-8.70) 0.60
Hemoglobin, mg/dL 11.8 (6.7-18.2) 11.2 (6.7-17.3) 12.8 (7.3-18.2) 0.04
Platelet counts, ×104/mm3 9.3 (2.1-31.2) 7.7 (3.2-31.2) 11.1 (2.1-25) <0.01
Prothrombin time, % 70.8 (29.5-106.2) 63 (30-97.6) 74.2 (29.5-106.2) 0.03
Serum albumin, g/dL 3.7 (1.8-4.7) 3.2 (1.8-4.5) 3.8 (2.2-4.7) <0.01
Total bilirubin, mg/dL 1.1 (0.3-4.6) 1.4 (0.3-3.5) 1.1 (0.4-4.6) 0.17
Aspartate aminotransferase, IU/L 34 (12-157) 37 (23-140) 31 (12-157) 0.13
Alanine aminotransferase, IU/L 25 (7-89) 27 (11-65) 22 (7-89) 0.11
γ-glutamyltransferase, IU/L 44 (10-607) 32 (10-588) 80 (12-607) <0.01
Ammonia, mg/dL 53 (9-349) 67 (9-349) 53 (15-190) 0.55
Cholinesterase, IU/L 185 (26-394) 153 (26-281) 204 (99-394) <0.01
eGFR, mL/minute/1.73 m2 72.3 (27.4-176.7) 65.6 (37.4-176.7) 78.3 (27.4-140.9) 0.37
C reactive protein, mg/dL 0.13 (0.02-4.11) 0.22 (0.02-9.58) 0.115 (0.02-2.26) 0.51
HbA1c, % 5.8 (3.4-9.2) 5.8 (3.4-9.2) 5.85 (4.6-9.0) 0.39
Alpha-fetoprotein, ng/mL 4.7 (1.0-413503) 7.8 (1.0-38,967.0) 4.0 (1.2-413,503) 0.30

FIB4-index 5.65 (0.73-27.17) 6.69 (0.73-18.77) 3.91 (1.24-27.17) 0.01

Data are presented as number of patients or median (range) values.
Abbreviations: eGFR, estimated glomerular filtration ratio; FIB4, fibrosis-4; HbA1c, hemoglobin A1c; NLR, neutrophil–lymphocyte ratio.

taBle 3. Comparison oF CHanges in BioCHemiCal proFiles anD CliniCal FaCtors in 
patients witH lC witH or witHout l-Carnitine supplementation

Variables
Overall
(n = 70)

L-Carnitine Oral  
Administration Group

(n = 35)

L-Carnitine Nonoral  
Administration Group

(n = 35) P  Value
White blood cell count, /μL 0.00 (−3,400-7,400) −1,000 (−3,400-2,100) 1,000 (−1,900-7,400) 0.16
NLR 0.06 (−7.19-7.24) 0.06 (−7.19-7.24) 0.11 (−0.80-5.26) 0.47
Hemoglobin, mg/dL −0.40 (−4.70-5.80) 0.00 (−4.70-5.80) −0.70 (−4.10-3.90) 0.20
Platelet counts, ×104/mm3 0.10 (−15.00-7.80) 0.20 (−4.90-6.10) 0.10 (−15.00-7.80) 0.44
Prothrombin time, % −1.45 (−35.3-27.1) −2.7 (−27.0-39.0) 0.70 (−35.3-27.1) 0.54
Serum albumin, g/dL 0.00 (−1.30-1.40) −0.05 (−1.30-1.40) 0.00 (−1.10-1.00) 0.94
Total bilirubin, mg/dL −0.1 (−3.8-1.8) −0.1 (−3.8-1.8) −0.1 (−0.5-1.4) 0.83
Aspartate aminotransferase, IU/L 1 (−55-98) 1 (−55-93) 1 (−27-98) 0.70
Alanine aminotransferase, IU/L 0 (−27-55) 0.50 (−27-39) −1.0 (−24-55) 0.49
γ-glutamyltransferase, IU/L −1 (−222-546) −1 (−115-546) −1 (−222-430) 0.82
Ammonia, mg/dL −9 (−146-146) −31 (−146-146) 6 (−88-115) <0.01
Cholinesterase, IU/L −5.5 (−130-68) −2 (−66-51) −8 (−130-68) 0.78
eGFR, mL/minute/1.73 m2 −1.3 (−65.4-33.1) −2.3 (−65.4-33.1) −0.4 (−31.2-23.0) 0.35
C reactive protein, mg/dL 0.00 (−1.65-4.05) 0.00 (−1.65-4.05) 0.00 (−1.63-1.07) 0.15
HbA1c, % 0.0 (−2.1-2.9) 0.2 (−2.1-1.7) 0.0 (−2.1-2.9) 0.29
Alpha-fetoprotein, ng/mL −0.25 (−1,434.1-213,387.1) −0.35 (−1,434.1-37,454.6) −0.05 (−11.0-213,387.1) 0.48

FIB4-index 0.08 (−5.53-16.18) −0.11 (−5.53-6.81) 0.12 (−2.80-16.18) 0.56

Data are presented as number of patients or median (range) values.
Abbreviations: eGFR, estimated glomerular filtration ratio; FIB4, fibrosis-4; HbA1c, hemoglobin A1c; NLR, neutrophil–lymphocyte ratio.
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Discussion
Liver cirrhosis is one of the major causes of sec-

ondary sarcopenia. Importantly, complications of sar-
copenia make the prognosis worse in patients with 
LC,(9,10) and therapeutic options are still limited. 

Thus, novel therapeutic options for these patients are 
urgently required. In this study, we analyzed the effect 
of L-carnitine supplementation in patients with LC, 
focusing on changes in skeletal muscle mass. Median Δ 
PMI/month values were 0.27% and −1.24% in patients 
with L-carnitine supplementation and propensity 

FIG. 4. Comparison of serum IGF1 and 25(OH) vitamin D levels at baseline and at the second CT examination point and the change 
in IGF1 in patients with L-carnitine supplementation and controls. (A) Comparison of serum IGF1 levels at baseline, at the second 
CT examination point, and Δ IGF1 in patients with L-carnitine supplementation and controls. (B) Comparison of IGF1 z scores at 
baseline, at the second CT examination point, and Δ IGF1 z scores in patients with L-carnitine supplementation and controls. (C) 
Comparison of serum 25(OH) vitamin D 1 levels at baseline, at the second CT examination point, and Δ 25(OH) vitamin D in patients 
with L-carnitine supplementation and controls. Data were analyzed with the Mann-Whitney U test, and shown as mean ± SD. Asterisk 
indicates a statistically significant difference (*P < 0.05, **P < 0.01).
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score-matched controls, respectively, and this differ-
ence was significant (P < 0.01) (Fig. 2C). Although 
patients with L-carnitine supplementation had sig-
nificantly worse liver dysfunction (Table 1), which is 
associated with rapid progression of skeletal muscle 
depletion,(8) loss of skeletal muscle mass was signifi-
cantly suppressed in patients with L-carnitine supple-
mentation. To the best of our knowledge, this is the 
first study to show that L-carnitine supplementation 
has a preventive effect on skeletal muscle depletion in 
patients with LC. Thus, L-carnitine might be a novel 
therapeutic option for sarcopenia in patients with LC.

Several mechanisms are thought to be associated 
with the development of secondary sarcopenia and 
loss of skeletal muscle mass in patients with LC. In 
patients with LC, both suppression of protein synthe-
sis and progress of protein catabolism are thought to 
exist, resulting in loss of skeletal muscle mass. IGF1 
is produced by the liver and is associated with protein 
synthesis. Decreased levels of free IGF1 are some-
times observed in patients with LC,(28) and this is 
suspected to be due to a decrease in the IGF1 pro-
duction ability of the liver and/or growth hormone 
receptors in the liver.(29) In addition, vitamin D defi-
ciency is usually observed in liver disease, especially in 
patients with LC. Vitamin D signaling by the vitamin 
D receptor, which exists in muscle cells,(30) regulates 
myoblast proliferation and differentiation(31) and thus 
decreases IGF1 and vitamin D, which is thought to 
be one of the mechanisms of skeletal muscle deple-
tion in patients with LC. In addition, the liver is the 
central organ involved in the metabolism of glucose, 
lipids, and protein; thus, dysfunction of the liver causes 
protein energy malnutrition.(6) With protein energy 
malnutrition, the liver cannot store enough glycogen, 
and consequently amino acids, including BCAAs, 
and glycogen in the muscle mass are used, resulting 
in skeletal muscle loss and loss of muscle strength.(6) 
BCAAs have strong anabolic effects on protein metab-
olism by increasing protein synthesis and decreas-
ing protein degradation. BCAA deficiency is usually 
observed in patients with LC, resulting in dysfunction 
of protein synthesis. Furthermore, systemic inflam-
mation, including increased radical oxygen species or 
chronic inflammation, is usually observed in patients 
with LC.(32) Elevated radical oxygen species suppress 
protein synthesis, and an inflammatory cytokine, like 
interleukin-6 or tumor necrosis factor alpha, progress 
protein catabolism.(33) In addition, hyperammonemia 
is a major problematic complication in patients with 
LC and could cause hepatic encephalopathy. Increased 

ammonia affects the skeletal muscle and activates 
transforming growth factor beta activated kinase 1, 
resulting in up-regulated expression of myostatin.(11,34) 
Myostatin is a cytokine of the transforming growth 
factor beta family and suppresses synthesis of skeletal 
muscle,(35) resulting in loss of muscle mass. This com-
plex mechanism is thought to be associated with the 
development of sarcopenia and loss of skeletal muscle 
mass in patients with LC; thus, various mechanisms of 
this therapeutic option might be effective.

To date, therapeutic approaches for patients with 
LC and sarcopenia have focused on nutrient supple-
mentation and physical activity; however, these ther-
apeutic approaches have not always been effective.(36) 
Recent studies revealed that BCAA supplementation 
prevented the development of sarcopenia in patients 
with LC.(37) However, novel therapeutic options for 
patients with LC are still required, especially those 
focusing on novel mechanisms, including antioxidants 
and mitochondrial protective agents.(36) This study is 
the first to show the possibility that L-carnitine sup-
plementation can prevent loss of skeletal muscle in 
patients with LC. Stratified analysis revealed that this 
effect was also observed in patients who took BCAAs 
at the initiation point; thus, L-carnitine might have the 
additional effect of preventing loss of skeletal muscle 
even in patients taking BCAAs.

Muscle changes of between −2% and +2% /100 
days were considered “maintenance of tissue” in other 
reports.(8,38) In this study, the median Δ PMI/month 
was −1.24% (range, −6.26%-4.07%) in the control 
group, and these values were nearly equal to −4.1%/100 
days. On the other hand, the mean Δ PMI/month 
value was 0.27% (range, −6.72%-4.07%) in the carni-
tine administration group, and these values were nearly 
equal to 0.9%/100 days. Thus, in the carnitine group, 
the PMI was stable, which is in contrast to the control 
group. The mechanism by which carnitine prevents loss 
of skeletal muscle has not been clarified; however, there 
are several hypotheses. Carnitine plays a central role in 
the transport of long-chain fatty acids from the cytosol 
to the mitochondrial matrix. Carnitine binds to long-
chain acyl-coenzyme A and converts it to acylcarnitine, 
which is transported to the mitochondria and degraded 
by β-oxidation.(39) Thus, deficiency of carnitine causes 
lipid metabolism dysfunction, resulting in hepatic ste-
atosis, skeletal myopathy, and cardiomyopathy.(12,13)

Liver cirrhosis is a major cause of secondary car-
nitine deficiency.(14) Several reports have revealed 
that carnitine supplementation has a positive effect 
on various liver diseases. Carnitine supplementation 
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reportedly improves liver steatosis and fibrosis in 
patients with NASH(17) and decreases alanine ami-
notransferase levels in patients infected with hepati-
tis B virus.(40) In addition, we revealed that carnitine 
supplementation suppresses hepatitis C virus (HCV) 
replication and HCV-induced oxidant stress.(41) 
Importantly, L-carnitine supplementation reduces 
ammonia levels, which is thought to reflect the abil-
ity of L-carnitine to improve hepatic mitochondrial 
function.(42) Similarly, carnitine supplementation sig-
nificantly improved hyperammonemia, as shown in 
Table 3. Hyperammonemia causes elevation of myo-
statin, which strongly suppresses muscle synthesis.(35) 
Thus, ammonia reduction ability might be one of 
the main mechanisms behind the prevention of skel-
etal muscle mass loss in patients with LC. However, 
patients with LC who experienced reduced ammonia 
levels and those who did not benefitted significantly 
from carnitine supplementation, which suppressed the 
loss of skeletal muscle mass (Fig. 3G,H; Supporting 
Fig. S1). Thus, carnitine might have another therapeu-
tic effect other than reducing ammonia levels.

Systemic inflammation with an increase in radi-
cal oxygen species is a cause of skeletal muscle loss in 
patients with LC.(33) Gulçin(43) identified the antiox-
idant activities of carnitine in an in vitro model, and 
Ishikawa et al.(44) used the NASH mouse model to 
show that carnitine reduces oxidative stress by up-reg-
ulating mitochondrial β-oxidation and redox systems 
in the liver. Moreover, we previously reported that car-
nitine supplementation reduced oxidative stress using 
an in vitro HCV infection model. Thus, carnitine had 
antioxidant effects that might protect against skeletal 
muscle loss. In patients with cancer cachexia, in which 
chronic systemic inflammation and increased oxidative 
stress are major pathogeneses and skeletal muscle loss is 
a major feature, carnitine supplementation is effective 
for symptoms of cachexia through anti-inflammatory 
and oxidant effects.(45) In this study, the inflammatory 
parameters, such as the neutrophil–lymphocyte ratio 
and C reactive protein, in patients with L-carnitine 
supplementation without a reduction in ammonia 
tended to decrease compared to controls without 
reduced ammonia (Supporting Table S1). In addition, 
most absorbed or produced carnitine exists in the mus-
cle(46); thus, skeletal muscle is affected by states of car-
nitine deficiency, and several reports have indicated that 
carnitine supplementation may increase skeletal mus-
cle in patients with L-carnitine deficiency.(47) On the 
other hand, carnitine supplementation did not affect 

the change in vitamin D and IGF1 levels, as shown in 
Fig. 4. Thus, combining carnitine with reagents that 
improve IGF1 and vitamin D levels might also be 
effective for preventing progression of skeletal muscle 
mass loss in patients with LC.

There are several methods of calculating skele-
tal muscle mass. The CT-determined skeletal muscle 
index (SMI) is a well-known and established index for 
calculation of skeletal muscle mass(48); however, special 
software is required.(49) In contrast, the measurement 
of PMI does not require any software and is reported to 
be strongly correlated with the SMI.(19,50) In addition, 
we confirmed a significant relationship between SMI 
and PMI in the limited number of patients included in 
this study (Supporting Fig. S2); thus, we used PMI to 
evaluate skeletal muscle mass.

There were several limitations to this study. First, 
this is a retrospective single-center study and the num-
ber of patients was relatively small. The timing of the 
CT examination and indication of L-carnitine admin-
istration were heterogeneous in each case due to the 
retrospective and uncontrolled nature of the study. In 
addition, although propensity matched for age, sex, pres-
ence of HCC, and BCAA administration, the clinical 
backgrounds of patients with L-carnitine supplementa-
tion and controls were significantly different. Carnitine 
patients had more severe liver dysfunction, which pro-
motes loss of skeletal muscle mass.(8) Nevertheless, we 
showed that carnitine supplementation significantly 
protected against loss of skeletal muscle mass. In addi-
tion, the observational period was limited; thus, whether 
preventing the loss of skeletal muscle mass can improve 
overall survival is yet to be clarified, and larger pro-
spective studies with longer observational periods are 
required. In conclusion, this study revealed the poten-
tial of carnitine supplementation as a novel therapeutic 
option for sarcopenia in patients with LC.
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