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Summary

 Background: L-carnitine was proposed as a potential treatment for patients diagnosed with an autism spectrum 
disorder to improve mitochondrial dysfunction, but no prior randomized controlled trials have 
been conducted.

 Material/Methods: Thirty subjects diagnosed with an ASD were randomly assigned to receive a standardized reg-
imen (50 mg L-carnitine/kg bodyweight/day) of liquid L-carnitine (n=19) or placebo (n=11) 
for 3-months. Measures included changes in professionally completed Childhood Autism Rating 
Scale (CARS), hand muscle testing, and modified clinical global impression (CGI) forms; parent 
completed Autism Treatment Evaluation Checklist (ATEC), treatment adherence measurement 
(TAM), frequency and intensity of side effect rating (FISER)/global rating of side effect burden 
(GRSEB)/patient report of incidence of side effects (PRISE) forms; and lab testing.

 Results: Significant improvements were observed in CARS (–2.03, 95% CI=–3.7 to –0.31), CGI (–0.69, 95% 
CI=–1.1 to –0.06), and ATEC scores. Significant correlations between changes in serum free-carni-
tine levels and positive clinical changes were observed for hand muscle strength (R2=0.23, P=0.046), 
cognitive scores (R2=0.27, P=0.019), and CARS scores (R2=0.20, P=0.047). Study subjects were pro-
tocol-compliant (average adherence was >85%) and generally well-tolerated the L-carnitine ther-
apy given.

 Conclusions: L-carnitine therapy (50 mg/kilogram-bodyweight/day) administered for 3-months significantly im-
proved several clinical measurements of ASD severity, but subsequent studies are recommended.
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BACKGROUND

The U.S. Centers for Disease Control and Prevention 
(CDC) recently reported that about 1% of U.S. children 
are diagnosed with an autism spectrum disorder (ASD) [1]. 
Investigators have described that an ASD is a devastating dis-
ease with impairments in social relatedness and communi-
cation, repetitive behaviors, abnormal movement patterns, 
and sensory dysfunction that places an enormous burden 
on the society in general and the relatives and caregivers 
of patients diagnosed with an ASD in particular [2]. The 
diagnosis of ASD can be made as early as 2 years of age; 
and patients diagnosed with an ASD often have a normal 
life span. Thus, in terms of the number of “patient years”, 
ASD patients represent a patient population that is as large 
as that of Alzheimer’s disease, the current biggest neuro-
logical disorder. Despite the clear unmet medical need, 
currently, there is no recognized effective comprehensive 
treatment [2].

Some children diagnosed with an ASD demonstrate evi-
dence of impaired energy metabolism. Carnitine deficien-
cy has been observed in some patients diagnosed with an 
ASD [3]. Carnitine is essential for the utilization of fatty 
acids by the mitochondria. Thus, a deficiency in carnitine 
leads to impaired ATP production and decreased availabil-
ity of high-energy phosphate compounds. Mitochondrial 
dysfunction in patients diagnosed with an ASD is suggest-
ed by neuroimaging procedures, including positron emis-
sion tomography (PET) scanning and nuclear magnetic 
resonance (NMR) spectroscopy [4,5]. Further, several clin-
ical studies found evidence of disturbances of mild mito-
chondrial energy production among individuals diagnosed 
with an ASD [6,7].

As a result of the aforementioned observations in patients 
diagnosed with an ASD, one suggested approach to treating 
patients diagnosed with an ASD entails the administration of 
mitochondrial respiratory chain co-factors to enhance mito-
chondrial function. Such a strategy would employ stimula-
tion of enzyme activity by supplying precursors or co-enzyme 
and alternative substrates. Levocarnitine (L-carnitine) was 
among the suggested options for treatment [3,8]. L-carnitine 
is a carrier molecule in the transport of long-chain fatty ac-
ids across the inner mitochondrial membrane. The chemi-
cal name of L-carnitine is 3-carboxy-2(R)-hydroxy-N,N,N-tri-
methyl-1-propanaminium, inner salt. L-carnitine is a white 
crystalline, hygroscopic powder. It is readily soluble in wa-
ter, hot alcohol, and insoluble in acetone. Its chemical struc-
ture is shown in Figure 1. L-carnitine is a naturally occurring 
substance required in mammalian energy metabolism. The 
highest concentrations of carnitine are found in red meat 
and dairy products. In skeletal and cardiac muscle, where 
fatty acids are the main substrate for energy production, it 
has been shown to facilitate long-chain fatty acid entry into 
cellular mitochondria, thereby delivering substrate for oxi-
dation and subsequent energy production.

The hypothesis tested in the present study was that blood 
carnitine levels in patients diagnosed with an ASD have a 
significant impact on behavior, cognition, socialization, and 
health/physical traits associated with an ASD diagnosis. The 
present prospective, double-blind, placebo controlled tri-
al evaluated whether a standardized treatment regimen of 

liquid L-carnitine administered to patients diagnosed with 
an ASD on a daily basis for 3-months would result in im-
proved behavior, cognition, socialization, and health/phys-
ical traits associated with an ASD diagnosis.

MATERIALS AND METHODS

Subjects

A total of 34 subjects diagnosed with an ASD, aged from 
3 to 10 yrs-old (30 males, 4 females) were recruited to the 
study. The study subjects had bodyweights between 13.2 Kg 
to 40.4 Kg. None of the study subjects had previously re-
ceived carnitine-based therapy or previous methionine or 
lysine supplementation. None of the study subjects had 
any change in therapy or treatment (including medica-
tions) within 1 month prior to the study. The study proto-
col received Institutional Review Board (IRB) approval from 
Liberty IRB, Inc. (Deland, Florida). All parents signed a con-
sent and Health Insurance Portability and Accountability 
Act (HIPAA) form and all received a copy.

Clinical measures

Childhood autism rating scale (CARS)

Study participants were evaluated using a CARS test conduct-
ed only by a single study investigator (JKK) who observed 
the subjects and interviewed the parent(s), and was unaware 
as to the treatment status of the subject. The CARS test is 
a 15-item behavioral rating scale developed to identify au-
tism as well as to quantitatively describe the severity of the 
disorder. The CARS test is a well-established measure of au-
tism severity [9]. The internal consistency reliability alpha 
coefficient is 0.94; the inter-rater reliability correlation co-
efficient is 0.71; and the test-retest correlation coefficient 
is 0.88 [10]. CARS scores have high criterion-related valid-
ity when compared to clinical ratings during the same di-
agnostic sessions, with a significant correlation of 0.84 [10].

Autism treatment evaluation checklist (ATEC)

Each study subject was evaluated by their parents using 
an ATEC form. Parents were unaware as to the treatment 
status of their child. The ATEC, designed by the Autism 
Research Institute (San Diego, CA, USA), is a one-page 
form [11]. It consists of four subtests designed to measure 
the effects of treatment in persons with autism. The items 
are: (1) Speech/Language/Communication (14 items); (2) 
Sociability (20 items); (3) Sensory/Cognitive Awareness (18 
items); and (4) Health/Physical/Behavior (25 items). The 
internal consistency reliability of the measure is high (0.94 
for the Total score). The ATEC has been successfully used 
to measure treatment effects in autism [12–14].
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Modified clinical global impression (CGI)

An overall CGI score was collected by a single study investi-
gator (JKK) unaware of the treatment status of the study sub-
ject using a 3 point scoring system defined as follows: sub-
ject improved =1, subject the same =2, and subject worse =3.

Hand muscle testing

Each subject had their hand muscle strength tested using a 
pneumatic, adjustable squeeze pinch-gauge/dynamometer 
(Baseline Evaluation Instruments; White Plains, NY, USA) 
by a study investigator unaware of the treatment status of 
the subject. This instrument is a reliable and valid method 
for obtaining muscle force or torque measurements in chil-
dren [15,16]. Subjects were tested using the smallest hand 
grasp bulb, and were given as many tries as needed to reg-
ister their maximum grasp reading measured in kilopas-
cals (kPa) for each hand. Special emphasis was placed to 
ensure that the subject positioned the bulb in the palm of 
the hand and held the bulb in space to ensure that pressure 
was not applied by the study subject against a fixed surface. 
In addition, each study subject was strongly encouraged by 
a study investigator to give maximum effort.

Treatment adherence measure (TAM) form

A treatment adherence measure (TAM) form was complet-
ed by the parents of each study subject. Parents were un-
aware as to the treatment status of their child. The TAM 
is a ten-item self-report on treatment adherence that asks 
specific questions regarding the dose and frequency of use. 
The TAM was used to calculate the level of adherence to the 
treatment. It is a Morisky-type self-report adherence mea-
sure, designed to measure treatment adherence. Morisky-
type adherence measures have been used widely, demon-
strating good reliability as a self-report measure [17].

Frequency and intensity of side effect rating (FISER)/global 
rating of side effect burden (GRSEB)/patient report of 
incidence of side effects (PRISE)

The FISER/GRSEB/PRISE forms were completed by the 
parents of study subjects that were unaware of the treatment 
status of their children. The FISER/GRSEB/PRISE forms 
include global measures, each using a 7-point Likert-type 
scale rated 0–6, with one rating anchored for frequency, 
another rating the intensity of side effects encountered in 
the prior week that the study subject parents believed were 
due to the treatment, and the third asking the parents of 
study subjects to estimate the overall burden or degree of 
interference in day-to-day activities and function due to the 
side effects attributable specifically to the treatment [18]. 
Frequency of side effects is rated as a percent time present: 
0= no side effects; 1= present 10% of the time; 2=25% of 
the time; 3=50% of the time; 4=75%; 5=90%; and 6= pres-
ent all of the time. Intensity of side effects ranges from 0= 
no side effects to 6= intolerable side-effects. Impairment 
due to side effects ranges from 0= no side effects to 6= un-
able to function at all due to side-effects. The PRISE lists a 
variety of possible side effects from which to choose and a 
scale to rate the specific side effect. The measure also has a 
place to list any side effects not previously listed.

Lab testing

Study subjects had lab testing collected at a Laboratory 
Corporation of American (LabCorp) draw station in the 
morning following an overnight fast. The lab was not made 
aware of the treatment status of the study subjects. The pro-
cedures for collection and analysis were defined by LabCorp 
standard protocols (CLIA-approved). The following blood 
tests were collected and evaluated on each study subject, 
including: whole blood white blood cell count (WBC), 
whole blood red blood cell count (RBC), whole blood 
platelet count, serum creatinine, serum blood urine nitro-
gen (BUN), serum alkaline phosphatase, serum aspartate 
aminotransferase (AST/SGOT), serum alanine aminotrans-
ferase (ALT/SGPT), serum glucose, and serum carnitine 
(total and free).

Study drugs

L-carnitine was supplied in a liquid preparation by the 
Wellness Pharmacy (Birmingham, AL, USA) using a spe-
cific formula containing: 100 mg L-Carntine/mL with the 
inactive ingredients of methylcellulose, stevioside (stevia), 
tangerine flavor, and preserved water (containing methyl-
paraben and propylparaben). The placebos were identical 
in appearance and taste to the active preparation, contain-
ing a 1% methylcellulose suspension with the inactive ingre-
dients of stevioside (stevia), tangerine flavor, and preserved 
water (containing methylparaben and propylparaben). The 
recommended childhood starting dose of 50 mg L-carnitine 
per Kg bodyweight per day (half the total dose administered 
in the morning and half the total dose administered in the 
evening) described in the package insert for CARNITOR® 
(Sigma-Tau Pharmaceuticals, Inc., Gaithersburg, MD, USA) 
was utilized in the present study with dosing calculated based 
on each participant’s initial weight. The dosing regimen of 
the liquid preparation was identical in both the L-carnitine 
and placebo groups, so that each study subject received a to-
tal of 0.5 mL per Kg of bodyweight per day (administered as 
0.25 mL per Kg of bodyweight in the morning and 0.25 mL 
per Kg of bodyweight in the evening). Study subject-specif-
ic dosing instructions were placed on each liquid prepara-
tion provided to study subjects.

Study design

This was a randomized, double-blind, placebo-controlled 
study. The study was conducted between 2008 and 2010. 
The study subjects were recruited through community con-
tacts. The study protocol called for 20 subjects to receive 
L-carnitine and 10 study subjects to receive placebo. Figure 2 
summarizes the overall design of the present study. A total 
of 34 subjects were recruited for the present study. Four 
subjects withdrew prior to randomization into L-carnitine 
or placebo groups. A total of 30 subjects were randomly as-
signed to receive L-carnitine or placebo, and of these a to-
tal of 7 subjects (4 in the L-carnitine group and 3 in the 
placebo group) withdrew prior to successful completion 
of 3-months of therapy. Among the 7 subjects withdrawing 
from the study prior to successful completion of 3-months 
of therapy, 4 subjects withdrew because of adverse reactions 
(1 in the L-carnitine group and 3 in the placebo group), 2 
subjects did not comply with the study protocol, and 1 was 
lost to follow-up with no known adverse reaction. Further, 
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among the 4 subjects that withdrew because of adverse re-
actions, these patients were assessed using CARS and CGI 
scoring at the time of their withdrawal from the study.

Study subjects were shipped a 1 month supply of L-carnitine 
or placebo by Wellness Pharmacy, which automatically 
supplied subsequent refills on a monthly basis until each 
study subject received treatment for a total of 3-months. 
Laboratory, efficacy, and toleration evaluations were con-
ducted on study subjects at baseline and following 3-months 
of therapy. In addition, study investigators monitored study 
subjects to ensure compliance and to monitor for poten-
tial adverse reactions.

Prerandomization phase

Study subjects were seen for an initial screening where study 
investigators obtained information regarding demographics, 
formal diagnosis, age at diagnosis, age of apparent onset, in-
formation regarding delay or regression, any current med-
ical issues, medications, bodyweight, and allergies on each 
study subject. A baseline CARS evaluation was performed 
by a single study investigator (JKK), an ATEC form was com-
pleted by the parents, hand muscle testing was performed 
by study investigators, and PRISE form was completed by the 
parents of study subjects. In addition, blood samples were 
collected on each study subject at a LabCorp draw station.

Randomization phase

Following the initial screening and collection of labs, all study 
subjects started therapy within 30 days of baseline measure-
ments. A study investigator (DAG), who did not perform 
any clinical measurements on study subjects, used a coin-flip 
to randomly assign study subjects to either the L-carnitine 
or placebo groups. Since there was a difference in sample 
size between the L-carnitine and placebo groups, the place-
bo group was filled with study subjects before the treatment 
group, so that the latter study subjects were all assigned to 
the L-carnitine group. Study investigators in contact with 
the study subjects and the parents of study subjects were not 
informed of the treatment status (L-carnitine/placebo) of 
each study participant until all study subjects had completed 
the trial, and hence the assignment (L-carnitine/placebo) 
strategy employed should not have revealed any information 

regarding the treatment status of any study participant to 
study investigators in contact with study subjects and the 
parents of study subjects. Subsequently, a study investiga-
tor (DAG) arranged with Wellness Pharmacy for shipment 
of appropriate study medication. For the duration of the 
trial any concomitant use of drugs/supplements were not 
changed as far as possible.

Efficacy assessment

The primary lab efficacy measures were changes in total and 
free carnitine levels. Data were collected at baseline and 
at the end of the 3-months of treatment. In order to eval-
uate the clinical efficacy of treatment, CARS (determined 
by JKK) and ATEC (determined by the parents of the study 
subject) scores were generated at baseline and at the end of 
3-months of treatment. In addition, an overall CGI score at 
the end of the 3-months of treatment was collected by a sin-
gle study investigator (JKK). Finally, hand muscle strength 
(determined by a study investigator) was determined at base-
line and at the end of the 3-months of treatment.

Tolerability assessment

The primary lab tolerability measures were changes in WBC, 
RBC, whole blood platelet count, serum creatinine, serum 
BUN, serum alkaline phosphatase, serum AST/SGOT, se-
rum alanine aminotransferase ALT/SGPT, and serum glu-
cose. Data were collected at baseline and at the end of the 
3-months of treatment.

A TAM form was completed by the parents of each study 
subject at the end of treatment. In addition, information 
was collected using a PRISE form completed by the parents 
of study subjects at baseline and at the end of 3-months of 
therapy, and a FISER/GRSEB form was completed by the 
parents of study subjects at the end of 3-months of therapy.

Statistical analysis

The statistical package contained in StatsDirect (Version 
2.7.8) was utilized in the present study. All continuous vari-
ables were compared with the use of the parametric t-test 
statistic. Categorical variables were compared with the use 
of the Fisher’s exact test statistic. Outcomes measurements 

34 subjects meeting study entrance criteria at initial presentation
(4 withdrew from study)

30 subjects randomly assigned to receive blinded study drug

Allocated to L-Carnitine: 19 Allocated to placebo: 11

Withdraw: 4 Allocated to placebo: 11

1 adverse reation
2 study non-compliance
1 lost to follow-up (no know adverse reaction)

3 adverse reations

Figure 2. Trial profile of L-carnitine.
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in the areas of efficacy and tolerability were evaluated as the 
relative change in tests results following 3-months of treat-
ment in comparison to baseline measurements for each study 
subject. The null hypothesis was that there would be no dif-
ference in the data distributions of the relative change in 
test results following 3-months of treatment in comparison 
to baseline measurements between study subjects receiving 
L-carnitine in comparison to placebo. In addition, the sim-
ple linear-regression statistic was used to evaluate: for each 
study subject, regardless of his or her treatment status, the 
relationship between the change in serum free- carnitine 
levels following 3-months of treatment in comparison to his 
or her baseline measurements, and the changes in specific 
outcome measurements (hand muscle strength scores, cog-
nitive scores measured using the ATEC, and CARS scores) 
3-months of treatment in comparison to his or her baseline 
measurements. Further, 95% confidence intervals were de-
termined for each linear regression line. The null hypoth-
esis for each statistical test was that the slope of the line 
should be equal to zero. For all statistical tests performed 
in the present study, a two-tailed p-value ≤0.05 was consid-
ered to be statistically significant.

RESULTS

Table 1 summarizes the overall baseline characteristics of 
the study subjects assigned to the L-carnitine and placebo 
treatment groups. No significant differences were observed 

L-carnitine
(n=16)

Placebo
(n=11)

Age (y) 6.3±2.4** 6.7±1.6

Gender (n)

Male 14 9

Female 2 2

Race (n)

Caucasian 12 9

Minorities*** 4 2

Bodyweight (Kg) 22.3±5.6 23.5±3.7

Autism Spectrum Disorder (n)

Autism 10 8

PDD-NOS/Asperger’s Disorder 6 3

Table 1.  Baseline characteristics of L-carnitine and placebo cohorts at 
randomization (excludes the 3 study subjects that either were 
lost to follow-up or not compliant with the study protocol)*.

* Kg – Kilogram; PDD-NOS – Pervasive Developmental Disorder – Not 
Otherwise Specified. Age, Gender, Race, Bodyweight, or autism spectrum 
disorder status did not significantly differ between the 2 treatment 
groups. ** mean ±SD; *** includes: Blacks, Asians, and Hispanics.

L-carntine
baseline

(n)

L-carnitine
end
(n)

Total Δ
(%)

Placebo
baseline

(n)

Placebo
end
(n)

Total Δ
(%)

Contrast 
between groups

(95% CI)

P-value for 
contrast 
between 

groups

CARS**
(professional)

35.7±5.3***
(16)

33.8±5.8
(16)

–1.94±2.5
(–5.3)

38.2±6.0
(11)

38.4±6.3
(11)

0.09±1.4
(0.5)

–2.03#

(–3.7 to –0.31)
0.02

Modified**
CGI

(professional)

2.0
(16)

1.5±0.63
(16)

–0.5±0.63
(–25)

2.0
(11)

2.09±0.7
(11)

0.09±0.7
(4.3)

–0.69

(–1.1 to –0.06)
0.03

Hand Muscle## 
Testing

(professional)

32.7±13.9
(14)

34.3±16.7
(14)

1.6±8.9
(4.7)

35.3±13.2
(7)

35.1±7.5
(7)

–0.2±11.0
(–0.6)

1.8
(–7.5 to 11)

0.69

ATEC: **
(parent)

Total
55.1±23.3

(15)
40.1±22.8

(15)
–14.3±16.5

(–25.2)
62.8±31.7

(8)
56±27.6

(8)
–6.8±9.8

(–10.8)
–7.5

(–21 to 5.8)
0.25

Speech
9.9±6.3

(15)
7.8±5.9

(15)
–2.0±3.3

(–21.2)
10.5±6.4

(8)
10.9±7.2

(8)
0.38±2.6

(3.7)
–2.38

(–5.2 to 0.43)
0.09

Sociability
12±7.1

(15)
8.3±5.9

(15)
–3.7±6.2

(–30.8)
11.9±7.7

(8)
10.8±8.4

(8)
–1.1±1.9

(–9.2)
–2.6

(–6.2 to 1.0)
0.15

Cognitive
12.7±6.1

(15)
9.2±5.5

(15)
–3.5±3.4

(–27.6)
14.4±7.6

(8)
14.9±7.3

(8)
0.5±2.6

(3.4)
–4

(–6.9 to –1.1)
0.009

Health/
Behavior

20.5±8.1
(15)

14.8±7.9
(15)

–5.0±7.4
(–27.8)

26±14.8
(8)

19.5±10.9
(8)

–6.5±7.3
(–25)

1.5
(–5.2 to 8.2)

0.65

Table 2. Comparison of clinical characteristics between treatment groups*.

* ATEC – Autism Treatment Evaluation Checklist; CARS – Childhood Autism Rating Scale; Modified CGI – Global Impression Score; CI – confidence 
interval; ** lower scores are associated with improvement; ** mean ±SD; # t-test statistic; ## Higher scores are associated with improvement.
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between the L-carnitine and placebo groups with respect 
to age, gender, race, bodyweight or ASD diagnostic status.

Table 2 compares the change in clinical characteristics 
between the L-carnitine and placebo groups following 
3-months of therapy. There were significant improvements 
in the clinical outcomes of CARS scores and CGI scores 
measured by trained professionals among those study sub-
jects receiving L-carnitine in comparison to the placebo 
group. In addition, for the ATEC completed by parents of 
study subjects, there were significant improvements in the 
cognition scores in the L-carnitine group in comparison to 
the placebo group. Finally, a result approaching a statisti-
cally significant (p=0.09) improvement was also observed 

in the L-carnitine treatment group’s speech scores in com-
parison to the placebo group.

Table 3 summarizes the change in lab characteristics between 
the L-carnitine and placebo groups following 3-months of 
therapy. Changes in serum total-carnitine and serum free-
carnitine levels significantly increased among those study 
subjects receiving L-carnitine in comparison to the place-
bo group. In contrast, no similar changes were observed for 
measurements of whole blood WBC, whole blood RBC, whole 
blood platelet count, serum creatinine, serum BUN, serum 
alkaline phophatase, serum AST/SGOT, serum ALT/SGPT, 
and serum glucose among those study subjects receiving 
L-carnitine in comparison to the placebo group.

L-carntine
baseline

(n)

L-carnitine
end
(n)

Total Δ
(%)

Placebo
baseline

(n)

Placebo
end
(n)

Total Δ
(%)

Contrast 
between 

groups
(95% CI)

P-value for 
contrast 
between 

groups

Serum Total-
Carnitine
(µmol/L)

48.8±18.8
(12)

82.7±22.0**

(12)
33.9±21.1

(41)
47.1±17.4

(7)
55.7±21.4

(7)
8.6±10.1

(15.4)
25.3***

(7.2 to 43)
0.009

Serum Free-
Carnitine
(µmol/L)

34.6±12.6
(12)

61.4±22.7
(12)

26.8±18.3
(43.6)

35.7±13.0
(7)

35.7±16.1
(7)

0.0±13.6
(0.0)

26.8

(9.9 to 44)
0.004

Whole Blood 
WBC

(×103/µL)

6.8±2.4
(12)

7.0±2.2
(12)

0.2±1.6
(2.9)

7.5±1.7
(8)

7.7±4.7
(8)

0.2±5.7
(2.6)

0
(–4.3 to 4.3)

0.99

Whole Blood 
RBC

(×103/µL)

4.6±0.30
(12)

4.7±0.28
(12)

0.1±0.25
(2.1)

4.6±0.25
(8)

4.5±0.30
(8)

–0.01±0.20
(–2.2)

0.11
(–0.11 to 0.33)

0.31

Whole Blood
Platelet Count

(×103/µL)

297±87.8
(12)

272±103
(12)

–25±76
(–8.4)

324±61.3
(8)

283±50.8
(8)

–40±51.3
(–12.6)

15
(–50 to 80)

0.63

Serum 
Creatinine
(mg/dL)

0.43±0.10
(12)

0.49±0.16
(12)

0.06±0.19
(12.2)

0.43±0.07
(8)

0.44±0.06
(8)

0.01±0.06
(2.3)

0.05
(–0.07 to 0.17)

0.41

Serum BUN
(mg/dL)

10.8±2.9
(12)

12.3±3.6
(12)

1.5±3.1
(12.2)

12.5±2.7
(8)

15.3±3.2
(8)

2.8±4.0
(18.3)

–1.3
(–4.6 to 2.0)

0.42

Serum 
Alkaline 

Phophatase
(IU/L)

209±52.2
(12)

235±55.7
(12)

26±55.7
(11.1)

227±59.2
(8)

241±50.8
(8)

14±33.9
(5.8)

12
(–34 to 58)

0.60

Serum AST/
SGOT
(IU/L)

30.6±5.3
(12)

30.8±4.8
(12)

0.20±4.3
(0.65)

32.9±6.1
(8)

31.6±4.0
(8)

–1.3±4.8
(–3.9)

1.5
(–2.8 to 5.8)

0.48

Serum ALT/
SGPT
(IU/L)

16.4±3.8
(12)

18.0±3.6
(12)

1.6±2.6
(8.9)

15.9±3.9
(8)

16.5±4.4
(8)

0.6±3.8
(3.6)

1.0
(–2.0 to 4.0)

0.49

Serum 
Glucose
(mg/dL)

86.3±6.1
(12)

83.5±8.1
(12)

–2.8±9.5
(–3.2)

87.6±8.2
(8)

78.9±14.7
(8)

–8.7±11.6
(–9.9)

5.9
(–4.04 to 16)

0.23

Table 3. Comparison of lab characteristics between treatment groups*.

ALT/SGPT – alanine aminotransferase; AST/SGOT – aspartate aminotransferase; BUN – blood urine nitrogen; CI – confidence interval; 
RBC – red blood cell count; WBC – white blood cell count; ** mean ±SD; *** t-test statistic.
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Table 4 reports on the treatment monitoring characteris-
tics between the L-carnitine and placebo groups following 
3-months of therapy. There were similar changes in the 
scores derived from the parent completed FISER/GRSEB 
and PRISE forms between the L-carnitine and placebo 
groups, indicating a similar profile of potential side effects 
in both groups. Finally, TAM forms completed by the par-
ents of study subjects at the end of 3-months of therapy 
showed good adherence to the prescribed dosing regimen 
(average adherence was >85%), and TAM scores were sim-
ilar in the L-carnitine and placebo groups.

Figures 3–5 evaluate the correlation between changes at 
the end of 3-months therapy in serum free carnitine and 
specific clinical outcomes measurements regardless of the 
treatment status of the study subjects. There was a signifi-
cant positive correlation between increasing hand muscle 
strength and increasing serum free-carnitine levels. There 
were also significant correlations between increasing serum 
free-carnitine levels and decreasing cognitive scores (from 
ATEC testing) and CARS scores (decreasing scores on the 
ATEC and CARS indicate improvement).

L-carntine
baseline

(n)

L-carnitine
end
(n)

Total Δ
(%)

Placebo
baseline

(n)

Placebo
end
(n)

Total Δ
(%)

Contrast 
between groups

(95% CI)

P-value for 
contrast 
between 

groups

Total PRISE**
(Parent)

4.9±3.7***
(15)

2.3±1.8
(15)

–2.7±4.0
(–53)

6.9±4.6
(8)

4.0±2.0
(8)

–2.9±3.2
(–42)

0.2#

(–3.2 to 3.6)
0.90

TAM
(Parent)

–
87.3±15.1

(15)
– –

93.1±8.8
(8)

–
–5.8

(–18 to 16.3)
0.33

FISER/GRSEB** –
0.73±2.8

(15)
– –

0.0±0.0
(8)

–
0.73

(–0.69 to 2.1)
0.33

Table 4. Comparison of monitoring characteristics between treatment groups*.

* CI – confidence interval; FISER/GRSEB – frequency and intensity of side effect rating/global rating of side effect burden; PRISE – patient report of 
incidence of side effects; TAM – treatment adherence measurement; ** higher values are associated with worse clinically outcomes; *** mean ±SD; 
# t-test statistic.
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Figure 3.  The correlation* between the change in serum free-
carnitine and the change in hand muscle testing score 
(n=18)**. * simple linear-regression statistic; ** L-carnitine 
group (n=11) and placebo group (n=7). ____ – linear 
regression estimate; - - - - – 95% confidence interval for 
linear regression estimate; Δ Hand Muscle Strength (kPa) 
=0.22 Δ Serum Free Carnitine (µmol/L) – 1.6; R2=0.23, 
P=0.046.
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Figure 4.  The correlation* between the change in serum free-
carnitine and the change in cognitive score derived from 
the ATEC (n=20)**. * simple linear-regression statistic; 
** L-carnitine group (n=12) and placebo group (n=8); 
____ – linear regression estimate; - - - - – 95% confidence 
interval for linear regression estimate; Δ Cognitive Score 
(ATEC) =–0.086 Δ Serum Free Carnitine (µmol/L) – 0.72; 
R2=0.27, P=0.019.
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Figure 5.  The correlation* between the change in serum free-
carnitine and the change in CARS score (n=20)**. * simple 
linear-regression statistic; ** L-carnitine group (n=12) and 
placebo group (n=8); ____ – linear regression estimate; 
- - - - – 95% confidence interval for linear regression 
estimate; Δ CARS Score =–0.047 Δ Serum Free Carnitine 
(µmol/L) – 0.81; R2=0.20, P=0.047.
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DISCUSSION

The present study is the first prospective, double-blind pla-
cebo controlled trial to evaluate the effects of L-carnitine 
therapy among subjects diagnosed with an ASD. In the pres-
ent study, L-carnitine therapy for 3-months among subjects 
diagnosed with an ASD significantly improved clinical mea-
surements recorded by trained professionals and parents 
of study subjects. Further, L-carnitine therapy significant-
ly increased blood levels of total- and free-carnitine among 
patients diagnosed with an ASD, and there were signifi-
cant correlations between increasing serum free-carnitine 
levels and positive outcomes on clinical measurements re-
corded by trained professionals and parents of study sub-
jects. Finally, L-carnitine therapy was generally well-toler-
ated with minimal adverse effects. The side effects in the 
children that did not tolerate the treatment well were irri-
tability and/or stomach discomfort.

The present results are consistent with previous controlled 
treatment trials of L-carnitine therapy on different popu-
lations. For example, investigators evaluated the efficacy 
of 2 grams L-carnitine administered orally once daily on 
physical and mental fatigue and on cognitive functions of 
centenarians in a placebo-controlled, randomized, dou-
ble-blind treatment trial [19]. Significant increases in plas-
ma total and free carnitine were observed among cente-
narians receiving L-carnitine in comparison to placebo. In 
addition, in comparison to the placebo group, L-carnitine 
recipients were observed to have significant reductions in 
total fat mass, and increases in total muscle mass. Moreover, 
this treatment regimen generated an increased capacity for 
physical and cognitive activity by reducing fatigue and im-
proving cognitive functions. Other investigators evaluated 
the acute effects of intravenously administered L-carnitine 
in patients diagnosed with dementia using single-photon 
emission computed tomography (SPECT) brain scans [20]. 
In studies comparing SPECT brain scans following intra-
venously administered L-carnitine at doses of 1 gram and 
above to the test patients’ basal SPECT brain scans, signif-
icantly increased tracer activity was observed in cortical re-
gions, particularly in the parietal lobe.

Investigators have described that the beneficial effects of 
carnitine are believed to be due to its stimulatory effect 
on acetylcholine synthesis, increasing the export of acetyl 
moieties from mitochondria to cytosol [21]. Moreover, ad-
ministration of carnitine to neural cells was observed to af-
fect their differentiation; for instance, carnitine promotes 
expression and transfer to the membranes of B-50 protein 
(named also GAP-43 or neuromodulin), a protein known 
to be involved in neuronal development, neurogenesis, 
neuroplasticity and neurotransmission. Finally, the reports 
on inhibition of protein kinase C activity by palmitoylcarni-
tine, as well as correlation of its level with the process of ce-
ramide synthesis point to an involvement of carnitine deriv-
atives in the regulation of signal transduction pathways [21].

Strengths/limitations

The main strength of the present study is the design as a 
prospective, double-blind placebo-controlled trial. Every 
effort was made to ensure that the present study was truly 
double-blind so that those evaluating study subjects, both 

trained professionals and parents, had no knowledge as to 
the treatment status of any particular study subject. Based 
on the results of the study, the placebo effects observed 
were minimal for the outcomes measured. Further, the pres-
ent study also attempted to minimize the effects of study 
drop-out for potential adverse reactions in the data, espe-
cially for CGI and CARS scores. These particular scoring 
measurements were conducted by the study investigators 
on each child regardless of whether or not they dropped-
out from the study for potential adverse reactions. As a re-
sult, for both of these measurements, there was virtually no 
change in scores for the study subjects in the placebo group 
after 3-months of ‘placebo’ therapy. In addition, the tech-
nique employed to evaluate outcome measurements is an 
additional strength of the present study. For each outcome 
measurement evaluated, the relative change for the param-
eter following 3-months of therapy in comparison to base-
line was examined. As a result, potential variation between 
study subjects was minimized because each study subject 
served as his or her own control.

One of the potential limitations of the present study is 
the small sample size examined. The small sample size in 
the present study may have resulted in specific effects of 
L-carnitine therapy being missed because of lack of sta-
tistical power to detect significant changes between the 
L-carnitine and placebo groups. As a result, the observation 
of so many significant positive effects of L-carnitine ther-
apy in the present study tends to argue that the observed 
effects represent genuine phenomena. Similarly, it is pos-
sible that because of the small sample size examined, there 
may be differential randomization of potential subgroups of 
study subjects between the treatment and placebo groups, 
although this potential possibility seems to not be able to 
fully explain the biological phenomena observed because 
significant correlations were observed between changes in 
serum free carnitine levels and clinical outcome measure-
ments regardless of treatment status. Another potential lim-
itation of the present study is that significant observations 
may be the result of statistical chance due to multiple sta-
tistical comparisons. As a result of the aforementioned po-
tential limitations of the present small study, L-carnitine use 
in subjects diagnosed with an ASD may lead to improve-
ments in some measures. The data from the present study 
provide the basis for a larger, more focused study on the 
promising elements.

A further potential limitation of the present study is the 
exact mechanism of action of L-carnitine was not elucidat-
ed from the present study. In addition, it is also possible 
that other mitochondrial co-factors such as coenzyme Q10 
supplementation may also yield significant improvements 
among subjects diagnosed with an ASD. Finally, an addi-
tional potential limitation of the present study is the fact 
that the dose of L-carnitine used may not have been opti-
mal. The dosing regimen of L-carnitine used in the present 
study was derived from the package insert for L-carnitine, 
as the recommended starting dose for children. The pack-
age insert itself acknowledges that it may be necessary to 
increase the dose of L-carnitine upward as clinically neces-
sary. Fortunately, the dose used was able to significantly in-
crease the levels of serum total and free carnitine measured 
in study subjects receiving L-carnitine for 3-months in com-
parison to subjects receiving placebo, but it was observed 
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that there was not a uniform increase in the levels of serum 
total- and free-carnitine despite the dose of L-carnitine be-
ing given by a uniform dosing regimen that adjusted for 
the initial bodyweight of the study participant. From the 
Figures 3–5, it is possible to evaluate the relationship be-
tween increasing serum free carnitine levels in compari-
son to specific clinical outcome measurements. These fig-
ures suggest the average increase of serum-free carnitine by 
27 µmol/L observed in the present study with L-carnitine 
therapy for 3-months should induce clinical improvements 
in subjects, but the 95% confidence intervals of the linear 
regression estimates from these figures suggest that a high-
er dose of L-carnitine therapy, which would induce signif-
icantly higher levels of serum free-carnitine, should be as-
sociated with more clinical improvements. Specifically, the 
figures suggest that an average increase of serum free-car-
nitine by 40 to 60 µmol/L should ensure that the lower 
bounds of the 95% confidence intervals from the linear re-
gression estimates would be in the clinically positive range, 
but it is unknown whether higher dosing will be associated 
with an increased rate of adverse outcomes.

CONCLUSIONS

In conclusion, the results of the present study suggest that 
L-carnitine therapy at a dose of 50 mg/kilogram body-
weight/day over the course of three months of therapy sig-
nificantly improved several clinical measurements of ASD 
severity. Further, there were significant correlations be-
tween increasing levels of serum free carnitine and several 
positive clinical outcomes among the study subjects exam-
ined. Overall, the L-carnitine therapy was well-tolerated. It 
is suggested that future studies further explore additional 
dosing regimens to identify the potential optimal dosing 
level or range of L-carnitine for subjects diagnosed with an 
ASD, to help to further elucidate the biological basis for 
L-carnitine’s mode of action at the cellular level, and also 
to identify mitochondrial dysfunction biomarkers for those 
patients diagnosed with an ASD that would most benefit 
from L-carnitine therapy.
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