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a b s t r a c t

Objective: Inflammation mediators have been recognized as risk factors for the pathogenesis of
coronary artery disease (CAD). The purpose of this study was to investigate the effect of L-carnitine
supplementation (LC, 1000 mg/d) on inflammation markers in patients with CAD.
Methods: We enrolled 47 patients with CAD in the study. The patients with CAD were identified by
cardiac catheterization as having <50% stenosis of one major coronary artery. The patients were
randomly assigned to the placebo (n ¼ 24) and LC (n ¼ 23) groups and the intervention was
administered for 12 wk. The levels of LC, antioxidant status (malondialdehyde and antioxidant
enzymes activities), and inflammation markers (C-reactive protein [CRP], interleukin [IL]-6, and
tumor necrosis factor [TNF]-a) were measured.
Results: Thirty-nine participants completed the study (19 placebo; 20 LC). After LC supplementa-
tion, the levels of inflammation markers were significantly reduced compared with the baseline
(CRP, P < 0.01; IL-6, P ¼ 0.03; TNF-a, P ¼ 0.07) and those in the placebo group (CRP, P < 0.05; IL-6,
P ¼ 0.04; TNF-a, P ¼ 0.03). The levels of inflammation markers were significantly negatively
correlated with the levels of LC and antioxidant enzymes activities (P < 0.05).
Conclusions: We suggest that LC supplementation, due to its antioxidant effects, may have potential
utility to reduce inflammation in CAD.

� 2015 Elsevier Inc. All rights reserved.
Introduction

Inflammation and atherosclerosis have become well estab-
lished over the past decade. Many theories describing the
atherosclerotic disease process are correlated with inflammation
status [1,2]. Mounting evidence indicates that a higher inflam-
mation status plays a key role in development of coronary artery
disease (CAD) [1,2]. In clinical studies, the levels of C-reactive
protein (CRP), interleukin (IL)-6, and tumor necrosis factor
(TNF)-a were commonly used as inflammation markers to
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predict the risk for CAD [3–5]. In the inflammatory cascade of
atherosclerosis, the proinflammatory risk factors such as
oxidized low-density lipoproteins and proinflammatory cyto-
kines (e.g., TNF-a) may induce IL-6 secretion. IL-6 is a messenger
cytokine that is secreted by macrophages and smooth muscle
cells in the atherosclerotic lesion. Then, CRP is released as a
product of hepatic stimulation and inflammation, under the
regulation of IL-6. Finally, systemic inflammation is triggered and
results in elevated levels of inflammation markers attributed to
atherosclerosis [4].

L-carnitine (b-hydroxy-g-trimethyl-amino-butyric acid; LC) is
an essential compound that is synthesized from lysine and
methionine [6]. LC assists in the b-oxidation of long-chain fatty
acids and transports fatty acids into the mitochondrial matrix [6,
7]. Recently, an in vitro study demonstrated that LC plays a
critical role in inflammatory diseases by modulating inflamma-
tory cell functions [8]. LC might have the potential to control
inflammation by reduction of major inflammatory cytokines,
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including nuclear factor-kappa B (NF-kB) and TNF-a [8,9]. Most
clinical trials have examined antiinflammatory effect of LC sup-
plementation at doses of 1000 to 1200 mg/d in the patients on
hemodialysis [10–13], but not all of them have shown an effect
on inflammation markers [13]. To our knowledge, there is no
published information about the antiinflammatory effect of LC
supplementation in patients with CAD. The Ministry of Health
and Welfare in Taiwan recommends a daily dietary intake of
�2000 mg of LC. It is worthwhile to investigate whether LC
supplement shows an antiinflammatory effect in patients with
CAD. Thus, we tested a dose of 1000 mg/d in patients with CAD
and examined whether this dose could be a dietary supplement
for daily use. The purpose of this study was to investigate the
effect of LC supplements (1000 mg/d) on inflammation markers
in patients with CAD.

Materials and methods

Participants

This study was designed as a single-blinded, randomized, parallel, placebo-
controlled study. Patients with CAD were recruited from the cardiology clinic
of Taichung Veterans General Hospital, which is a teaching hospital in central
Taiwan. CAD was identified by cardiac catheterization as having<50% stenosis of
one major coronary artery or receiving percutaneous transluminal coronary
angioplasty. Patients with diabetes, liver, or renal diseases were excluded to
minimize the influence of other cardiovascular risk factors. Patients undergoing
statin therapy or currently using vitamin supplements were also excluded.
Informed consent was obtained from each participant. This study was approved
by the Institutional Review Board of Taichung Veterans General Hospital, Taiwan
and registered at ClinicalTrials.gov (NCT01819701).

With a sample size calculation, we expected that the change in the levels of
antioxidant enzymes activities would be 5.0 � 7.0 U/mg of protein after LC
supplementation; therefore, the desired power was set at 0.8 to detect a true fact
and at an a value ¼ 0.05 with a minimum sample size of 18 in each intervention
group. We enrolled 47 patients with CAD in this study and randomly assigned
them to the placebo (n ¼ 24) or LC (n ¼ 23) group. The LC and placebo (starch)
capsules were commercially available preparations (New Health Taiwan Co.,
Ltd.). The intervention was administered for 12 wk. The participants were
instructed to take two capsules (500 mg) daily, equal to 1000 mg/d. To monitor
compliance, the researchers reminded participants to check the capsule bag
every 4 wk to confirm that it was empty, and we measured the serum LC level
before and after intervention. Participants’ age, blood pressure, smoking, drink-
ing, and exercise habits were recorded. Body weight, height, and waist circum-
ferences were measured and the body mass index (kg/m2) was calculated.

Blood collection and biochemical measurements

Fasting venous blood samples (15 mL) were obtained to estimate the he-
matologic and vitamin status. Blood specimens were collected in Vacutainer
tubes (Becton Dickinson, Rutherford, NJ, USA) that contained EDTA as an anti-
coagulant or that contained no anticoagulant as required. Serum and plasma
were prepared after centrifugation (3000g, 4�C, 15 min) and were then stored at
�80�C until analysis. Hematologic parameters (serum creatinine, total choles-
terol, triacylglycerol, low-density lipoprotein cholesterol, and high-density li-
poprotein cholesterol) were measured by an automated biochemical analyzer
(Hitachi-7180 E, Tokyo, Japan). Plasma malondialdehyde (MDA) was determined
using the thiobarbituric acid reactive substances method, as previously described
[14]. Serum was diluted with 400 � sample diluent for LC measurement. Serum
level of LC was measured by enzyme-linked immunosorbent assay (ELISA) using
a commercially available kit (Cusabio, Wuhan, China) according to the supplier’s
instructions and the detection range for the analysis of LC were 0.8 to 50 mmol/L.
The intra- and inter-assay precision were <8% and <10%, respectively.

Serum level of CRP was quantified by particle-enhanced immunonephel-
ometry with an image analyzer (Dade Behring, Deerfield, IL, USA). Serum levels of
IL-6 (eBioscience, San Diego, CA, USA) and TNF-a (R&D Systems Inc., McKinley
Place NE, Minneapolis, USA) were measured by ELISA using a commercially
available kit. The detection range for IL-6 was 1.1 to 14.3 pg/mL and for TNF-awas
0.5–16 pg/mL. The intra- and inter-assay precisions of IL-6 were 4.9% and 6%,
respectively. The intra- and inter-assay precisions of TNF-a were 4.3% and 7.2%,
respectively.

Red blood cell (RBC) samples werewashedwith normal saline after removing
the plasma. Then, the RBCs were diluted with 25 � sodium phosphate buffer for
superoxide dismutase (SOD) and glutathione peroxidase (GPx) measurements,
and with 250 � sodium phosphate buffer for catalase (CAT) measurement. The
antioxidant enzymes activities (CAT, SOD, and GPx) were determined using fresh
samples and the methods for measuring these activities have been described
previously [15–17]. The protein content of the plasma and RBCs was determined
based on the biuret reaction of the bicinchoninic acid kit (Thermo, Rockford, IL,
USA). The values for the antioxidant enzymes activities were expressed as
units/mg of protein. All of the analyses were performed in duplicate.

Statistical analyses

The data were analyzed using the SigmaPlot software package (version 12.0,
Systat, San Jose, CA, USA). The normal distribution of variables was tested by the
Kolmogorov-Smirnov test. Differences in participants’ demographic data and the
hematologic measurements between the placebo and LC groups were analyzed
by Student’s t test or the Mann-Whitney rank-sum test. The paired t test or
Wilcoxon signed rank test was used to analyze the data within each group before
(baseline) and after intervention (week 12). For the categorical response vari-
ables, differences between the two groupswere assessed by the c2 test or Fisher’s
exact test. To examine the correlations between the levels of inflammation
markers, oxidative stress, and antioxidant enzymes activities after LC supple-
mentation, the Pearson product moment correlations were used. The results
were considered statistically significant at P < 0.05. Values presented in the text
are means � SD.
Results

Study participant characteristics

The sampling and trial profiles are summarized in Figure 1,
along with the number of participants who completed the study
in each group. Table 1 presents the demographic data and the
health characteristics of the participants at the baseline. There
were no significant differences between the two groups with
respect to age, blood pressure, anthropometric measurements,
hematologic entities (serum creatinine and lipid profiles), and
the frequency of smoking, drinking, or exercise at baseline.
Effects of LC supplementation on levels of inflammation markers

The levels of inflammation markers after supplementation
are shown in Table 2. After 12 wk of LC supplementation, the
participants in the LC group had significantly lower levels of
inflammation markers than at baseline (CRP, P < 0.01; IL-6, P ¼
0.03, TNF-a, P¼ 0.07) and than those in the placebo group (CRP, P
< 0.05; IL-6, P¼ 0.04, TNF-a, P¼ 0.03). The changed levels of CRP
(P¼ 0.04), IL-6 (P< 0.05), and TNF-a (P¼ 0.04) were significantly
lower in the LC group than in the placebo group.
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Table 1
Participant characteristics at baseline*

Placebo (n ¼ 19) LC (n ¼ 20) P valuesy

Sex (male) 19 20 –

Age (y) 72.7 � 10.1 (74) 71.9 � 10.6 (72) 0.80
Systolic blood pressure (mm Hg) 127.3 � 6.0 (128) 128.4 � 10.4 (130) 0.68
Diastolic blood pressure (mm Hg) 74.5 � 4.4 (74) 72.3 � 4.7 (71) 0.22
Waist circumference (cm) 97.7 � 11.4 (96) 91.4 � 8.4 (91.5) 0.08
Waist–hip ratio 0.9 � 0.1 (0.9) 0.9 � 0.1 (0.9) 0.09
Body mass index (kg/m2) 26.0 � 2.4 (25.6) 24.8 � 2.6 (24.6) 0.16
Creatinine (mmol/L) 106.1 � 44.2 (97.2) 114.9 � 26.5 (106.1) 0.33
Total cholesterol (mmol/L) 5.0 � 1.2 (4.6) 4.9 � 0.7 (4.9) 0.76
Triacylglycerol (mmol/L) 1.7 � 0.7 (1.6) 1.4 � 0.7 (1.1) 0.13
Low-density lipoprotein cholesterol (mmol/L) 3.0 � 1.3 (3) 3.0 � 0.7 (3.1) 0.97
High-density lipoprotein cholesterol (mmol/L) 1.2 � 0.2 (1.2) 1.4 � 0.4 (1.3) 0.10
Current smokerz, n (%) 3 (15.8) 4 (20) 1.00
Drink alcoholx, n (%) 3 (15.8) 3 (15) 1.00
Exercisek, n (%) 17 (89.5) 20 (100) 0.23

LC, L-carnitine
* Mean � SD (median).
y Values are significantly different between placebo and LC groups.
z Current smoker: individual currently smokes �1 cigarette/d.
x Drink alcohol: individual drinks �1 drink/d regularly.
k Exercise: individual exercises at �3 times/wk.
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Correlations between levels of inflammation markers, LC, and
antioxidant status after supplementation

The correlations between the levels of inflammationmarkers,
LC, and antioxidant status after supplementation are shown in
Table 3. After 12 wk of supplementation, the level of TNF-a was
significantly negatively correlatedwith the level of LC (r¼�0.30;
P ¼ 0.02). The levels of CRP and IL-6 were significantly positively
correlated with MDA and the levels of CRP, IL-6, and TNF-a
negatively correlated with antioxidant enzymes activities (SOD
and GPx).

Discussion

To our knowledge, this is the first clinical study to examine
the antiinflammation effect of LC supplementation in patients
with CAD. In this clinical trial, we demonstrated that LC at a dose
of 1000 mg/d for 12 wk significantly reduced the levels of
inflammation markers in patients with CAD. The levels of LC and
Table 2
Levels of inflammation markers after supplementation*

Placebo (n ¼ 19)

Means � SD (median) Range*

Week 0
CRP (mg/L) 2.2 � 3.6 (1.10) 0.03–1.6
IL-6 (pg/mL) 1.5 � 0.6 (1.54) 1.0–3.0
TNF-a (pg/mL) 1.9 � 1.9 (1.29) 0.9–9.6

Week 12
CRP (mg/L) 3.9 � 6.1 (2.00) 0.02–2.6
IL-6 (pg/mL) 1.8 � 1.1 (1.40) 0.8–5.1
TNF-a (pg/mL) 2.4 � 2.1 (1.69) z 1.3–9.7

Week 12–0
CRP (mg/L) 2.0 � 7.0 (0.06) �1.5 to 2.4
IL-6 (pg/mL) 0.3 � 0.9 (�0.01) �0.8 to 3.2
TNF-a (pg/mL) 0.3 � 0.3 (0.16) �0.2 to 0.9

CRP, C-reactive protein; IL, interleukin; TNF, tumor necrosis factor
* Minimum–maximum.
y Values are significantly different between the placebo and LC groups.
z Data were analyzed by the Mann-Whitney rank-sum test.
x Values were significantly different after intervention within the group: P ¼ 0.047
k Values were significantly different after intervention within the group: P ¼ 0.045
{ Data were analyzed by the Student’s t test.
antioxidant enzymes activities were significantly negatively
correlated with inflammation markers (Table 3). Based on these
results, it seems that LC has an antiinflammation effect in CAD
that may be related to its antioxidant capacity.

Recent in vivo and in vitro studies have demonstrated that LC
can prevent oxidative injury in cardiovascular disease models,
including reducing lipid peroxidation, scavenging hydrogen
peroxide and superoxide radicals, chelating transition metal ions
[18–22], and up-regulating the endogenous antioxidant defense
system, such as increasing CAT, SOD, and GPx activities [23–26].
A previous study [27] showed that LC might be a good antioxi-
dant supplement for CAD. After 12 wk of LC supplementation,
the level of MDAwas significantly reduced (2.0 � 0.3 to 1.8 � 0.3
mmol/L, P ¼ 0.02) and the level of LC (33.6 � 13.6 to 40.0 � 12.0
mmol/L, P ¼ 0.04) and antioxidant enzymes activities (CAT [12.7
� 5.5 to 13.1 � 5.8 U/mg of protein, P ¼ 0.02], SOD [14.8 � 2.9 to
20.7 � 5.8 U/mg of protein, P < 0.01], and GPx [20.3 � 3.4 to 23.0
� 3.1 U/mg of protein, P ¼ 0.01]) were significantly increased,
compared with baseline. It is already known that inflammation
LC (n ¼ 20) P valuesy

Means � SD (median) Range

2.2 � 2.9 (1.00) 0.02–1.0 0.65z

1.6 � 0.6 (1.40) 0.8–2.8 0.72z

2.1 � 1.3 (1.56) 0.8–5.4 0.34z

1.2 � 1.3 (1.00)x 0.02–0.6 <0.05z,x

1.3 � 0.4 (1.15)x 0.9–2.3 0.04z

1.8 � 0.8 (1.52) 1.0–4.0 0.03z

�1.1 � 2.4 (�0.10) �0.9 to 0.2 0.04z

�0.4 � 0.6 (�0.24) �1.6 to 0.8 <0.05z,k

0.1 � 0.2 (0.10) �0.3 to 0.6 0.04{

.

.



Table 3
Correlations between levels of inflammation markers, L-carnitine, and antioxi-
dant status after supplementation

Inflammation markers (r*, P values)

CRP (mg/L) IL-6 (pg/mL) TNF-a (pg/mL)

LC (mmol/L) �0.001 (0.99) �0.004 (0.97) �0.295 (0.02)
MDA (mmol/L) 0.529 (<0.01) 0.523 (<0.01) �0.207 (0.10)
CAT (U/mg protein) �0.078 (0.49) �0.055 (0.63) �0.068 (0.59)
SOD (U/mg protein) �0.243 (0.03) �0.183 (<0.05) �0.197 (0.05)
GPx (U/mg protein) �0.331 (<0.01) �0.312 (<0.01) �0.191 (0.06)

CAT, catalase activity; CRP, C-reactive protein; GPx, glutathione peroxidase; IL,
interleukin; LC, L-carnitine; MDA, malondialdehyde; SOD, superoxide dismutase;
TNF, tumor necrosis factor

* Correlation coefficients.
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may be triggered by the reactive oxygen species (ROS), which
up-regulates the expression of proinflammatory cytokines, and
then actives the NF-kB pathway [28]. NF-kB is a ubiquitous
transcription factor and pleiotropic regulator of numerous genes
involved in the immune and inflammatory responses [29].
Studies have indicated that the NF-kB activating cascade can be
inhibited by antioxidants, such as LC [30,31]. Therefore, LC may
suppress the formation of ROS, resulting in inhibition of the
NF-kB pathway [8,9,32]. One study [8] recently indicated that the
antiinflammation effect of LC not only inhibited NF-kB activity
but also suppressed nitric oxide and inducible nitric oxide syn-
thase production, which have been implicated in the patho-
genesis of inflammation diseases. As a result, LC could be an
antiinflammation supplement in patients with chronic inflam-
mation, such as patients with CAD.

In recent years, two clinical studies have demonstrated that
LC supplementation (20 mg/kg) can reduce the level of CRP in
patients on hemodialysis [10,11]. Another two clinical studies
provided the hemodialysis patients with LC supplementation at
dose of 1000 mg/d for 12 wk, and the level of inflammation
markers, such as serum amyloid A, showed a significant decrease
of 32% (P< 0.01) [13], CRP and IL-6 showed a significant decrease
of 29% (P< 0.05) and 61% (P< 0.001), respectively [12]. However,
it has been reported that LC supplementation at dose of 2000
mg/d had no significant effect on the levels of inflammation
markers in healthy individuals [33]. This lack of an effect in
healthy individuals may be caused by the fact that they do not
have high levels of inflammation. Of the participants in the
present study, 54% had a high inflammation status according to
CRP levels (�1 mg/L), 49% according to IL-6 levels (�0.5 pg/mL),
and 59% according to TNF-a levels (�1.4 pg/mL). On average,
>50% of our participants with CAD showed a high inflammation
status. After 12 wk, LC supplementation at dose of 1000 mg/d
significantly reduced the levels of CRP by 10%, IL-6 by 17%, and
TNF-a by 6%, respectively, compared with baseline. Two clinical
studies [34,35] showed some clinical benefits in a lower dose of
LC supplementation (500 mg/d) in patients with migraine and
those on chronic hemodialysis, but these studies did not examine
the antiinflammatory effect and not used LC supplementation
alone. Atherosclerosis is considered a chronic inflammatory
disease; to lower the inflammation status in CAD, we suggest
that LC supplementation at dose of 1000 mg/d may suppress the
inflammation response in CAD, especially in those with a high
inflammation and oxidative stress. However, further study is
worthwhile to investigate an antiinflammation effect with a
lower dose of LC supplementation combined with other anti-
oxidant vitamins in patients with CAD.

A recent review suggested that LC supplementation (500–
1000 mg/d) could be initiated in participants with a lower LC
reference value (20 mmol/L) [36]. The main functions of LC are
esterified and transport long-chain fatty acids through the
mitochondrial membrane [6,7]. When fatty acid oxidation is
impaired, acyl-coenzyme A may accumulate and deplete the
coenzyme A intramitochondrial pool, causing a generalized
mitochondrial dysfunction and multiorgan failure [36]. Al-
though our patients with CAD did not have carnitine depletion
at baseline (<20 mmol/L), inflammation status was signifi-
cantly decreased after 12 wk of LC supplementation at dose of
1000 mg/d.

Many clinical studies have reported no major clinical toxicity
after a higher LC supplementation (2000–4000 mg/d) [37–40]. A
well-known study reported that a higher LC level (>45.1 mmol/L)
may increase the risk for cardiovascular disease [41], although
these results are controversial [42]. The administered dose of LC
(1000 mg/d) in the present study was within dietary supple-
mentation dose (the Ministry of Health and Welfare in Taiwan
recommends a daily dietary intake of �2000 mg of LC). As the
dose of LC supplementation (1000 mg/d) was not a pharmaco-
logic dose, it can be expected that LC would not promote
atherosclerosis or compromise cardiovascular health [42]. In this
study, we provided patients with CAD with LC at a dose of 1000
mg/d divided into two doses (500mg twice daily) and therewere
no clinically significant changes in the participants’ vital signs
and hematologic values were within the normal ranges (such as
blood urea nitrogen, creatinine, glutamic oxaloacetic trans-
aminase, and glutamic pyruvate transaminase) after 12 wk
supplementation; this result means that LC at a dose of 1000
mg/d had no renal or liver toxicity. Therewere no serious adverse
events, no complaints of side effects such as nausea and vomiting
[43], and no withdrawals due to adverse events. Based on the
results, we support that LC at dose of 1000 mg/d had a protective
effect on patients with CAD.

There are two limitations of the present study that should be
mentioned. First, the number of participants was small, although
we did recruit more participants than expected. Second, this
study was designed using daily LC supplementation for only 12
wk. Larger and longer intervention studies are required to better
explore this potential CAD therapy.

In conclusion, we have demonstrated that LC supplementa-
tion at a dose of 1000 mg/d significantly reduced inflammation
status in patients with CAD. LC has an antiinflammatory effect in
CAD that could be attributed to its role as an antioxidant.
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