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Abstract

Background: L-carnitine supplementation has been suggested to
show several favorable effects on patients with liver cirrhosis (LC).
However, there have been no reports regarding the effect of L-carni-
tine on energy metabolism in patients with LC using indirect calorim-
etry which is a well-established method for assessing the degree of
liver malnutrition. We examined the effect of L-carnitine in patients
with LC on energy metabolism using indirect calorimetry.

Methods: A total of 13 LC patients who are scheduled to be treated
with L-carnitine (1,800 mg/day) were analyzed in this study. None of
the patients previously received L-carnitine. An evaluation of the nu-
tritional status was performed at the initiation of L-carnitine therapy
and after 4 weeks of L-carnitine therapy. We evaluated the effect of
L-carnitine on the nutritional status and energy metabolism by com-
paring various clinical variables at these two time points. In addition,
the changes in the nutritional status of the patients were also evalu-
ated using indirect calorimetry.

Results: After 4 weeks of L-carnitine treatment, for all cases, the mean
substrate oxidation rates of carbohydrate (%C) increased from 37.6% to
48.2%, the mean substrate oxidation rates of fat (%F) decreased from
40.2% to 31.9% and the mean substrate oxidation rates of protein (%P)
decreased from 22.2% to 19.9%. In a subgroup analysis of patients with
baseline non-protein respiratory quotient (npRQ) < 0.85, the mean %C
increased from 15.3% to 34.2%, the mean %F decreased from 59.9%
to 45.1%, and the mean %P decreased from 24.8% to 20.6%. After 4
weeks of L-carnitine treatment, for all cases (n = 13), the mean value of
npRQ increased in comparison with the baseline levels, although the dif-
ference was not significant (0.868 = 0.060 vs. 0.838 + 0.097, P =0.19).
Conversely, in patients with baseline npRQ < 0.85, the npRQ value
significantly increased after 4 weeks treatment of L-carnitine compared
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with the baseline levels (0.827 £ 0.030 vs. 0.760 & 0.043, P = 0.016).

Conclusion: L-carnitine supplementation can be useful for improv-
ing energy metabolism, especially in patients who have an advanced
LC status and lower baseline npRQ values.

Keywords: Liver cirrhosis; L-carnitine; Indirect calorimetry; Non-
protein respiratory quotient; Energy metabolism

Introduction

The liver is the major organ for the metabolism of three major
nutrients: protein, fat, and carbohydrates [1-3]. Liver cirrho-
sis (LC), which develops over a long period of time due to
chronic inflammation such as hepatitis virus infection, is fre-
quently complicated with protein-energy malnutrition (PEM)
[1, 2,4, 5]. PEM is one of the most common complications in
LC patients and it is closely associated with a high morbidity
and mortality in patients with LC [1, 2, 4, 5].

Carnitine (B-hydroxy-y-N-trimethylaminobutyric acid) is
widely distributed in food from animal sources. In humans,
75% of carnitine is obtained from the diet [6]. L-carnitine (4-N-
trimethyl ammonium 3-hydroxybutyric acid; the biologically
active stereoisomer), which is involved in -oxidation of fatty
acids, is a conditionally synthesized nutrient from amino acids
methionine and lysine in the brain, liver and kidney [6-8]. It is
largely obtained from meat and dairy products [6-8]. Carnitine
is responsible for transporting fatty acids into the mitochondria
and it is involved in energy production by fat burning associated
with B-oxidation [6, 9]. L-carnitine is a derivative with high bio-
activity in carnitine derivatives [9, 10]. L-carnitine is a required
nutrient in energy production and its deficiency is known to de-
crease energy availability in vital organs, especially in the liver
[8, 11]. Carnitine deficiency has been demonstrated to be linked
to LC [11, 12]. The administration of L-carnitine has been sug-
gested to be a safe alternative treatment for LC patients. In the
field of clinical practice, Malaguarnera reported that LC patients
treated with L-carnitine showed greater reductions in serum
ammonia levels as well as improvements in neuropsychologi-
cal functioning in comparison with placebo [13]. On the other
hand, Nakanishi et al demonstrated in their prospective study
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Table 1. Changes of Parameters Before and After 4 Weeks of L-Carnitine Therapy (n = 13)

Variables Baseline At 4 weeks P value®
Total carnitine (umol/L) 71.0 + 14.7 105.5+30.0 <0.001
Free carnitine (umol/L) 54.5+13.8 77.9 £23.1 <0.001
Acyl carnitine (umol/L) 16.5+3.9 27.6+9.0 <0.001
Non-protein respiratory quotient 0.838 +0.097 0.868 + 0.060 0.19
Rest energy expenditure (kcal/day) 1,402.4 +239.1 1,379.9 £265.3 0.33
%C 37.6 +30.0 48.2+1823 0.12
%F 40.2 £26.6 31.9+23.7 0.20
%P 222+153 19.9+159 0.48
Free fatty acid (LEq/L) 669.6 + 198.1 846.2+192.5 0.003
Total cholesterol (mg/dL) 171.8 +43.3 177.2+45.5 0.16
Triglyceride (mg/dL) 66.1 +£25.3 70.4 +33.8 0.19
Body weight (kg) 62.7+13.6 63.0+13.8 0.09
Serum albumin (g/dL) 3.22 +0.50 3.29 £ 0.58 0.32
Serum prealbumin (mg/dL) 9.85+£2.74 10.12+3.33 0.41
BCAA to tyrosine ratio 3.16 £ 0.87 335+1.14 0.49
Fasting blood glucose (mg/dL) 111.5+19.2 113.2+£19.2 0.57
IRT (WU/mL) 14.6 +10.2 121+7.5 0.17
HOMA-IR 3.97+2.75 3.36 £2.04 0.23
Serum ammonia (pg/dL) 65.8 £49.1 61.4+454 0.53

Data are presented as mean * standard deviation. %C: substrate oxidation rates of carbohydrate; %F:
substrate oxidation rates of fat; %P: substrate oxidation rates of protein; BCAA: branched chain amino acid;
IRI: immune reactive insulin; HOMA-IR: homeostasis model assessment-insulin resistance. @2Paired t-test.

that L-carnitine reduces muscle cramps in LC patients [14].

Indirect calorimetry is a well-established method for as-
sessing the degree of liver malnutrition as it provides non-pro-
tein respiratory quotients (npRQ) and rest energy expenditure
(REE) as useful markers to estimate energy metabolism [15].
Particularly, LC patients with npRQ of less than 0.85 had a sig-
nificantly poorer survival as compared with those with npRQ
of 0.85 or more [15]. Energy metabolism in patients with LC
is characterized by increased energy consumption compared
with healthy individuals, even at rest [15]. However, to the
best of our knowledge, there have been no reports regarding
the effect of L-carnitine on energy metabolism in patients with
LC using indirect calorimetry. In the present study, we exam-
ined the effect of L-carnitine in patients with LC on energy
metabolism using indirect calorimetry.

Patients and Methods
Patients

A total of 14 LC patients who were scheduled to be treated
with L-carnitine between December 2014 and February 2015
at the Division of Hepatobiliary and Pancreatic Disease, De-
partment of Internal Medicine, Hyogo College of Medicine,
Hyogo, Japan, were enrolled in this study. None of the patients
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previously received L-carnitine. LC was diagnosed using labo-
ratory parameters or radiological findings. Among the patients,
one patient developed rupture of esophageal varices after reg-
istration in this trial and was excluded from the current analy-
sis. Thus, a total of 13 patients were analyzed in this study.

An evaluation of the nutritional status using indirect calo-
rimetry was performed at the initiation of L-carnitine therapy
and after 4 weeks of L-carnitine therapy in an outpatient ba-
sis. All patients received L-carnitine (600 mg) three times a
day (1,800 mg/day) for at least 4 weeks. Laboratory data were
also analyzed at the initiation of L-carnitine therapy and after
4 weeks of L-carnitine therapy. We prospectively evaluated
the effect of L-carnitine on the nutritional status and energy
metabolism by comparing variables at these two time points.

The ethics committee of our hospital approved the current
study protocol (No. 1758) and this study protocol complied
with all of the provisions of the Declaration of Helsinki. Writ-
ten informed consent was obtained from all subjects prior to
L-carnitine therapy.

Indirect calorimetry

The parameters measured by indirect calorimetry were carbon
dioxide production per minute (VCO,) and oxygen consump-
tion per minute (VO,). Total urinary excretion of nitrogen (UN)
was measured as reported previously [15, 16]. npRQ, REE,
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Figure 1. Changes in the non-protein respiratory quotient (npRQ) before and after 4 weeks of L-carnitine therapy. (a) For all
cases (n = 13), the npRQ value at 4 weeks increased as compared with the baseline levels, although the difference was not
significant (P = 0.12). (b) In patients with baseline npRQ < 0.85 (n = 7), the npRQ value significantly increased as compared with
the baseline levels after 4 weeks of L-carnitine treatment (P = 0.016).

and substrate oxidation rates of fat (%F), carbohydrate (%C)
and protein (%P) were calculated using the following formu-
las: 1) npRQ = (1.44VCO, - 4.890UN)/(1.44VO, - 6.04UN);
2) REE (kcal/day) = 5.50VO, + 1.76VCO, - 1.99UN; 3) F
(g/24 h)=2.432VO0, + 2.432VCO, - 1.943UN; 4) C (g/24 h) =
5.926V0, +4.189VCO, - 2.539UN; 5) P (g/24 h) = 6.250UN;
6) %F = 9.46F/REE x 100; 7) %C = 4.18C/REE x 100; and 8)
%P = 4.32P/REE x 100 [15, 17-19]. REE was determined in
the morning after an overnight fast (12 h).

Statistical analysis

Continuous variables were compared by a paired #-test. Data
were analyzed using the JMP software program for Microsoft
Windows. Data were expressed as the mean + standard devia-
tion (SD). A P value less than 0.05 was considered to be statis-
tically significant.

Results

Baseline characteristics

The subjects included eight males and 5 females. The mean
+ SD age was 67.2 + 13.1 years. The etiologies of LC were
chronic hepatitis B virus infection in one patient, chronic hepa-
titis C virus infection in seven, alcoholic in three and others in
two. Regarding the Child-Pugh classification, there were six
patients with Child-Pugh A, five with Child-Pugh B and two
with Child-Pugh C. None of the patients were complicated
with hepatocellular carcinoma.

Changes in parameters before and after 4 weeks of L-
carnitine therapy

After 4 weeks of L-carnitine treatment, total carnitine (P <
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0.001), free carnitine (P < 0.001), acyl carnitine (P < 0.001)
and free fatty acid (P = 0.004) significantly increased as com-
pared with the baseline levels. The mean value of npRQ at 4
weeks increased, although the difference was not significant (P
=0.19, Table 1 and Fig. 1a).

Next, we performed a subgroup analysis of patients with
baseline npRQ < 0.85 (n = 7), since npRQ < 0.85 has been
reported to be an adverse predictive factor in LC patients, as
mentioned above [15]. After 4 weeks of L-carnitine treatment,
total carnitine (P = 0.001), free carnitine (P = 0.001) and acyl
carnitine (P = 0.006) significantly increased as compared with
the baseline levels. In addition, the npRQ value significantly
increased as compared with the baseline levels (P = 0.016, Ta-
ble 2 and Fig. 1b).

Energy metabolism before and after L-carnitine therapy

For all cases, the mean %C was 37.6%, the mean %F was
40.2% and the mean %P was 22.2% during L-carnitine therapy.
After 4 weeks of L-carnitine therapy, the mean %C increased
to 48.2%, the mean %F decreased to 31.9% and the mean %P
decreased to 19.9%, which indicated an improvement in en-
ergy metabolism (Table 1 and Fig. 2a). In the subgroup analy-
sis of patients with baseline npRQ < 0.85, the mean %C was
15.3%, the mean %F was 59.9% and the mean %P was 24.8%
during L-carnitine therapy. After 4 weeks of L-carnitine thera-
py, the mean %C increased to 34.2%, the mean %F decreased
to 45.1% and the mean %P decreased to 20.6%, suggesting an
improvement in energy metabolism (Table 2 and Fig. 2b).

Changes in high-sensitivity C-reactive protein (hsCRP)
levels between baseline and 4 weeks

Previous studies demonstrated that hsCRP is a prognostic fac-
tor in patients with LC [20-22]. Thus, we tested the hsCRP
concentration using stored sera at baseline and 4 weeks. For
all patients, the hsCRP concentration at 4 weeks (0.15 = 0.15
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Table 2. Changes of Parameters Before and After 4 Weeks of L-Carnitine Therapy in Patients

With npRQ < 0.85 (n=7)

Variables Baseline At 4 weeks P value®
Total carnitine (umol/L) 65.9 +16.5 107.3+33.9 0.001
Free carnitine (umol/L) 492 +159 76.5 +25.7 0.001
Acyl carnitine (umol/L) 16.7+3.0 30.8+10.3 0.006
Non-protein respiratory quotient 0.760 + 0.043 0.827 £ 0.030 0.016
Rest energy expenditure (kcal/day) 1,368.1 £195.2 1,312.8 £311.5 0.25
%C 153+15.4 342+6.7 0.019
%F 59.9+16.9 451+21.7 0.073
%P 248+17.3 20.6 £20.5 0.49
Free fatty acid (LEq/L) 761.0 +147.7 909.6 + 136.6 0.069
Total cholesterol (mg/dL) 184.4 +£44.3 185+ 48.0 0.92
Triglyceride (mg/dL) 65.1+19.4 65.4+21.1 0.92
Body weight (kg) 57.1+14.8 57.2+14.7 0.67
Serum albumin (g/dL) 3.06+0.39 3.06 +0.36 >0.99
Serum prealbumin (mg/dL) 9.1£3.0 9.5+£4.0 0.45
BCAA to tyrosine ratio 2.97+0.72 333+1.42 0.47
Fasting blood glucose (mg/dL) 111.7£255 116.4 £22.8 0.34
IRI (WU/mL) 93+4.7 93+43 0.93
HOMA-IR 2.51+1.23 2.67+1.23 0.43
Serum ammonia (pg/dL) 48.3+£33.4 41.6 £16.6 0.51

Data are presented as mean + standard deviation. %C: substrate oxidation rates of carbohydrate; %F:
substrate oxidation rates of fat; %P: substrate oxidation rates of protein; BCAA: branched chain amino acid;
IRI: immune reactive insulin; HOMA-IR: homeostasis model assessment-insulin resistance. 2Paired t-test.

mg/dL) significantly decreased as compared with the hsCRP
concentration at baseline (0.20 + 0.17 mg/dL) (P = 0.022, Fig.
3a). In patients with npRQ value < 0.85, the hsCRP concen-
tration at 4 weeks (0.19 £ 0.19 mg/dL) tended to decrease as
compared with the hsCRP concentration at baseline (0.24 +
0.20 mg/dL) (P =0.11, Fig. 3b).

Discussion

As mentioned above, several investigators reported that L-car-
nitine reduced serum ammonia levels, leading to an improve-
ment in hepatic encephalopathy, and ameliorated LC-related
neurological findings and LC-related clinical symptoms such
as muscle cramps [13, 14, 23]. Moreover, several recent stud-
ies demonstrated that L-carnitine supplementation contributed
to normalization of liver enzymes and an improvement in cy-
topenia during treatment for patients with chronic hepatitis B
or C infection [24, 25]. However, there have been no reports
regarding the effect of L-carnitine on energy metabolism using
indirect calorimetry. Thus, there is an urgent need to clarify
these issues. We therefore conducted this prospective pilot
study. To the best of our knowledge, this is the first prospec-
tive study to assess the effect of L-carnitine therapy on energy
metabolism in patients with LC.

In our study, the npRQ value tended to increase after 4
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weeks of L-carnitine therapy as compared with the baseline lev-
els for all cases, and in patients with baseline npRQ < 0.85, the
npRQ levels significantly increased compared with the base-
line levels. Furthermore, after 4 weeks of L-carnitine therapy,
the %C increased, the %F decreased and the %P decreased.
These results indicated that L-carnitine supplementation leads
to the improvement of energy metabolism, especially in pa-
tients with an advanced LC status such as Child-Pugh clas-
sification of B or C. L-carnitine therapy can be recommended
for such patients. Our results may partly explain the reasons
why clinical symptoms in advanced LC patients improve after
L-carnitine therapy. On the other hand, in this study, the serum
ammonia levels did not significantly decrease after L-carnitine
therapy. This may be attributed to the small sample size.

Nakanishi et al previously demonstrated that the dose of
L-carnitine was significantly associated with the percentages
of patients with reduced muscle cramps [14]. In their cohort,
they included patients who started at an L-carnitine dose of
900 mg/day and those with 1,200 mg/day. However, in our
study, we set the dose of L-carnitine at 1,800 mg/day. Thus, the
doses of L-carnitine vary between studies and the optimal dose
of L-carnitine in LC patients remains unclear [14, 26]. Further
investigations are required to clarify these issues.

A recent study revealed that free fatty acid (FFA) rose
in parallel with increasing disease severity as defined by the
Child-Pugh classification [ 18]. Another previous study demon-
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Figure 2. Changes in energy metabolism before and after L-carnitine therapy. (a) For all cases, the mean %C was 37.6%, the
mean %F was 40.2% and the mean %P was 22.2% at the time of L-carnitine therapy. After 4 weeks of L-carnitine therapy, the
mean %C increased to 48.2%, the mean %F decreased to 31.9% and the mean %P decreased to 19.9%, which indicated an
improvement in energy metabolism. (b) In a subgroup analysis of patients with baseline npRQ < 0.85, the mean %C was 15.3%,
the mean %F was 59.9% and the mean %P was 24.8% at the time of L-carnitine therapy. After 4 weeks of L-carnitine therapy,
the mean %C increased to 34.2%, the mean %F decreased to 45.1% and the mean %P decreased to 20.6%, suggesting an
improvement in energy metabolism. Data are expressed as mean values.
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Figure 3. Changes in high-sensitivity C-reactive protein (hsCRP) levels between baseline and 4 weeks. (a) For all patients, the
hsCRP level at 4 weeks significantly decreased as compared with the hsCRP level at baseline (P = 0.022). (b) In patients with
a npRQ value < 0.85, the hsCRP level at 4 weeks tended to decrease as compared with the hsCRP level at baseline (P = 0.11).
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strated that a higher serum FFA level may suggest the presence
of nocturnal hypoglycemia in HCV-related compensated LC
patients [27]. In view of this, the FFA value is expected to de-
crease after L-carnitine therapy. However, in our analysis, after
4-week treatment of L-carnitine, FFA significantly increased
contrary to our expectations. Although the reason for this dis-
crepancy is unclear, insulin resistance, which partly regulates
fat metabolism, may be attributed to these discrepancies [28-
31]. Indeed, in our subjects with baseline homeostasis model
assessment-insulin resistance (HOMA-IR) > 2.5 (n = 9), FFA
at 4 weeks after L-carnitine therapy significantly increased as
compared with the baseline levels (mean value: 612 pEq/L
(baseline) and 807 uEq/L (after 4-week treatment), P =0.013).
However, no definitive conclusion can be reached and further
studies are needed to clarify these issues.

It is of note that the hsCRP concentration significantly de-
creased after 4 weeks of L-carnitine therapy for all cases. One
potential reason for this result is that REE in 4 weeks decreased
as compared with that at baseline (from 1,402.4 kcal/day (mean
value, baseline) to 1,379.9 kcal/day (mean value, 4 weeks)). In-
adequate energy consumption in LC patients can cause higher
systemic inflammation [1, 5, 32]. The improvement in energy
metabolism by L-carnitine therapy may be associated with an
improvement in systemic inflammation and may lead to ame-
liorating the clinical outcome in LC patients, as hsCRP has
been reported to be a prognostic factor in LC patients [20-22].

Although our study has a limitation of a small sample size,
we prospectively demonstrated that energy metabolism as de-
fined by npRQ using indirect calorimetry improved after L-
carnitine therapy. According to the present results, we plan to
conduct a future larger prospective study.

In conclusion, L-carnitine supplementation can be useful
for improving energy metabolism, especially in advanced LC
patients.
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