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Summary

Background: C-reactive protein (CRP) has been proposed
as a risk marker and risk factor of cardiovascular disease.
There have been a number of clinical reports suggesting
that supplementation with L-carnitine can modulate sys-
temic inflammation and lower circulating CRP concentra-
tions, but the results have not been consistent.

Methods: A comprehensive literature search in Medline,
Scopus and Cochrane Central Register of Controlled Trials
was performed in December 2012 to identify clinical trials
investigating the impact of oral L-carnitine supplementa-
tion on serum/plasma CRP concentration. A random effect
method was used to calculate the combined effect size.
Results: Six studies comprising 541 cases and 546 controls
met the inclusion criteria. Meta-analysis of included trials
revealed a significant reduction of circulating CRP concen-
trations in subjects under L-carnitine intervention com-
pared to the control treatment. The calculated combined
weighted mean reduction in CRP concentrations was
-0.39 mg/L[95% CI (-0.62 — -0.16)]. This effect size esti-
mate was found to be robust and remained unaffected by
the removal of each single study.

Conclusions: The overall findings of the present meta-
analysis support the clinically relevant benefit of L-carnitine
supplementation in lowering the circulating levels of CRP
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Kratak sadriaj

Uvod: C-reaktivni protein (CRP) predloZen je kao marker
rizika i faktor rizika za kardiovaskularnu bolest. Postoji izves-
tan broj klini¢kih izvestaja koji su pokazali da suplementacija
L-karnitinom moze modulisati sistemsku inflamaciju i sniziti
koncentracije CRP-a u cirkulaciji, ali njihovi rezultati nisu usa-
glaseni.

Metode: U decembru 2012, sprovedena je sveobuhvatna
pretraga literature u bazama Medline, Scopus i Cochrane
Central Register of Controlled Trials radi identifikacije kli-
nickih ispitivanja koja su istrazivala uticaj oralne suplemen-
tacije L-karnitinom na koncentraciju CRP-a u serumu/
plazmi. Za izratunavanje kombinovanih dimenzija efekta
koridcena je metoda nasumicnog efekta.

Rezultati: Sest studija koje su obuhvatile 541 pacijenta i 546
kontrolnih subjekata ispunilo je kriterijume za ukljucenje u
ovu studiju. Metaanalizom obuhvadenih ispitivanja je otkri-
veno znacajno snizenje koncentracija CRP-a u cirkulaciji kod
subjekata podvrgnutih intervenciji L-karnitinom u poredenju
s kontrolom. lzraéunato kombinovano srednje snizenje
koncentracija CRP-a iznosilo je —0,39 mg/L [95% CI(-0,62
— -0,16)]. Ovakva procena dimenzija efekta oznacena je kao
robusna i ostala je nepromenjena i posle odstranjivanja svake
pojedinacne studije.

Zaklju€ak: Ukupni rezultat predstavljene metaanalize
svedoci u prilog klini¢ki relevantne koristi od suplementacije
L-karnitinom za snizavanje nivoa CRP u cirkulaciji.

Kljuéne reéi: karnitin, ishrana, koronarna bolest srca,
ateroskleroza, sistemati¢ni pregled, klini¢ko ispitivanje
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Introduction

Atherosclerosis is the cornerstone of the patho-
genesis of cardiovascular disease (CVD) and its com-
plications. Recent advances in basic research have
provided compelling clues to the pivotal role of
inflammation in the development and progression of
atherosclerosis (1). In parallel, there is a large body of
evidence indicating a heightened state of systemic
inflammation in patients with CVD. Nearly all the
known risk factors for CVD such as dyslipidemia,
hypertension, diabetes, obesity and infection are
influential in triggering the inflammatory response
during atherosclerosis (2). However, the central role
pertains to the oxidatively modified lipoproteins, in
particular low-density lipoprotein (LDL). Given the
established role of inflammation in all stages of
atherogenesis, antiinflammatory therapy has been
suggested as a promising approach to lower the con-
centrations of atherogenic inflammatory mediators
and cover the substantial residual risk following con-
ventional lipid lowering therapy (2).

CRP is a 206 amino acid pentraxin-like acute-
phase protein which is synthesized by hepatocytes in
response to inflammation (3). CRP could be regard-
ed as one of the best known biomarkers of systemic
inflammation. Elevated circulating levels of CRP have
been suggested to serve as an independent and
strong predictor of CVD and atherothrombotic events
(4). Recent evidence has suggested that CRP is not
only a CVD risk marker, but also has a direct role in
the development of vascular damage and CVD out-
comes. Findings of the JUPITER (Justification for the
Use of Statins in Primary Prevention: an Intervention
Evaluating Rosuvastatin) trial have revealed a tight
association between the degree of CRP reduction and
corresponding decrement in CVD risk (5). Therefore,
reduction of CRP concentrations is regarded as an
effective approach for both primary and secondary
prevention of CVD and its complications. Heretofore,
only a few therapeutic options have been identified
for the purpose of serum CRP reduction. Among
these, inhibitors of 3-hydroxy-3-methylglutaryl coen-
zyme A reductase — known as statins — have been the
most effective class of drugs (6, 7). According to the
American College of Cardiology Foundation/Ame-
rican Heart Association (ACCF/AHA) guideline for
assessment of cardiovascular risk in asymptomatic
adults, statin therapy is indicated for persons with
LDL-C levels <2.59 mmol/L but elevated CRP. Never-
theless, successful CRP reduction may not be
achieved in patients who are refractory to the effects
of statins or those who are intolerant of statins.
Therefore, it would be ideal to introduce novel
agents, preferably of natural origin, that could lower
CRR and on the other hand have a wide safety mar-
gin that allows their chronic supplementation. Such
safe CRP-lowering agents may also be used as an ad-
junct to statins in order to achieve stronger reductions
in CRP levels.

Carnitine (L--hydroxy-y-N-trimethylaminobu-
tyric acid) is a vitamin-like nonprotein nutraceutical
primarily biosynthesized in the liver and kidney from
the amino acids lysine and methionine (8). Due to its
chiral structure, carnitine has two stereocisomeric
forms: D and L. However, only the L isomer is known
to be essential for human and animal health and pos-
sess biological activity, while the other isomer is bio-
logically inert. The main physiologic role of L-carni-
tine is involvement in fat and energy metabolism by
mediating the transport of long-chain free fatty acids
across the mitochondrial membrane for -oxidation
(9). Aside from this leading task, L-carnitine supple-
mentation has been reported to be associated with
several health benefits such as regulation of carbohy-
drate metabolism and insulin sensitivity, mitigation of
lipid peroxidation and oxidative stress, and enhance-
ment of the immune system and spermatogenesis
(10-14). Carnitine is also endowed with several car-
dioprotective properties (15-17). Several clinical trials
have indicated the favorable impact of L-carnitine
supplementation in the modulation of CVD incidence
and mortality (16-18). However, it remains unclari-
fied if mitigation of systemic inflammation plays a role
in these beneficial properties of L-carnitine.

Thus far, there have been scattered reports in
different patient groups on the impact of oral supple-
mentation with L-carnitine and its analogues on the
circulating levels of CRP (19-26). While the overall
balance in the findings of conducted trials favors the
efficacy of L-carnitine, some negative reports make
the judgment inconclusive. This controversy in find-
ings necessitates conducting a systematic review of
literature and a meta-analysis of the published studies
to clarify if oral consumption of L-carnitine could
lower the circulating levels of CRP.

Methods
Search strategy

This study was designed according to the guide-
lines of the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) statement (27).
A systematic literature search for English-language
articles was performed in the following databases
from inception through December 2012: PubMed-
Medline (http://www.ncbi.nlm.nih.gov/pubmed) and
SCOPUS (http://www.scopus.com) and the Cochrane
Database of Systematic Review published (http://www.
cochrane.org). Databases were searched using the
following terms: (carnitine OR L-carnitine OR acetyl-
L-carnitine OR »acetyl L-carnitine« OR propionyl-L-
carnitine OR »propionyl L-carnitine«) AND (C-reac-
tive protein OR CRP OR hsCRP OR hs-CRP). The
wild-card term »*« was used to increase the sensitivity
of the search strategy.




J Med Biochem 2015; 34 (2)

153

Study selection

Studies were included if they fulfilled all of the
following criteria: (1) an intervention study using L-
carnitine or its analogues as main or adjunctive ther-
apy, (2) controlled design: drug- or placebo-con-
trolled parallel or cross-over randomized trial, (3)
study design consisted of random allocation of study
participants to L-carnitine or control treatment, and
(4) reported mean/median and SD/SE/IQR of se-
rum/plasma CRP in both intervention and treatment
groups at baseline as well as at the end of trial.
Studies were excluded if they were: (1) a review arti-
cle or meeting/conference paper; (2) were not of a
clinical design; or (3) administered L-carnitine via the
intravenous route.

Data extraction

Aside from baseline and post-trial CRP concen-
trations, data on the study location, publication year,
population size, type of intervention, administered
daily dose of carnitine, duration of supplementation,
control group allocation, age, gender, smoking habit
and serum/plasma levels of glucose, total cholesterol,
LDL-cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C) and triglycerides were extracted
from all retrieved articles.

Assessment of risk of bias in included studies

A methodological quality assessment of the in-
cluded studies was carried out by employing the
Jadad score level-of-evidence rating for randomized
controlled trials (28). Jadad scale ranges from score O
to 5, with higher scores indicative of better quality.
The items for quality assessment in the Jadad scale
include randomization, blinding, and description of
withdrawals and dropouts. Using this scale, the over-
all quality of a trial could be classified as low (Jadad
score of <3) or high (Jadad score of 4 or 5).

Statistical analysis

Meta-analysis was conducted using the
Cochrane Program Review Manager version 5.1.
Blood CRP levels were collated in mg/L. A multiplica-
tion by 0.0259, 0.0113 and 0.0555 was used to con-
vert cholesterol (total cholesterol, HDL-C or LDL-C),
triglyceride and glucose levels expressed in mg/dL
into mmol/L, respectively. Standard deviations at one
time point were calculated with the formula SD =
SEM X square root n (SEM: standard error of the
mean, n: number of participants). Standard devia-
tions (SDs) of the mean difference were calculated
using the formula: square root [(SDpretreatment)2 +
(SDposﬂreatment)2 B (2R X SDprefreafment X D ost-
treatment)], @ssuming a correlation coefficient (RS) =
0.5 (29). For studies in which serum/plasma CRP lev-

els were determined in multiple intervals, data from
the last time point was used as the post-trial value in
analyses.

For parallel and cross-over trials, net changes in
measurements were calculated as follows: (measure
at end of follow-up in the L-carnitine group — mea-
sure at baseline in the L-carnitine group) — (measure
at end of follow-up in the control group — measure at
baseline in the control group). Due to the inter-study
heterogeneities regarding design, underlying disease
and age of recruited participants, and L-carnitine
dosage and supplementation duration, quantitative
data synthesis was performed using a random effect
approach with the inverse variance weighting method.
In order to evaluate the influence of each study on the
overall effect size, a sensitivity analysis was conducted
using the one-study remove approach (30).

Results
Summary of included studies

Following the database search and removal of
duplicate articles, a total of 110 articles were identi-
fied and subjected to initial screening. Thirteen arti-
cles were provisionally selected for further full-text
evaluation. Out of these 13 publications, 6 met the
inclusion criteria and were used for data extraction
(19-24). The reasons for the exclusion of the remain-
ing 7 articles were being not original (n=2) (31, 32),
investigation of intravenous L-carnitine (n=2) (18,
33), publication in languages other than English
(n=2) (34, 35), and lack of sufficient data on serum
CRP status (n="1) (36) (Figure 1).

CRP measurement

Measurement of serum CRP was carried out
using either the particle-enhanced immunoturbidime-

try (19-21) or enzyme-linked immunosorbent assay
(22-24).

Study characteristics

The pooled population of included studies com-
prised 1087 individuals, of which 541 were classified
as the case group and 546 as the control group.
Three studies were conducted in diabetic or predia-
betic patients (19, 20, 22), 2 studies in hemodialysis
patients (23, 24) and 1 study in patients with non-
alcoholic steatohepatitis (21). All studies were dou-
ble-blind and placebo controlled apart from that of
Shakeri et al. which had an open-label design (25).
Duration of L-carnitine supplementation ranged
between 8 (22) to 48 (19, 20) weeks. Five of the
included studies used L-carnitine as intervention
(19-21, 23, 24) while Bloomer et al. administered
acetyl L-carnitine arginate (ALCA) (22). Dosage of L-
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Records excluded by the evaluation
of title and abstract
(n=97)

Full-text articles excluded (n = 7)

Reasons: Not of case-control design
(n = 2); not published in English
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L-carnitine supplementation (n = 2)
or lack of sufficient data on serum
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=
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C

CRP status (n = 1).

Figure 1 Flow diagram of studies through review.

carnitine ranged between 1-2 g/day in all the in-
cluded trials. In 4 trials, L-carnitine was used as
monotherapy (21-24), while 2 studies used L-carni-
tine supplementation as adjunctive therapy to sibu-
tramine (19) or orlistat (20). Characteristics of includ-
ed studies are summarized in Table I.

The studies by Derosa et al. (20) investigated
the efficacy of adjunctive therapy with L-carnitine in
diabetic patients (19). In both trials, 12-month sup-
plementation with L-carnitine was not associated with
an additional benefit in terms of serum CRP reduc-
tion. There were 40% and 35% reductions in serum
CRP following treatment with orlistat and sibu-
tramine, respectively, whereas the reduction rates
changed to 56% and 42% when L-carnitine was
added as an adjunct. In another trial among predia-
betic subjects, treatment with ALCA for 8 weeks did
not result in a significant alteration in circulating CRP
concentrations compared to placebo (22). In contrast
to the aforementioned trials among diabetic or predi-
abetic patients, findings from two studies in end-stage
renal disease (ESRD) patients under hemodialysis
revealed a significantly improved effect on serum CRP
(-41% (23) and -29% (24)) compared to control

group (3% (23) and +13% (24)) following supple-
mentation with L-carnitine. This finding is also sup-
ported in patients with nonalcoholic steatohepatitis in
whom L-carnitine caused a 42.9% reduction in serum
CRP which was significantly greater than that
obtained by placebo (14.9%) (21).

Quantitative data synthesis

A statistically significant pooled effect size [net
change: -0.39 mg/L; 95% Cl: -0.62 to -0.16; p =
0.001] was estimated for the impact of L-carnitine
supplementation among 541 cases and 546 controls.
Using random effect analysis, the overall inter-study
heterogeneity was not found to be significant (12 =
44%; p = 0.11) (Figure 2).

Sensitivity analysis

Findings of the one-study remove sensitivity
analysis revealed that the observed CRP lowering
effect of L-carnitine is robust and not dependent on a
single study. The pooled effect size remained statisti-
cally significant following leaving each study out, as
shown in Table II.
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Table | Characteristics of the included studies.

Bloomer Derosa Derosa Hakeshzadeh | Malaguarnera Shakeri
et al. (23) et al. (20) et al. (21) et al. (24) et al. (22) et al. (25)
Jadad score 4 5 5 3 5 2
Year 2009 2011 2010 2010 2010 2010
Location USA Italy Italy Iran Italy Iran
Underlying Prediabetes | Uncontrolled |Obese patients| Hemodialysis Patients Hemodialysis
disease type 2 with uncon- patients with patients
diabetes trolled type 2 nonalcoholic with Lp (a)
mellitus diabetes steatohepatitis | hyperlipopro-
mellitus teinemia
Duration 8 weeks 48 weeks 48 weeks 12 weeks 12 weeks 12 weeks
Control Placebo Sibutramine | Orlistat (120 Placebo Placebo None
treatment (10 mg/d) mg/d)
Allocation in 3 g/d acetyl L-carnitine L-carnitine L-carnitine L-carnitine L-carnitine
case group L-carnitine (2 g/day) + | (2 g/day) + (1 g/day) (2 g/day) (1 g/day)
arginate sibutramine orlistat (120
(eq 1350 mg | (10 mg/day) mg/day)
acetyl L-carni-
tine/day +
1200 mg/day
arginine)
N Case 14 129 126 18 36 18
Control 15 125 132 18 38 18
Age Case 31+3 54+5 51+ 4 48 + 10 479 + 54 | 545+19.0
Control 35+3 51+4 53+ 6 52 + 14 478 + 58 | 57.0+20.0
%Males Case Ns 50.4 49.2 33 55.6 67
Control NR 50.4 49.2 50 52.6 61
Smoking Case 31.8 32.6 NR 17
Control 33.6 36.5 NR 6
Weight (kg) Case 85+4* 96.9+10.8 | 95.1%10.3 59+8 NR 65+16
Control 91+5 97.7x11.4 94.5+9.6 64+9 NR 6311
BMI (kg/m2) Case 28.5+1.9 33.9+35 32.9+2.8 24+4 26.6+3.7 23+4
Control 31.7x21 33.4+3.2 33.1+2.9 24.5x4 26.5+3.8 23+3
TC (mmol/L) Case 5.6+0.3 5.7x0.7 5.8+0.6 NR 6.3+ 0.6 NR
Control 48+0.4 5.8+0.7 5.7+0.6 NR 6.0+0.9 NR
TG (mmol/L) Case NR 1.2+0.5 1.2+0.5 NR 3.1+0.9 NR
Control NR 1.2+0.5 1.2+0.5 NR 3.0+£1.0 NR
HDL-C (mmol/L)| Case 1.3+0.2 1.1+0.2 1.1+0.2 NR 0.9+x01 NR
Control 1.2+0.1 1.1+0.2 1.2+0.2 NR 1.0+0.1 NR
LDL-C (mmol/L) Case 3.3+0.3 41+04 41+0.4 NR 4.7+0.8 NR
Control 3.2+0.2 41+0.4 4.0+04 NR 4.4+0.9 NR
FPG (mmol/L) Case 6.0+0.3 8.1%1.2 7.8x11 NR 6.1£0.7 NR
Control 6.2+0.3 8.0+1.1 7.5+0.9 NR 6.0+0.7 NR

*Values are stated as mean = SD. NR: not reported.
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L-carnitine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% ClI
Bloomer et al. 2009 -0.04 127 14 0.09 1.59 15 8.3% -0.09 [-0.82, 0.64] 2009
Hakeshzadeh et al. 2010 3.1 45 18 -02 36 18 9.4% -0.70[-1.37,-0.02] 2010
Shakeri et al. 2010 -16 286 18 04 281 18 9.4% -0.69[-1.36,-0.01] 2010
Malaguarnera et al. 2010 -3.9 315 36 -13 33 38 154% -0.80[-1.27,-0.32] 2010 ——=——
Derosa et al. 2010 -1.5 1.64 126 -1 14 132 288% -0.33[-0.57,-0.08] 2010 —a—
Derosa et al. 2011 -1.1 156 129 -0.9 157 125 288% -0.13 [-0.37, 0.12] 2011 —a
Total (95% Cl) 341 346 100.0% -0.39 [-0.62, -0.16] <@
Heterogeneity: Tau2=0.03; Chi2=8.96, df=5 (P=0.11); 12=44% t } t t
Test for overall effect: Z=3.27 (P=0.001) -1 050 05 1

Favors L-carnitine  Favors control

Figure 2 Net change in serum CRP concentrations associated with L-carnitine supplementation. The overall effect size has been
obtained using a random effect model and weighted by inverse variance of each trial.

Table Il Leave-one-out sensitivity analysis of pooled effect

size.
C-reactive protein
Standardized
Excluded study difrfT::rTce 95% Cl p-value
(mg/L)
Overall 039 [-0.62--0.16| 0.001
Et";‘?f*‘ze(;og -0.43 |-0.69--0.17| 0.001
Hakestmadeh | 036 |-0.61--0.11| 0.004
Melaguariera | 029 |-0.48--0.10| 0.003
Deros 10 045 |-0.79--010| 0.010
e o 036 |-0.61--011| 0.004
Deros 048 |-0.72--0.24 | <0.0001
Discussion

Overall, the findings arising from the present
meta-analysis revealed a significant and positive
effect of L-carnitine supplementation in reducing the
circulating levels of CRP  Of the six included trials,
three favored the significant effect of L-carnitine on
CRP (21, 23, 24). Two studies which reported nega-
tive data on the efficacy of L-carnitine were those
which investigated L-carnitine as an adjunctive thera-
py (19, 20). This disparity in findings may be due to
the impact of sibutramine and orlistat which were
used in combination with L-carnitine in the above ref-
erenced studies. Sibutramine and orlistat have been
previously reported to possess antiinflammatory prop-
erties and to be capable of reducing serum concen-
trations of CRP (37, 38). Besides, in both of the

aforementioned studies, although the reduction in
serum CRP was comparable between the groups after
12 months, the decreasing trend started earlier in the
group that received the L-carnitine supplement.
Finally, both studies by Derosa et al. (38) were per-
formed among obese individuals who normally bear a
heightened state of inflammation. Hence, the anti-
obesity effects of orlistat and sibutramine, reflected as
reduced weight and BMI, are likely to predominate
over any antiinflammatory effect of L-carnitine and
could account for a substantial part of the observed
antiinflammatory effects. The study by Bloomer et al.
is another study which failed to find a significant CRP
lowering effect from L-carnitine (23). However, this
latter study had the lowest duration of supplementa-
tion which could be regarded as a probable reason
for not detecting any effect from L-carnitine.

Findings from the sensitivity analysis implied that
the detected significance for the efficacy of L-carni-
tine is robust and not considerably affected by a sin-
gle study. It is interesting to note that the weighted
pooled estimate for the effect of L-carnitine on circu-
lating levels of CRP is greater than those reported
from previous meta-analyses on soy isoflavones (40)
and telmisartan (41), but lower than those of fibrates
(42) and statins (6).

Further, beside its overreported role as a bio-
marker of the risk and severity of atherosclerosis and
cardiovascular disorders (43), CRP has been suggest-
ed to play an active role in the pathogenesis of CVD
(39, 44). Clues to the atherogenic potential of CRP
include its interaction with lipoproteins and other
components of atheroma which leads to subsequent
activation of the complement system and inflamma-
tion cascade (44, 45). Furthermore, there have been
claims stating that CRP can trigger proinflammatory
and proapoptotic responses through complement-
independent mechanisms such as overexpression of
cytokines, adhesion molecules, etc. (46). Since the
significant combined effect size calculated in the
present study was mainly derived from studies on
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hemodialysis patients, the clinical benefits of L-carni-
tine supplementation might be especially important
for patients with chronic renal failure or end-stage
renal disease who are on hemodialysis, as CVD is the
leading cause of death among these patients (47).
Moreover, heightened inflammation, as characterized
by elevated CRP levels, has been shown to be associ-
ated with CVD and mortality in patients with end-
stage renal disease (48).

There are several limitations that need to be
taken into account prior to any interpretation of the
present results. As the most important limitation, the
number of studies included in the quantitative data
synthesis was small. The present work was an attempt
to define the inclusion criteria in such a way that eli-
gible studies would constitute a homogenous popula-
tion. Nonetheless, there was still inter-study variability
regarding the underlying disease, age, smoking habit
and anthropometric indices of the recruited patient
populations. It is anticipated that these hetero-
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