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Considering the pathologic importance of oxidative stress and altered lipid metabolism in
osteoarthritis (OA), this study aimed to investigate the effect of L-carnitine supplementation on
oxidative stress, lipid profile, and clinical status in women with knee OA. We hypothesized that
L-carnitinewould improve clinical status bymodulating serum oxidative stress and lipid profile. In
this randomizeddouble-blind, placebo-controlled trial, 72 overweight or obesewomenwithmild to
moderatekneeOAwere randomlyallocated into2groups to receive750mg/d L-carnitineorplacebo
for 8 weeks. Dietary intake was evaluated using 24-hour recall for 3 days. Serummalondialdehyde
(MDA), total antioxidant capacity (TAC) and lipid profile, visual analog scale for pain intensity, and
patient global assessment of severity of disease were assessed before and after supplementation.
Only 69 patients (33 in the L-carnitine group and 36 in the placebo group) completed the study.
L-Carnitine supplementation resulted in significant reductions in serumMDA (2.46 ± 1.13 vs 2.16 ±
0.94nmol/mL), total cholesterol (216.09 ±34.54vs206.12±39.74mg/dL), and low-density lipoprotein
cholesterol (129.45 ± 28.69 vs 122.05 ± 32.76mg/dL) levels comparedwith baseline (P < .05), whereas
these parameters increased in the placebo group. Serum triglyceride, high-density lipoprotein
cholesterol, and TAC levels did not change significantly in both groups (P > .05). No significant
differences were observed in dietary intake, serum lipid profile, MDA, and TAC levels between
groups after adjusting for baseline values and covariates (P > .05). Therewere significant intragroup
and intergroup differences in pain intensity and patient global assessment of disease status after
supplementation (P < .05). Collectively, L-carnitine improved clinical status without changing
oxidative stress and lipid profile significantly in womenwith knee OA.
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1. Introduction

Osteoarthritis (OA) is a common age-related disabling disease
characterized by degradation and loss of articular cartilage as
well as osteophyte formation [1]. It is the most common
musculoskeletal disorder that can develop in any joint in the
body, but knees are one of the most commonly affected joints
because they are the primary weight-bearing joints of the
body [2]. The prevalence of this debilitating disease is higher
in women than in men [3].

The mechanisms responsible for development and pro-
gression of OA are very complex and poorly understood. It has
been suggested that major mechanism underlying pathogen-
esis of OA is continuous oxidative stress to cells and matrix.
In fact, when reactive oxygen species production exceeds the
antioxidant defense capacities of chondrocytes, oxidative
stress occurs leading to collagen, proteoglycans, and
hyaluronan oxidation and finally to structural and functional
cartilage damage [4]. Degradation products and oxidized
molecules may contribute to synovial inflammation and
form a vicious circle, consisting of new reactive oxygen
species formation and further degradation products. Further-
more, several studies suggest that lipids might be involved in
OA pathogenesis. In an early study, a positive association was
observed between high serum cholesterol levels and hand OA
in women [5]. In the Chingford [6], Ulm [7] and Saudi Arabian
[8] studies, an association between high serum cholesterol
levels and radiologic evidence of OA has been reported, which
further supports the hypothesis that serum cholesterol is a
systemic risk factor for OA. It has been reported that altered
lipid metabolism is associated with the development of new
bone marrow lesions, which are related to the progression of
cartilage defects [9] and loss of it [10–12]. In addition, it has
been proposed that active inflammatory environment asso-
ciated with OA may result from disordered lipid metabolism,
possibly through inflammatory pathways [13].

Common therapies for OA include lifestyle modifications
and pharmacologic agents. Conventional drug treatments
include analgesics, anti-inflammatory agents, hyaluronic
acid, and intra-articular glucocorticoids [14]. To avoid the
cardiac risks and gastrointestinal complications associated
with traditional OA treatments particularly with long-term
use [15,16], there has been a focus on complementary and
alternative medicines recently, especially nutritional supple-
ments. Considering the pathologic importance of oxidative
stress and altered lipid metabolism in OA, it seems that
administration of dietary supplements, which decrease oxi-
dative stress and have beneficial effects on lipid levels, would
be useful in managing OA. L-Carnitine is a dietary supplement
that plays an important role in shuttling the long-chain fatty
acids across the inner mitochondrial membrane for β-
oxidation and ATP production [17] and prevents the accumu-
lation of end-products of lipid peroxidation due to its
antioxidant effects [18]. According to previous studies,
levels of malondialdehyde (MDA) decreased significantly
after L-carnitine supplementation in patients with type 2
diabetes [19], coronary artery disease [20], and hemodialy-
sis [21,22]. Furthermore, Malaguarnera et al [19] reported that
L-carnitine supplementation in patients with type 2 diabetes
and nonalcoholic steatohepatitis [23] led to a significant
decrease in serum total cholesterol (TC), low-density lipopro-
tein cholesterol (LDL-C), and triglyceride (TG) levels.
Recently, L-carnitine was reported to be effective in manage-
ment of arthritis [24–26]. According to Bianchi et al [25],
acetyl-L-carnitine was able to attenuate pain in OA rat knee.
There has been only one study that investigated the effect of a
food supplement sachet containing L-carnitine fumarate
(345 mg) in patients with knee OA, which concluded that
visual analog scale (VAS) score decreased significantly after
the supplementation [26].

Considering the antioxidant and lipid-lowering properties
of L-carnitine and because there was no study investigated
these properties in OA patients as well as the scarcity of data
regarding the effects of L-carnitine on clinical status, we
hypothesized that L-carnitine supplementation would im-
prove clinical status by modulating serum oxidative stress
and lipid profile. To test the hypothesis, this study was
designed to evaluate the effects of L-carnitine supplementa-
tion on serum oxidative stress, lipid profile, and clinical status
in women with knee OA.
2. Methods and materials

2.1. Study participants

The study was conducted from November 2013 to November
2014. The sample size was calculated based on information
obtained from studies by Farid et al [2] and Geraci et al [26] on
the intensity of knee pain. Considering a confidence level of
95% and power of 80%, the sample was determined with at
least 30 cases in each group. The sample size was increased
to 36 cases in each group for a possible dropout of 20%.
Seventy-two volunteer women 40 to 60 years of age with the
diagnosis of mild to moderate bilateral primary knee OA
according to the American College of Rheumatology criteria
[27,28] and a body mass index (BMI) of 25 to 34.9 kg/m2 were
recruited from the rheumatology clinics of Tabriz University
of Medical Sciences. The exclusion criteria were as follows:
secondary OA (due to a known disorder); arthroscopy,
surgery, or a joint injection of the target knee within the
previous 6 months; history of knee joint replacement; any
serious systematic disease, cardiovascular disease, diabetes
mellitus, liver, renal and/or thyroid disorders, and any other
chronic inflammatory disease; pregnancy and lactation;
smoking; alcohol intake; consumption of lipid-lowering
medications, omega-3-fatty acids (eg, fish oil), and antioxidant
supplements; and use of nonsteroidal anti-inflammatory drugs
2weeks prior to and during the intervention. Because the use of
nonsteroidal anti-inflammatory drugs was not allowed
during the trial, patients were permitted to use acetamino-
phen per day for relieving pain and symptoms if needed. The
study protocol was approved by the Ethics Committee of
Tabriz University of Medical Sciences (Iran) and registered on
the Iranian Registry of Clinical Trials Web site (code:
IRCT201311231197N17). All subjects were made aware of the
content of the study, and a written informed consent was
obtained from each subject.
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2.2. Study design

This study was a randomized, double-blind, placebo-
controlled trial. The eligible participants were randomly
allocated into the intervention and placebo groups based on
random block procedure consisting of 4 subjects per block,
which matched subjects to each block based on menopausal
status, BMI and age, produced by Random Allocation Soft-
ware, version 1.0 (M. Saghaei, Department of Anesthesia,
Isfahan University of Medical Sciences, Isfahan, Iran) [29]. A
computer-generated random sequence was kept in a remote
secure location and administered by an independent third
party who was not involved with the clinical conduct of study
until all data were collected and verified. Patients and those
involved in enrolling participants, administering interven-
tions, and assessing outcomes were blind to group assign-
ments. The experimental group (n = 36) received 750 mg L-
carnitine tartrate per day divided into 3 equal doses of one
250-mg tablet after each meal for 8 weeks (L-carnitine; Karen
Pharmaceutical & Nutrilife Co, Yazd, Iran). The control group
(n = 36) received placebo according to the same regimen and
for the same duration (placebo; Karen Pharmaceutical &
Nutrilife Co). The placebo pills contained inactive ingredients
with no therapeutic activity and had an identical appearance.
The participants were asked to keep their usual dietary intake
and physical activity during the study period. Patients were
monitored weekly for any adverse effects of L-carnitine
supplementation. A diagram of the study design is shown
in Fig. 1.
Fig. 1 – Study flow diagram.
2.3. Physical activity, anthropometry, and dietary
intake assessments

At the onset of the study, all patients underwent routine
physical examinations. A general questionnaire was com-
pleted for each subject, and physical activity levels of the
patients were assessed using the short form of the Interna-
tional Physical Activity Questionnaire by an instructed
interviewer [30]. The patients were classified as having high,
moderate, or low physical activity levels according to the
categorical scoring protocol of the short form of International
Physical Activity Questionnaire [31]. At the beginning and at
the end of the intervention period, bodyweight wasmeasured
to the nearest 0.5 kg using a Seca scale (Hamburg, Germany),
with the patients being barefoot and wearing light clothing.
Height was also measured using a mounted tape, with the
participants' arms hanging freely by their sides and recorded
to the nearest 0.5 cm. Body mass index was calculated by
dividing weight (in kilograms) by the square of height (in
meters) [32]. Information on food intake was collected by
using a 24-hour recall method for 3 days (including 2 working
days and 1 weekend) a week before and at the end of
supplementation. Dietary intake of subjects was analyzed
with the Nutritionist IV software program (First Databank Inc,
Hearst Corp, San Bruno, CA, USA).

2.4. Blood sampling

At the beginning and at the end of the trial period, 5 mL of
venous blood samples was collected after 12-hour overnight
fasting. The serum samples were separated from whole blood
by centrifugation at 3200 rpm for 10 minutes and were kept
at −80°C until biochemical analysis.

2.5. Serum MDA

SerumMDA levels (used as amarker for oxidative stress) were
determined through a reaction with thiobarbituric acid (TBA)
as a TBA-reactive substance [33]. Briefly, serum samples were
mixed with 3 mL of 1.0% phosphoric acid and 1.0 mL of 0.67%
TBA, and then heated in a boiling water bath for 45 minutes.
After cooling, 3 mL of n-butanol was added and the mixture
was centrifuged at 3000 rpm for 10 minutes to separate into 2
layers. Thiobarbituric acid–reactive substance contents of
the n-butanol layer were spectrophotometrically determined
at 532 nm.

2.6. Serum total antioxidant capacity

Serum total antioxidant capacity (TAC) was measured
using a Randox total antioxidant status kit (Crumlin, County
Antrim, United Kingdom), in which 2,2′-azino-bis(3-
ethylbenzothiazoline-6-sulfanate) (ABTS) is incubated with
a peroxidase and H2O2 to produce the radical cation ABTS+.
This has a stable blue-green color, which is measured at
600 nm on an automatic analyzer (Abbott model Alcyon 300;
Abbott Laboratories, Abbott Park, IL, USA). Antioxidants
in the added sample cause suppression of this color
production to a degree that is proportional to their
concentration [34].



Table 1 – Baseline characteristics of study subjects

Variable L-Carnitine
group (n = 33)

Placebo group
(n = 36)

P a

Age (y) 51.63 ± 5.69 52.44 ± 6.56 .588
Weight (kg) 77.42 ± 9.62 78.27 ± 10.18 .722
Height (cm) 156.48 ± 6.01 155.22 ± 6.72 .415
BMI (kg/m2) 31.57 ± 3.06 32.43 ± 3.16 .256
Duration of OA (y) 4.13 ± 3.83 5.83 ± 5.92 .167
Menopause status, n (%) .933
Not menopause 15 (45.5) 16 (44.4)
Menopause 18 (54.5) 20 (55.6)

Physical activity level, n (%) .575
Low 19 (57.6) 19 (52.8)
Moderate 13 (39.4) 14 (38.9)
High 1 (3.0) 3 (8.3)

Values are means ± SD, unless otherwise indicated.
P < .05 was considered significant.
a P values indicate comparison between groups at baseline
(independent-sample t test, χ2, or Mann-Whitney U test, as
appropriate).
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2.7. Serum lipid profile

Serum TC, TG, and high-density lipoprotein cholesterol
(HDL-C) were measured using the standard enzymatic-
colorimetric method by Bionik Diagnostic Kits (Tehran, Iran).
Methods sensitivities were 1, 1, and 1mg/dL, respectively. The
reference range value for cholesterol, based on this method,
was lower than 200 mg/dL, whereas top-edge range values
were 200 to 240 mg/dL and high-level range values were
higher than 240 mg/dL. The reference range value for TG was
lower than 200 mg/dL, whereas top-edge range values were
200 to 400mg/dL and high level range values were higher than
400 mg/dL. The reference range value for HDL-C was more
than 35 mg/dL. Low-density lipoprotein cholesterol concen-
tration was determined using the Friedewald formula [23]:
LDL-C = TC − (HDL-C + TG/5).

2.8. Clinical status assessment

A VAS assessment of pain was also included. With this
assessment, a line of 100 mm is drawn to measure the
individuals' pain status, with 0 representing no pain and 100
being unbearable pain. Patients marked the relevant amount
of pain experienced on this line, and the value was noted by
the investigator, in millimeters [35]. Based on the distribution
of pain VAS scores in patients who described their pain
intensity as none, mild, moderate, or severe, the following cut
points on the pain VASwere recommended: no pain (0-4mm),
mild pain (5-44 mm), moderate pain (45-74 mm), and severe
pain (75-100 mm) [36]. In addition, the patient global
assessment of the severity of knee OA, measured on a 0- to
100-mm VAS, was evaluated, where 0 equals no symptoms
and higher scores indicate a lower response to therapy (or
more severe the disease) [37]. Similar to pain status, patients
marked the relevant severity of disease experienced on
this line and the value was noted by the investigator, in
millimeters [35].

2.9. Statistical analyses

Statistical analysis was performed using SPSS version 16.0
software (SPSS, Inc, Chicago, IL, USA). Normality of variables
distribution was evaluated using the Kolmogorov-Smirnov
test. Variables not normally distributed were analyzed using a
nonparametric test. Qualitative and normally distributed
quantitative variables were displayed as numbers (percent-
ages) and means ± SD, respectively. Nonnormally distributed
quantitative variables were presented as median (interquar-
tile range). Demographic variables were analyzed using a χ2 or
independent-sample t test, as appropriate. The differences
between variables before and after intervention were com-
pared by paired t test or Wilcoxon signed rank test. Between-
group comparisons were made by independent-sample t test
or Mann-Whitney U test. Analysis of covariance (ANCOVA)
was used to identify any differences between the 2 groups
at the end of the study, adjusting for baseline values and
covariates (duration of OA, changes of weight and calorie
intake, and antioxidant micronutrients intake such as vita-
mins A, C, E, and minerals zinc and selenium). The Sign
and Mann-Whitney U tests were used for intragroup and
intergroup comparisons of the qualitative data, respectively.
P < .05 was considered statistically significant.
3. Results

3.1. Participant demographics

From a total of 72 subjects who met the inclusion criteria and
entered the study, 3 subjects in the L-carnitine group were
withdrawn due to discontinuing intervention (traveling and
poor compliance with study protocols) and lost to follow-up
(personal reason). Therefore, the data were reported for 69
patients (33 in the L-carnitine group and 36 in the placebo
group; Fig. 1). Participants did not report any adverse effects
or symptoms with the L-carnitine consumption or placebo
during the study, which confirmed the safety of L-carnitine in
the present study as well as previous trials. Overall, the use of
acetaminophen was low and very similar in both treatment
groups throughout the study (21.2% in the L-carnitine group
and 22.2% in the placebo group). There were no significant
differences between the groups for acetaminophen use (P >
.05). The means ± SD age and BMI of the participants were
52.05 ± 6.13 years and 32.02 ± 3.12 kg/m2, respectively. Thirty-
eight female participants (55.1%) had reached menopause. As
presented in Table 1, there were no significant differences
in demographic characteristics, duration of disease, or in
physical activity level between the study groups at baseline.

3.2. Anthropometric measures and daily dietary intake

Table 2 presents the anthropometric measures and daily
dietary intake details of participants throughout the study. No
significant changes were seen between and within groups in
weight and BMI of subjects after 8 weeks of intervention (P >
.05). In comparison with baseline, total energy, carbohydrate,
and selenium intake decreased significantly in the L-carnitine
group by 7.88%, 9.14%, and 22.33%, respectively (P < .05).



Table 2 – Anthropometric measures and dietary intake of subjects at baseline and after 8 weeks

Variable L-Carnitine group (n = 33) Placebo group (n = 36) P a

Weight (kg) Baseline 77.42 ± 9.62 78.27 ± 10.18 .722
After 8 wk 76.86 ± 9.97 78.16 ± 10.80 .357
P b .069 .747

BMI (kg/m2) Baseline 31.57 ± 3.06 32.43 ± 3.16 .256
After 8 wk 31.34 ± 3.24 32.37 ± 3.32 .461
P b .078 .662

Energy (kcal/d) Baseline 1883.27 ± 381.23 1845.64 ± 418.90 .698
After 8 wk 1734.69 ± 442.34 1763.03 ± 416.91 .566
P b .012 .281

Carbohydrate (g/d) Baseline 300.92 ± 77.29 293.24 ± 76.13 .679
After 8 wk 273.39 ± 80.03 277.58 ± 78.62 .641
P b .025 .305

Protein (g/d) Baseline 64.04 ± 12.95 63.66 ± 13.45 .907
After 8 wk 63.60 ± 16.16 60.43 ± 15.75 .413
P b .885 .265

Total fat (g/d) Baseline 50.58 ± 16.09 50.04 ± 14.09 .881
After 8 wk 45.98 ± 15.18 49.39 ± 17.55 .294
P b .095 .815

Vitamin A (RE/d) Baseline 1073.64 ± 813.38 905.39 ± 564.82 .319
After 8 wk 944.77 ± 778.61 920.85 ± 537.36 .801
P b .337 .902

Vitamin E (mg/d) Baseline 2.89 (2.31-5.33) 2.12 (1.61-3.22) .017
After 8 wk 2.55 (1.53-5.44) 2.38 (1.94-3.80) .676
P c .586 .376

Vitamin C (mg/d) Baseline 120.24 ± 76.44 98.37 ± 47.13 .163
After 8 wk 112.85 ± 71.10 113.97 ± 89.47 .615
P b .648 .254

Zinc (mg/d) Baseline 5.86 ± 1.83 5.99 ± 1.91 .781
After 8 wk 6.08 ± 2.41 5.75 ± 2.02 .427
P b .631 .446

Selenium (mg/d) Baseline 0.08 ± 0.02 0.06 ± 0.02 .012
After 8 wk 0.06 ± 0.02 0.06 ± 0.02 .915
P b .013 .771

Vitamin E is reported as median (interquartile range), and other values are reported as means ± SD.
P < .05 was considered significant.
a P values indicate comparison between groups (independent-sample t test and/or Mann-Whitney U test for normally and nonnormally
distributed measures, respectively, at baseline or ANCOVA test, adjusted for baseline values, after 8 weeks).
b P values indicate comparison within groups (paired t test).
c P values indicate comparison within groups (Wilcoxon signed rank test).
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Except for selenium and vitamin E, there were no significant
differences between the 2 groups for energy, macronutrients,
and other micronutrients intake at baseline (P > .05). At the
end of the study, results of ANCOVA test did not show
statistically significant differences between the 2 studied
groups in energy, macronutrients, and micronutrients intake,
adjusted for baseline values (P > .05).

3.3. Serum oxidative stress parameters

As illustrated in Table 3, the independent-sample t test
results did not show significant differences between the
2 groups in terms of serum MDA and TAC levels at baseline
(P > .05). Serum MDA level decreased significantly in the
L-carnitine group by 12.30% (P < .05), whereas it increased
insignificantly by 4.73% in the placebo group (P > .05) after the
experimental period. The mean serum TAC levels did not
change significantly in both groups after the study. Results of
ANCOVA test also did not show statistically significant
differences between the 2 studied groups in serum MDA and
TAC levels at the end of the study (P > .05), adjusted for
baseline values and covariates (Table 3).

3.4. Serum lipid levels

As shown in Table 4, the independent-sample t test results
revealed no significant differences between the 2 groups in
terms of serum lipid levels at baseline (P > .05). Serum levels of
TC and LDL-C decreased significantly in the L-carnitine group
by 4.61% and 5.71%, respectively, whereas these parameters
increased insignificantly by 1.87% and 2.13%, respectively, in
the placebo group, at the end of the study compared with
baseline values (Table 4). Levels of serum TG and HDL-C did
not change significantly in both groups at the end of the
intervention. At the end of the study, results of ANCOVA test
did not show statistically significant differences between the
2 studied groups in serum TG, TC, HDL-C, and LDL-C levels,
adjusted for baseline values and covariates (P > .05).



Table 3 – Serum oxidative stress status of subjects at
baseline and after 8 weeks

Variable L-Carnitine
group (n = 33)

Placebo
group (n = 36)

P a

MDA
(nmol/mL)

Baseline 2.46 ± 1.13 2.26 ± 0.79 .400
After 8 wk 2.16 ± 0.94 2.37 ± 0.97 .338
P b .045 .483

TAC (mmol/L) Baseline 1.77 ± 0.32 1.73 ± 0.22 .545
After 8 wk 1.71 ± 0.24 1.73 ± 0.28 .784
P b .098 .826

Values are means ± SD.
P < .05 was considered significant.
a P values indicate comparison between groups (independent-
sample t test at baseline and ANCOVA test, adjusted for baseline
values, duration of OA, weight, calorie intake, and antioxidant
micronutrients intake changes, after 8 weeks).
b P values indicate comparison within groups (paired t test).
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3.5. Clinical status

Table 5 shows the distribution of pain intensity in the L-carnitine
and placebo groups before and after the study. At baseline, there
were no significant differences in pain intensity between the
study groups (P > .05). At the end of the study, significant
differences in pain intensitywere observed between the 2 groups
(P < .05). Results of Sign test also showed significant intragroup
changes in pain intensity in the L-carnitine (P < .001) and placebo
(P = .012) groups. Fig. 2 depicts the patient global assessment of
the severity of knee OA before and after intervention in the
L-carnitine and placebo groups. At baseline, there were no
significant differences between the 2 groups for mean patient
global assessment of the severity of knee OA (P = .536). Patient
global assessment of the severity of knee OA decreased
significantly by 46.48% in the L-carnitine group (P < .001) and by
Table 4 – Serum lipid profile of subjects at baseline and after 8 weeks

Variable L-Carnitine group (n = 33) Placebo group (n = 36) P a

TG (mg/dL) Baseline 167.00 ± 94.39 140.39 ± 62.77 .169
After 8 wk 164.45 ± 86.32 139.36 ± 67.67 .465
P b .812 .890

TC (mg/dL) Baseline 216.09 ± 34.54 202.53 ± 26.92 .072
After 8 wk 206.12 ± 39.74 206.33 ± 40.78 .111
P b .015 .482

HDL-C (mg/dL) Baseline 53.24 ± 11.19 51.91 ± 11.76 .634
After 8 wk 51.18 ± 10.82 53.30 ± 13.03 .070
P b .117 .268

LDL-C (mg/dL) Baseline 129.45 ± 28.69 122.53 ± 22.58 .268
After 8 wk 122.05 ± 32.76 125.16 ± 34.39 .249
P b .041 .630

TC/HDL-C Baseline 4.16 ± 0.80 4.05 ± 0.89 .590
After 8 wk 4.10 ± 0.77 4.04 ± 1.10 .872
P b .540 .914

Values are means ± SD.
Abbreviation: TC/HDL-C, TC/HDL-C ratio.
P < .05 was considered significant.
a P values indicate comparison between groups (independent-sample t test at baseline and ANCOVA test, adjusted for baseline values,
duration of OA, weight, and calorie intake changes, after 8 weeks).
b
 P values indicate comparison within groups (paired t test).
8.58% in the placebo group (P = .012) after supplementation. At
the end of the study, ANCOVA test revealed a significant
difference between the 2 groups for mean patient global
assessment of the severity of knee OA (P < .001), adjusted
for baseline values, weight and calorie intake changes, and
duration of OA.
4. Discussion

It has been proposed that lipid peroxidation products, that is,
MDA levels, as an indicator of oxidative stress, increase
significantly in patients with OA [38,39]. Moreover, it has
been reported that plasma TAC levels are significantly lower
in patients with OA compared with healthy subjects [40].
Therefore, treatment with antioxidants may be helpful as a
secondary therapy to prevent further oxidative damage and
deterioration of themusculoskeletal tissues in OA. L-Carnitine
is a dietary supplement with known antioxidant properties
and has been reported to have beneficial effects in common
chronic diseases. Previous studies have shown that L-carnitine
supplementation decreases MDA concentrations significantly
in healthy women [41], patients with type 2 diabetic [19],
patients with coronary artery disease [20], patients undergoing
hemodialysis [21,22]. Lee et al [20] reported that L-carnitine
supplementation increased levels of antioxidant enzymes
activities (eg, catalase, superoxide dismutase, glutathione
peroxidase) significantly in patients with coronary artery
disease. In addition, Cao et al [42] demonstrated that carnitine
administration led to a gradual increase in plasma concentra-
tions of TAC in healthy subjects. These observations support
the antioxidant role of carnitine, which is most likely due to
stabilization of various membranes, including the mitochon-
dria [43], increased levels of different antioxidant enzymes [44],
inhibition of microsomal peroxidation [45,46], and prevention
of fatty acid membrane peroxidation [47]. In the present study,



Table 5 – Pain intensity of subjects before and after intervention

Variable L-Carnitine group (n = 33) Placebo group (n = 36) P a

No pain Mild Moderate Severe No pain Mild Moderate Severe

Pain intensity Before 0 (0.0) 10 (30.3) 19 (57.6) 4 (12.1) 0 (0.0) 15 (41.7) 15 (41.7) 6 (16.7) .593
After 2 (6.1) 26 (78.8) 5 (15.2) 0 (0.0) 0 (0.0) 23 (63.9) 10 (27.8) 3 (8.3) .019
P b <.001 .012

Pain intensity was assessed using a 0- to 100-mm VAS scale, with 0 representing no pain and 100 being unbearable pain. Based on distribution
of pain VAS scores in patients who described their pain intensity as none, mild, moderate, or severe, the following cut points on the pain VAS
were recommended: no pain (0-4 mm), mild pain (5-44 mm), moderate pain (45-74 mm), and severe pain (75-100 mm).
Values are number (percentage) of subjects per group.
P < .05 was considered significant.
a P values indicate comparison between groups (Mann-Whitney U test).
b P values indicate comparison within groups (Sign test).

Fig. 2 – Patient global assessment of the severity of knee OA
(100-mm VAS) in the treatment groups at baseline and after 8
weeks. Values are means ± SD (n = 33 in the L-carnitine group
and n = 36 in the placebo group). The data were tested using
independent-sample t test at baseline and ANCOVA test,
adjusted for baseline values, duration of OA, weight, and
calorie intake changes, after 8 weeks. Means that do not share
a common letter indicate statistical difference at P < .05. The
mean values were significantly different compared with
baseline in both groups (paired t test): ⁎P < .001; ⁎⁎ P < .05.
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a significant reduction in serum MDA levels occurred in
the L-carnitine group from baseline to eighth week; however,
L-carnitine supplementation did not lead to a significant
decrease in serum MDA levels compared with the placebo
group. In addition, we did not observe any significant
differences in serum TAC levels within or between groups.
This discrepancy between our findings with previous studies
might be due to differences in studied population, baseline
MDA and TAC status, and dosage and duration of L-carnitine
supplementation.

Moreover, our results indicated significant reductions in
serum TC and LDL-C levels in the L-carnitine group compared
with baseline; however, no significant differences were
observed in serum lipid levels between the L-carnitine and
placebo groups after supplementation. Our findings were in
line with the results of previous studies in obese women [48]
and in patients with type 2 diabetes [49]. The lack of
difference in serum lipid profile between the 2 groups might
be due to the fact that participants' lipid profile was within
the reference range, similar to the normal-weight partici-
pants. These results differ from other authors' findings in
patients with type 2 diabetes [19] and patients with nonalco-
holic steatohepatitis [23], in which the studied patients were
hyperlipidemic. This inconsistency between results of differ-
ent studies might be attributable to differences in baseline
lipid profile status, physiological circumstances (eg, different
types of disease), and dosage and duration of L-carnitine
administration. It has been proposed that L-carnitine supple-
mentation decreases serum LDL-C levels via different mech-
anisms such as reducing level of fatty acid inflow for LDL-C,
up-regulation of LDL receptors, and decreasing TC, apolipo-
protein B100, and TG levels, as well as the generation of
subnormal very LDLs [50,51].

Clinically, OA is characterized by joint pain, tenderness,
limitation of movement, crepitus, and occasional effusion
[52]. Pain is themost prominent and disabling symptom of OA
which is associated with functional outcomes and reduced
quality of life [53]. Currently, there is no apparent cure for OA.
Therefore, the goals of treatments are to alleviate the pain
and symptoms of the disease and, if possible, to slow its
progression. In present study, we noted significant within-
group reductions in pain intensity and patient global assess-
ment of severity of knee OA at week 8 compared with baseline
among subjects given both L-carnitine and placebo; however,
the magnitude of this reduction was higher in the L-carnitine
group, which led to significant differences between the 2
groups at the end of the study. The real mechanism
underlying this event is not clear, but because we found no
significant differences in serum oxidative stress parameters
and lipid profile between the L-carnitine and placebo groups,
we supposed that further studies are needed to elucidate the
exact mechanism of improving clinical status by L-carnitine
in patients with knee OA. It has been reported that placebo
could be effective in treatment of OA, especially for pain [54].
Because there were no significant differences between the
groups for acetaminophen use during the study, the reduction
of pain intensity in the placebo group is most likely due to the
placebo effect. Our findings were in agreement with the only
similar study carried out by Geraci et al [26], in which a food
supplement sachet containing L-carnitine fumarate (345 mg)
decreased pain intensity significantly in patients with knee
OA after the intervention (P < .05).

The limitations of the present study included a short
duration of the intervention and low dose of treatment. In
addition, we did not evaluate serum L-carnitine levels of the

image of Fig.�2
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patients. The strength of our study was monitoring
patient status by weekly telephone conversations. Moreover,
L-carnitine appeared to be well tolerated by participants and
anecdotal reports indicated that the intervention was accept-
able to them. In conclusion, L-carnitine improved clinical
status without changing oxidative stress and lipid profile
significantly in women with knee OA. Therefore, we reject the
hypothesis that L-carnitine would improve clinical status in
womenwith knee OA bymodulating oxidative stress and lipid
profile. Long-term studies with higher doses of L-carnitine
and measuring other indicators of oxidative damage in
hyperlipidemic patients with OA would help to further clarify
the subject.
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