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Abstract
Background: Some patients with liver cirrhosis have sleep-wake disturbance and reduced quality of life
(QOL). However, the effects of L-carnitine on QOL and sleep-wake disturbance have not been extensively
studied. Thus, we aimed to examine the effects of L-carnitine on the sleep quality and QOL in cirrhotic
patients.

Methods: We investigated 19 cirrhotic patients (age: 65.0±10.2 years, male:female=10:9, Child-Pugh
score: 6.5±1.8) treated with 1500-mg L-carnitine at Nagasaki University Hospital and its associated
hospitals. We used questionnaires to evaluate the patients’ sleep-wake disturbance and QOL at the time
of entry and 8 weeks.

Results: Cirrhosis-related symptom scores (CSSs), Pittsburgh Sleep Quality Index (PSQI) and General
Health (GH) of QOL score improved with L-carnitine treatment (CSS: from 11.5±9.4 to 9.4±3.7, p=0.015;
PSQI: from 9.6±5.8 to 7.4±3.3, p=0.035; GH: from 33.5±8.2 to 38.3±9.8, p=0.05). L-carnitine treatment
reduced PSQI in 12 out of 14 patients with sleep disturbance (PSQI>5). CSS was improved in 12 cases
(63%), and PSQI was improved in 13 cases (68%). However, L-carnitine treatment did not improve daytime
hypersomnolence, as evaluated by the Epworth Sleepiness Scale. None of patients had any adverse
events related to the L-carnitine treatment.

Conclusions: L-carnitine is a safe and useful treatment for cirrhotic patients with reduced sleep quality
and QOL.

Background
Liver cirrhosis (LC) is the end stage of chronic liver disease and is a life-threatening hepatic disorder. The
advancement in medical technologies, including anti-viral or anti-cancer therapies, has prolonged the
survival period of patients with LC.

Patients with LC have various symptoms, such as abdominal fullness, tremor, hepatic encephalopathy,
and jaundice, because of liver function failure and portal hypertension. These symptoms could reduce the
patients’ quality of life (QOL) (1, 2). In addition, these symptoms cause sleep-wake disturbances (2–4).

Sleep-wake disturbance is one of the symptoms of hepatic encephalopathy (3–4). Some studies have
claimed that lactulose and branched-chain amino acid-enriched supplementation improved sleep-wake
abnormalities (3, 5).

L-carnitine (L-beta-hydroxy-gamma-N-trimethyl-aminobutyric acid) is an essential cofactor for β-oxidation
of fatty acids and has a major role in lipid metabolism (6). Supplementation with L-carnitine is effective
in improving symptoms, such as general fatigue, muscle cramps, and hepatic encephalopathy, in cirrhotic
patients (7–9). L-carnitine is expected to improve the QOL and sleep-wake disturbance; however, there are
few reports about the effects of L-carnitine on QOL and sleep-wake disturbance.
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In this study, we examined the effects of L-carnitine on QOL and sleep-wake disturbance in patients with
LC.

Methods
Nineteen patients with LC treated with 1500-mg L-carnitine at Nagasaki University Hospital and its
associated hospitals were enrolled in this study. The patients had hepatocellular carcinoma (HCC) and
were diagnosed with LC based on the clinical and laboratory data or histologic examination �ndings of
liver biopsy specimens. Patients with overt hepatic encephalopathy were excluded in this study. Patients’
clinical characteristic are shown in Table 1. The patients’ QOL and sleep quality were assessed by using a
questionnaire at the time of entry and at 8 weeks.

Table 1
Patients’ clinical characteristics at the

time of entry
Age (years) 65.0 ± 10.2

Sex (male:female) 10:9

Child-Pugh score 6.5 ± 1.8

Total bilirubin (mg/dl) 1.15 ± 0.61

Albumin (g/dl) 3.4 ± 0.72

BUN (mg/dl) 23.8 ± 18.9

Creatinine (mg/dl) 0.84 ± 0.28

Abbreviation: BUN, blood urea nitrogen

This study was conducted in accordance with the provisions of the 1975 Declaration of Helsinki, and the
ethics committee at Nagasaki University Hospital approved this study (Nagasaki University Hospital: No.
16082217). Written informed consent was obtained from each participant.

Questionnaires
We assessed the severity of muscle cramps by using scores of the visual analog scale (VAS). The
cirrhosis-related symptom score (CSS) questionnaire, which we developed, was used to evaluate the
cirrhotic symptoms (10). The Epworth Sleepiness Scale (ESS) was used to evaluate daytime
hypersomnolence (11). Sleep quality was assessed using the Japanese version of the Pittsburgh Sleep
Quality Index (PSQI) (12). Health-related quality of life was evaluated using the Japanese 36‐Item
Short‐Form Health Survey (SF‐36) [version 2; Medical Outcomes Trust (Hanover, NH, USA), Health Lab
(Hanover, NH, USA), QualityMetric (Lincoln, RI, USA), and Shunichi Fukuhara (iHope International; Kyoto,
Japan)] (13)
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Statistical analysis
The paired or non-paired Student’s t test was used to assess the continuous data. Correlations were
determined using Pearson's linear regression analysis. All the P-values were two-sided, and P < 0.05 was
considered to indicate a statistically signi�cant difference. All analyses were performed using SPSS
Statistics (version 20.0, IBM Corp., Armonk, NY, USA).

Results

E�cacy of L-carnitine (Table 2)
Table 2

; The effect of L-Carnitine treatment

  Pre-treatment After 8 weeks P value

albumin 3.48 ± 0.72 3.42 ± 0.72 0.46

T-bil 1.15 ± 0.61 0.95 ± 0.43 0.05

ammonia 93.0 ± 56.6 89.3 ± 60.4 0.83

CSS 11.5 ± 9.4 9.4 ± 3.7 0.01

PSQI 9.6 ± 5.8 7.4 ± 3.3 0.03

ESS 5.8 ± 4.7 4.8 ± 3.3 0.45

Physical component summary 28.5 ± 17.0 32.8 ± 13.4 0.17

Physical functioning 27.4 ± 19.7 31.8 ± 16.1 0.15

Role limitations due to poor physical health 28.0 ± 17.7 36.3 ± 14.5 0.11

bodily pain 43.3 ± 11.7 44.3 ± 12.6 0.75

general health perception 33.5 ± 8.2 38.3 ± 9.8 0.05

Metal component summary 50.4 ± 11.4 49.5 ± 8.3 0.72

Mental health 46.8 ± 13.1 46.4 ± 9.8 0.86

Role Emotional 35.0 ± 15.9 36.7 ± 16.9 0.69

Social Functioning 38.3 ± 14.2 44.8 ± 11.7 0.14

Vitality 41.2 ± 11.3 43.5 ± 8.1 0.25

Abbreviation; T-bil, Total bilirubin, CSS, cirrhosis-related symptom score, PSQI, Pittsburgh Sleep
Quality Index, ESS, Epworth Sleepiness Scale
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The VAS score of muscle cramps had reduced signi�cantly from 4.1 ± 3.1 to 2.3 ± 1.8 by 8 weeks of L-
carnitine treatment (p = 0.004). The VAS score of muscle cramps improved in 12 out of 19 cases. CSS
and PSQI also reduced with the L-carnitine treatment (CSS: from 11.5 ± 9.4 to 9.4 ± 3.7, p = 0.015; PSQI:
from 9.6 ± 5.8 to 7.4 ± 3.3, p = 0.035) (Fig. 1A, B). The L-carnitine treatment improved PSQI in 12 out of 14
patients with sleep disturbance (PSQI > 5). CSS was improved in 12 cases, and PSQI was improved in 13
cases. The ESS as well as physical component summary (PCS) and mental component summary (MCS)
of SF-36 did not show signi�cant changes after the 8-week L-carnitine treatment. However, owing to the
limited number of patients with low PCS scores of < 45 (n = 16), L-carnitine was found to signi�cantly
improve the PCS scores (from 23.4. ±12.5 to 32.1 ± 14.5, p = 0.017). General health of PCS also improved
with the L-carnitine treatment (from 33.5 ± 8.2 to 38.3 ± 9.8, p = 0.05).

Signi�cant changes in total bilirubin, albumin, and ammonia levels were not observed.

The correlation of carnitine effect and each clinical factor
The change in the CSS was signi�cantly correlated with the change in PSQI (r = 0.705, p = 0.001) (Fig. 2).

Other factors, including age, body mass index, Child-Pugh score, total bilirubin, albumin, and creatinine, at
the pre-treatment level were not signi�cantly correlated with the change in PSQI and CSS.

Safety
None of the patients showed adverse effects caused by the L-carnitine treatment.

Discussion
This study demonstrated the e�cacy of L-carnitine on sleep-wake disturbance and QOL in patients with
LC. Some previous studies showed that the prevalence of sleep-wake disturbance was higher in LC
patients than in controls (2, 3, 14). The causes of sleep-wake disturbance are related to hepatic
encephalopathy, muscle cramps, melatonin metabolism disturbance, restless legs syndrome, and glucose
level �uctuation (2, 3, 15–18).

Adenosine triphosphate (ATP) reduction, which is as an alteration of energy metabolism, is found in LC
patients (19). ATP reduction may cause general fatigue and muscle cramps. Carnitine converts fatty acid
into energy in the form of ATP (20). Therefore, L-carnitine administration can improve some symptoms,
such as general fatigue and muscle cramps, in cirrhotic patients.

A large Japanese cohort study showed that muscle cramps in�uence the sleep quality in 37.4% of
patients with chronic liver disease (15). Nakanishi et al. described that an 8-week L-carnitine treatment
improved the muscle cramps of patients with LC (9). Therefore, the improvement in muscle cramps can
lead to the improvement in sleep quality.
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L-carnitine treatment also signi�cantly improved the VAS score for muscle cramps and CSS in this study.
The change in CSS was signi�cantly correlated with the change in PSQI. L-carnitine can improve the
patients’ sleep quality by improving some physical symptoms associated with LC.

GH of PCS assessed by SF-36 improved with carnitine. Previous studies reported that muscle cramps
were associated factor of lower general health (1). Therefore, carnitine effect to GH is also due to the
improvement of muscle cramps.

PCS assessed by SF-36 did not improve with carnitine supplementation. However, owing to the limited
number of patients with low PCS of < 45, L-carnitine signi�cantly improved PCS.

In this study, the patients with PSQI of ≥ 6, indicating the presence of a sleep disorder, showed greater
improvement than those without a sleep disturbance. Patients with higher CSS also tend to show a
greater improvement than those with lower CSS. Therefore, L-carnitine tend to be more effective in
patients with greater decline in QOL and sleep quality.

Some previous studies have reported that L-carnitine improved hepatic encephalopathy in an animal
model (21, 22). In fact, L-carnitine treatment reduced the ammonia level and improved hepatic
encephalopathy in cirrhotic patients (7, 8). Hepatic encephalopathy is associated with daytime
hypersomnolence (2, 23). Thus, L-carnitine is expected to improve the daytime hypersomnolence;
however, in our study, the L-carnitine supplementation did not improve the daytime hypersomnolence in
our patients, as evaluated by ESS. In our study, an ESS of ≥ 10, indicating a signi�cant daytime
hypersomnolence, was present in only three out of the 19 patients (15%). The small number of cases with
daytime hypersomnolence can be associated with this result.

In addition, few reports have investigated the adverse effects of L-carnitine (8, 9). In this study, no adverse
events were found in any of the patients

This study has some limitations. The present study included a small number of patients and lacked a
control group. Large-scale randomized controlled studies are needed in the future to validate the e�cacy
of this treatment.

Conclusions
L-carnitine administration can be a useful and safe treatment in cirrhotic patients with sleep disturbance
and reduced QOL.

Abbreviations
QOL, quality of life; CSS, cirrhosis-related symptom scores; PSQI, Pittsburgh Sleep Quality Index; LC, liver
cirrhosis; VAS, visual analog scale; ESS, Epworth Sleepiness Scale; PCS, physical component summary ;
MCS, mental component summary; ATP; adenosine triphosphate
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Figures

Figure 1

(A) The cirrhosis-related symptom score (CSS) before and after the 8-week L-carnitine treatment is
shown. The mean CSS improved signi�cantly from 11.5±9.4 to 9.4±3.7 after the 8-week treatment. (B)
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The Pittsburgh Sleep Quality Index (PSQI) before and after the 8-week carnitine treatment is shown. The
mean PSQI decreased signi�cantly from 9.6±5.8 to 7.4±3.3 after the 8-week treatment.

Figure 2

Relationship between the change in cirrhosis-related symptom score (CSS) (ΔCSS) and change in
Pittsburgh Sleep Quality Index (PSQI) (ΔPSQI). ΔCSS showed a signi�cant correlation with ΔPSQI
(r=0.705, p=0.001).


