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Abstract  

Background: Autism Spectrum Disease (ASD) is a complex developmental disorder. Children with 
autism spectrum disorder have low serum levels of L-carnitine. Aim: We aimed at assessing the 
reliability of using the serum level of L-carnitine as a biomarker in children with ASD. 
Subjects and Methods: This is a case-control study conducted on 60 children at the outpatient 
Neurobehavioral Clinic of Alexandria University Children’s Hospital (AUCH), divided into 2 
groups. Group 1 (research group): 30 children diagnosed with ASD and Group 2 (control 
group):  30 healthy children.  Children of both groups were subjected to history taking, clinical 
neurological examination, Childhood autism rating scale (CARS), and serum carnitine level 
measurement. Results: The mean serum level of L-carnitine in children with ASD was sig-
nificantly lower in cases than in control children. No statistically significant correlation 
between low levels of serum L-carnitine and gender was detected in the patients’ 
group. The severity of ASD symptoms had a non-significant correlation with levels of L- 
carnitine. Conclusion: Serum L-carnitine can be considered a biochemical metabolic mark-
er for mitochondrial dysfunction in children with ASD. 
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Introduction 

Autism spectrum disorder (ASD) is a 
"complex developmental disease 
characterized by persistent social in-
teraction challenges, speech and non-
verbal communication impairments, 
and repetitive behavior constraints"(1).  
These symptoms first occur in child-
hood and interfere with daily activi-

ties(2). Autism affects over a million 
people in the United States, with mil-
lions more worldwide(3). It is becoming 
clear that ASD is most likely caused by 
genetic predisposition in combination 
with environmental risk factors(4). ASD 
is defined by persistent social difficul-
ties, as well as repetitive, restricted 
behaviors and atypical sensory behav-
ior, all of which are considered diag-
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nostic criteria of ASD. These indica-
tions are frequently present by the age 
of three, while they may not be fully 
developed until school age or later, 
and another research suggests that 
signals can arise between the ages of 
six and eighteen months. Children 
with severe disabilities are more likely 
than children with mild disabilities to 
be identified and diagnosed at a 
younger age(5). For the diagnosis of 
children with ASD, a complete assess-
ment by a specialized team with experi-
ence in ASD diagnosis and management 
is essential. A complete history, physical 
examination, neurological examination, 
and direct assessment of the child's lan-
guage, social, and cognitive develop-
ment, as well as several standardized 
checklists, assessment instruments, and 
criteria used to reach an ASD diagnosis, 
should all be included in the 
evaluation(6). While ASD has no cure, 
there are number of particular interven-
tions that can help with communication, 
social, and intellectual development. 
According to previous research, skill 
building and behavioral modification 
services can considerably improve a 
child's development, and these pro-
grams should begin before the age of 
three(7). Therapy is given to help the 
youngster communicate, walk, and 
engage with others. The main target 
of treatment is to diminish related in-
adequacies and family hardship, as 
well as to improve ASD children's qual-
ity of life and daily life activities inde-
pendence(8). Multiple studies have dis-
covered mitochondrial dysfunction (MD) 
in ASD patients' CNS and peripheral cells. 
Some autism individuals have been 
found to have a deficiency in carnitine(9). 
Carnitine is required for poly unsaturated 
fatty acids (PUFA) transport through the 
inner mitochondrial membrane, which is 

necessary for beta-oxidation(10). Acetyl 
carnitine is also essential for the synaptic 
transmission of a variety of neurotrans-
mitters. As a result, it is necessary for mi-
tochondrial function. Sufficient amounts 
of PUFAs and carnitine are also required 
for brain energy(11). The link between L-
carnitine levels and ASD is based on 
three key observations: evidence of mi-
tochondrial failure in ASD patients, ge-
netic elements of L-carnitine metabolism 
connected to autism, and the relation-
ship between ASD severity and meas-
ured L-carnitine levels(12). In the present 
study, we aimed at assessing the relia-
bility of using the serum level of L-
carnitine as a biomarker in children 
with ASD. 

Subjects and Methods 

All the children included in the study, 
both cases or controls, were identified 
and selected from the Neuro-
behavioural Outpatient Clinic at 
Alexandria University Children Hospital 
(AUCH). This is a case control study 
which was conducted on 60 children 
divided into two groups; (group 1): 30 
children diagnosed with ASD, 
diagnosed on the basis of DSM-5 
criteria and aged from 2 years to 6 
years. Both sex were included(1), 
(Group 2) another 30 apparently 
normal age and sex matched children. 
Exclusion criteria: Children with 
specific syndromes such as fragile x 
syndrome and tuberous sclerosis to 
make sure that the results are 
accurate and specific to ASD not due 
to any other factors. Also, children 
with chronic diseases that might 
impair mitochondrial function or 
nutritional status were also excluded 
for example, epilepsy, hepatic 
diseases, inborn errors of metabolism, 
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renal diseases, cardiac diseases and 
malnutrition disorders. They all were 
subjected to the following: detailed 
history taking, with a focus on 
perinatal, developmental, and family 
history. A complete clinical exam-
ination was performed, with an 
emphasis on the neurological exam-
ination. CARS (Childhood Autism 
Rating Scale)(13) which is a tool that 
can be used with children as early as 
two years old to aid in the diagnosis of 
autism; it took 20-30 minutes to 
complete. It assigns a severity rating 
to the symptoms. The range of scores 
is 15 to 60. Mild to moderate autism is 
defined as a score of 30-36.5, whereas 
severe autism is defined as a score of 
37-60. Laboratory investigations were 
performed using sandwich enzyme 
linked immune sorbent assay (ELISA) 
method to detect l-carnitine level in 
the whole blood. The colour of the 
stop solution changes from blue to 
yellow, and the intensity of the colour 
is measured using a spectro-
photometer at 450nm.  

Ethical considerations 

The study protocol was approved by 
the ethical committee of Faculty of 
Medicine, University of Alexandria. 
The caregivers were asked to provide 
written consent for their children to 
take part in the study, after explaining 
the purpose of the study. All data and 
information from the participants 
were kept confidential. FAW NO:000-
18699. IRB NO: 00012098 

Statistical Analysis 

Data were fed to the computer and 
analyzed using IBM SPSS software 
package version 20.0(14). (Armnok, NY: 

IBM corp) qualitative data were des-

cribed using number and percent. The 
Kolmogorov-Smirnov test was employ-
ed to ensure that the distribution was 
normal. Range (minimum and maxi-
mum), mean, standard deviation, and 
median were used to characterize 
quantitative data. The significance of 
the acquired results was assessed at a 
5% level. For statistical significance, a 
0.05 level was utilized as the cutoff 
value. 

Results 

Concerning the demographic data 
(age, gender, residency, and level of 
parents’ education), there was non-
statistically significant difference be-
tween the two groups regarding age 
of the parents’ education (p= 0.387, 
1.00 respectively). Regarding the age 
and place of residency, there was a male 
gender predominance and more children 
from urban areas residency among chil-
dren with ASD compared to control 
group (p=0.045, 0.020 respectively) (Ta-
ble 1). There was non-statistically signif-
icant difference between the two 
studied groups in terms of history of 
(antenatal events, mode of delivery, 
gestational age at birth, postnatal 
events, consanguinity, and similar 
condition in the family), (p=0.339, 
0.317, 0.706, 0.418, 0.519, 0.095 re-
spectively) (Table 2). Concerning the 
classification of autism severity meas-
ured by the Childhood Autism Rating 
scale (CARS) in cases group, 80% were 
classified as severe ASD. The percent-
ages of mild and moderate ASD were 
equal at (10%) (Table 3). There was a 
strong negative relation between the 
levels of plasma L-carnitine in the cas-
es compared to controls, the level of L-
carnitine among children with ASD 
was significantly lower than the con-
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trol group (p < 0.001). This was statisti- cally significant (Table 4).  
 

Table 1: The Demographic Data of both Groups 

 Children with ASD 
(n = 30)  
No. (%) 

Healthy children 
(n = 30) 
No. (%) 

Test 
of sig. 

p 

Age (months) 
Min. – Max. 

 
26.0 – 62.0 

 
30.0 – 55.0 t=0.873 0.387 

Mean ± SD. 43.50 ± 10.43 41.53 ± 6.59 

Gender 
Male 

 
25 (83.3%) 

 
18 (60.0%) χ2=4.022* 0.045* 

Female 5 (16.7%) 12 (40.0%) 

Residency 
Rural 

 
9 (30.0%) 

 
2 (6.7%) χ2=5.455* 0.020* 

Urban 21 (70.0%) 28 (93.3) 

Parental education 
Illiterate 

 
3 (10.0%) 

 
2 (6.7%) χ2=0.218 FEp=1.000 

Educated 27 (90.0%) 28 (93.3%) 

2:  Chi square test, FE: Fisher Exact test, t: Student t-test, p:  p value for comparing be-
tween the studied groups, *: Statistically significant at p ≤ 0.05 

 
Table 2: Compares the perinatal and family history between  

children with autism and apparently normal children 
 Cases 

(n = 30) 
Control 
(n = 30) 

χ2 P 

 No. % No. % 

Antenatal history 
Uneventful history 

 
17 

 
56.7 

 
22 

 
73.3 

2.151 
MCp= 
0.339 Presence of diabetes mellitus 8 26.7 6 20.0 

Presence of hypertension 5 16.7 2 6.7 

Delivery 
Normal vaginal delivery 

 
7 

 
23.3 

 
4 

 
13.3 1.002 0.317 

Cesarean section 23 76.7 26 86.7 

Gestational age at birth 
Full term 

 
25 

 
83.3 

 
27 

 
90.0 0.577 

FEp= 
0.706 

Preterm 5 16.7 3 10.0 

Postnatal history 
Negative 15 50.0 20 66.7 

1.996 

MCp= 
0.418 

Positive for NIHB? 13 43.3 8 26.7 

Positive for respiratory distress 2 6.7 2 6.7 

Consanguinity 
Non consanguineous 25 83.3 23 76.7 0.417 0.519 
Consanguineous  5 16.7 7 23.3 

Similar conditions in family 
Negative 

 
22 

 
73.3 

 
27 

 
90.0 2.783 0.095 

Positive 8 26.7 3 10.0 
2:  Chi square test, MC: Monte Carlo, p: p value for comparing between  

the studied groups, *: Statistically significant at p ≤ 0.05 
 

 

Concerning the level of l-carnitine 
among children with ASD, there was 
non-statistically significant difference 

between males and females (p=0.296) 
(Table 5). The mean L-carnitine level in 
children with moderate and severe 
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ASD was (26± 4.73, and 26. ± 7.30 re-
spectively), this was statistically insig-
nificant (p=0.955) (Table 6). There was 
non-statistically significant relation be-

tween the L-carnitine level in children 
with ASD with different autism severi-
ty as classified by CARS (mild, moder-
ate, severe), (p=0.800) (Table 7).  

 
Table 3: Distribution of the studied cases according  
to the autism severity measured by CARS (n = 30) 

 No. % 

CARS   

Mild or risky-ASD (15-29) 3 10.0 

Moderate (30 - 35) 3 10.0 

Severe (36 – 60)  24 80.0 

Min. – Max. 15.0 – 49.0 

Mean ± SD. 39.93  ± 7.93 

Severity   

Mild or risky 3 10.0 

Moderate 3 10.0 

Severe 24 80.0 

 
Table 4: Comparison between the two  

studied groups according to L-carnitine level 

L-Carnitine level Cases 
(n = 30) 

Control 
(n = 30) 

T P 

Min. – Max. 16.0 – 40.0 25.0 – 53.0 
4.845* <0.001* 

Mean ± SD. 26.27  ± 6.91 34.70  ± 6.57 
t: Student t-test, p: p value for comparing between the studied groups,  
*: Statistically significant at p ≤ 0.05 

 

There was strong significant relation 
between the reduced level of L-carnitine 
and social abnormalities as a first ob-
served symptom compared to other 
symptoms (behavioral abnormalities 
and language defects) among the cases 
group (p= 0.029) (Table 8).  

Discussion  

ASD is currently diagnosed using DSM-
5-based criteria and a psychometric 
evaluation. Because symptoms are so 
difficult to diagnose, researchers are  
concentrating their efforts on identify 
ing biological markers in genetics, 
brain imaging, and biochemical mark-
ers in the hopes of making a more ac-
curate diagnosis(15). Male to female 
ratio in ASD children was 4.5:1. Male 

predominance has been repeatedly 
reported in numerous researches(16). 
Male predominance in ASD has re-
ceived a lot of attention. In a similar 
study, Jacquemont et al.(17) proposed 
that females with ASD are spared from 
some of the disorder's symptoms, 
which they called the "female protec-
tive effect" (FBE). Males with ASD 
have more negative copy number vari-
ations (CNVs) and single nucleotide 
variants (SNVs) than girls with ASD. 
Therefore, the symptoms of ASD re-
quire greater genetic modification in 
the female brain than that in male 
brains(17). This differs from a research 
by Rynkiewiez et al.(18) who argued 
that female underdiagnosis could be 
related to differences in symptom 
presentation, a phenomenon known 
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as the "female camouflage effect." 
Males are more likely to develop 
symptoms that necessitate a clinical 
evaluation, such as hyperactivity and 
violence. Clinicians, on the other hand,  

believe that girls with an IQ above 70 
are more social, allowing the symp-
toms of autism to be misinterpreted 
and an accurate diagnosis to be de-
layed. 
 

 
 

Table 5: Relation between gender and L- carnitine level in cases group 

L-Carnitine level Gender  
T P Males 

 (n = 25) 
Females 

 (n = 5) 

Min. – Max. 16.0 – 40.0 25.0 – 32.0 
1.077 0.296 

Mean ± SD. 25.92 ± 7.47 28.0 ± 2.74 
t: Student t-test, p: p value for comparing between males and females 

 
Table 6: Relation between CARS and L Carnitine level in cases group 

 

L Carnitine  
level 

CARS 
t P Moderate (30 - 35) 

(n = 3) 
Severe (36 – 60) 

(n = 24) 

Min. – Max. 21.0 – 30.0 16.0 – 40.0 
0.057 0.955 

Mean ± SD. 26.33 ± 4.73  26.58 ± 7.30 
t: Student t-test وp: p value for comparing between the studied categories 

 
Table (7): Relation between Severity and L Carnitine level in cases group (n=30) 

 
L Carnitine  

level 

Severity 
F P Mild or risky 

(n = 3) 
Moderate 

(n = 3) 
Severe 
(n = 24) 

Min. – Max. 16.0 – 29.0 21.0 – 30.0 16.0 – 40.0 
0.225 0.800 

Mean ± SD. 23.67 ± 6.81 26.33 ± 4.73 26.58 ± 7.30 

 
 
Regarding the place of residency, 
there was predominance to urban are-
as residency among children with ASD 
compared to control group. Mandell et 
al. and Fountain et al.(19, 20) both report-
ed that children born in cities have a 
higher likelihood of being diagnosed 
with ASD. In addition, William et al.(21) 
established a relationship between a 
child's urban living and ASD. This is due 
to a lack of health-care services that are 
both accessible and available in the rural 
regions. Also, Palmer et al.(22) and Stra-
chan et al.(23) stated that metropolitan 
areas have a higher frequency of ASD 

than rural locations. Due to the hygiene 
hypothesis, living in rural regions has 
protective effects due to allergen expo-
sure such as farm animal contact, which 
boosts the immune system. In the pre-
sent study, 83.3 percent of autistic 
children were born full term, and 90% 
of control children were delivered full 
term. Schieve et al.(24) showed that 
preterm did not explain for a signifi-
cant fraction of the rise in ASD occur-
rence, which is similar to our findings. 
Several investigations of ASD have 
found that preterm children have a 
higher risk of developing the disor- 
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der. The link between preterm and 
ASD could be explained by prenatal 
and postnatal neurodevelopmental 

damage, which could result in growth 
and brain development problems(25). 

 
Table 8: Relation between first observed symptom and  

L Carnitine level in cases group (n=30) 

L-Carnitine level 

First observed symptom 

F P 
Social  

abnormalities 
(n = 14) 

Language  
defect 
(n = 7) 

Behavioral  
abnormalities 

(n = 9) 

Min. – Max. 16.0 – 32.0 18.0 – 40.0 19.0 – 39.0 
4.069* 0.029* 

Mean ± SD. 23.07 ± 5.43 27.0 ± 7.96 30.67 ± 6.14 

 
The ASD children in this study were 
initially diagnosed between the ages 
of 26 and 62 months. Similarly, De Gia-
como, stated that the average age of 
diagnosis was 24 months(26). El-Baz et 
al. also reported that 46% of children 
presented at the age of 18 months, 
and 32% at the age of 24 months(27). In 
contrast to the current study, Simekv 
and Koroglu(28) found that 40.3 per-
cent of children with autism were 
identified at the age of three, 36.1 per-
cent at the age of four, and 16.7 per-
cent at the age of two. Many studies, 
like as Ozonoff's(29), have categorized 
patients with ASD according to their 
onset pattern. Early onset (symptoms 
show during the first year or so of life) 
and regressive autism are the two 
forms of autism (normal development 
over the first 15-19 months of life, fol-
lowed by a loss of skills that correlates 
with the onset of autism). These find-
ings correlate with Gray and Tonge(30), 
who discovered that parents become 
concerned about autistic behavior 
when their children are 12–30 months 
old. In regard to the L- carnitine level, 
the current work found that autistic 
children showed significantly lower 
serum levels of l-carnitine compared to 
controls. In consistence with the pre-
sent work, Fillpek et al,(31) studied The 

levels of total and free carnitine in 
control and ASD patients and found 
that autistic youngsters had lower lev-
els of total and free carnitine and 
above 80% of patients with autism 
have L carnitine levels below the ref-
erence range. In present study, there 
was male predominance (male to fe-
male ratio was 5:1); however, there 
was non-significant difference regard-
ing the serum levels of L-carnitine be-
tween both genders. This is in partial 
agreement with Baxter et al, 2005(32) 
who suggested that Males are around 
4.5 times as likely than females to be 
affected by ASD. Also, Christensen 
2016(33) suggested the same result. The 
CARS was used to assess the severity 
of autism symptoms(34). In the current 
study, there was no statistically signifi-
cant relation between the L-carnitine 
level in autistic patients with different 
autism severity scores, however, there 
was strong relation between the re-
duced level of L-carnitine and social 
impairment as a first observed core 
symptom compared to other symp-
toms (behavioral abnormalities and 
language defects). This could be ex-
plained by the sample selected, 80% of 
children were rated as severe autism 
while only 20% were rated as risky and 
moderate ASD. This is different from 
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Fahmy et al.(35) who studied the effect 
of L- carnitine supplement on the se-
verity of symptoms of ASD, they re-
ported significant improvement in the 
behavior aspect of autism and de-
creased severity assessed by CARS. 

Conclusion  

Serum L- carnitine can be considered 
as a biochemical metabolic marker for 
mitochondrial dysfunction in children 
with ASD. 
 
Acknowledgment: The authors would 
like to thank all the autistic children, 
their parents and the control group for 
their participation in this work. 
Conflict of Interest: The authors have 
no conflict of interest to declare. 

References  

1. American Psychiatric Association 
(APA). Diagnostic and statistical 
manual of mental disorders. 5th ed. 
Washington: APA; 2021. 

2. Memari AH, Panahi N, Ranjbar E, 
et al. Children with Autism 
Spectrum Disorder and Patterns 
of Participation in Daily Physical 
and Play Activities. Neurol Res Int 
2015; 2015:531906. 

3. Wong VC, Hui SL. Epidemiological 
study of autism spectrum disorder 
in China. J Child Neurol 2008; 
23(1):67-72. 

4. Asperger H, Frith U. Autistic 
psychopathy' in childhood. In: 
Frith U (ed). Autism and Asperger 
syndrome. New York: Cambridge 
University Press; 1991. 37-92. 

5. Amaral DG, Schumann CM, 
Nordahl CW. Neuroanatomy of 
autism. Trends Neurosci 2008; 
31(3):137-45. 

6. Oommen SP, Bhattacharyya S, 
Koshy B, et al. Management of 
autism spectrum disorder: A case-

based overview. Curr Med Issues 
2017; 15(1):17-27. 

7. Luiselli JK, Bass JD, Whitcomb SA. 
Teaching applied behavior analysis 
knowledge competencies to 
direct care service providers: 
outcome assessment and social 
validation of a training program. 
Behav Modif 2010; 34(5):403-14. 

8. Smith T, Iadarola S. Evidence Base 
Update for Autism Spectrum 
Disorder. J Clin Child Adolesc 
Psychol 2015; 44(6):897-922. 

9. Lombard J. Autism: a mito-
chondrial disorder? Med Hypo-
theses 1998; 50(6):497-500. 

10. Virmani A, Gaetani F, Imam S, et al. 
The protective role of L-carnitine 
against neurotoxicity evoked by 
drug of abuse, methamphe-
tamine, could be related to 
mitochondrial dysfunction. Ann N 
Y Acad Sci 2002; 965:225-32. 

11. Traina G, Valleggi S, Bernardi R, et 
al. Identification of differentially 
expressed genes induced in the 
rat brain by acetyl-L-carnitine as 
evidenced by suppression subtra-
ctive hybridisation. Brain Res Mol 
Brain Res 2004; 132(1):57-63. 

12. Rose S, Niyazov DM, Rossignol 
DA, et al. Clinical and Molecular 
Characteristics of Mitochondrial 
Dysfunction in Autism Spectrum 
Disorder. Mol Diagn Ther 2018; 
22(5):571-93. 

13. Baird G, Charman T, Baron-Cohen 
S, et al. A screening instrument for 
autism at 18 months of age: a 6-
year follow-up study. J Am Acad 
Child Adolesc Psychiatry 2000; 
39(6):694-702. 

14. Kirkpatrick LA, Feeney BC. A 
Simple Guide To IBM SPSS Stat-
istics For Version 20.0. Student Ed. 
Belmont, Calif.: Wad-sworth, 
Cengage Learning; 2013. 

15. Johnson CP, Myers SM. Identifica-
tion and evaluation of children 



 
Anwar SA. et al. 85 
 
 

 
 

with autism spectrum disorders. 
Pediatrics 2007; 120(5): 1183-215. 

16. Pfaff DW, Rapin I, Goldman S. 
Male predominance in autism: 
neuroendocrine influences on 
arousal and social anxiety. Autism 
Res 2011; 4(3):163-76. 

17. Jacquemont S, Coe BP, Hersch M, 
et al. A higher mutational burden 
in females supports a "female pro-
tective model" in neuro-develop-
mental disorders. Am J Hum 
Genet 2014; 94(3):415-25. 

18. Rynkiewicz A, Schuller B, Marchi E, 
et al. An investigation of the 
'female camouflage effect' in 
autism using a computerized 
ADOS-2 and a test of sex/gender 
differences. Mol Autism 2016; 7:10. 

19. Mandell DS, Novak MM, Zubritsky 
CD. Factors associated with age of 
diagnosis among children with 
autism spectrum disorders. Pedia-
trics 2005; 116(6):1480-6. 

20. Fountain C, King MD, Bearman PS. 
Age of diagnosis for autism: 
individual and community factors 
across 10 birth cohorts. J Epide-
miol Community Health 2011; 
65(6):503-10. 

21. Williams JG, Higgins JP, Brayne CE. 
Systematic review of prevalence 
studies of autism spectrum 
disorders. Arch Dis Child 2006; 
91(1):8-15. 

22. Palmer RF, Blanchard S, Stein Z, et 
al. Environmental mercury release, 
special education rates, and 
autism disorder: an ecological 
study of Texas. Health Place 2006; 
12(2):203-9. 

23. Strachan DP. Hay fever, hygiene, 
and household size. BMJ 1989; 
299(6710):1259-60. 

24. Schieve LA, Rice C, Devine O, et al. 
Have secular changes in perinatal 
risk factors contributed to the 
recent autism prevalence 
increase? Development and app-
lication of a mathematical assess-

ment model. Ann Epidemiol 2011; 
21(12):930-45. 

25. Lampi KM, Lehtonen L, Tran PL, et 
al. Risk of autism spectrum disord-
ers in low birth weight and small 
for gestational age infants. J 
Pediatr 2012; 161(5):830-6. 

26. De Giacomo A, Fombonne E. 
Parental recognition of develop-
mental abnormalities in autism. 
Eur Child Adolesc Psychiatry 1998; 
7(3):131-6. 

27. El-Baz F, Ismael NA, El-Din SMN. 
Risk factors for autism: An 
Egyptian study. Egypt J Med Hum 
Genet 2011; 12(1):31-8. 

28. Simsek HB, Koroglu AY. A study on 
the demographical characteristics 
of parents with children diagnos-
ed with autism, problem they face 
and their knowledge on alterna-
tive treatment methods. Procedia 
Soc Behave Sci 2012; 47:577-85. 

29. Ozonoff S, Iosif AM, Baguio F, et 
al. A prospective study of the 
emergence of early behavioral 
signs of autism. J Am Acad Child 
Adolesc Psychiatry 2010; 49(3): 
256-66. 

30. Gray KM, Tonge BJ. Are there 
early features of autism in infants 
and preschool children? J Paediatr 
Child Health 2001; 37(3):221-6. 

31. Filipek PA, Juranek J, Nguyen MT, 
et al. Relative carnitine deficiency 
in autism. J Autism Dev Disord 
2004; 34(6):615-23. 

32. Baxter AJ, Brugha TS, Erskine HE, 
et al. The epidemiology and global 
burden of autism spectrum disord-
ers. Psychol Med 2015; 45(3):601-
13. 

33. Christensen DL, Baio J, Van 
Naarden Braun K, et al. Prevalence 
and Characteristics of Autism 
Spectrum Disorder Among Child-
ren Aged 8 Years--Autism and 
Developmental Disabilities Mon-
itoring Network, 11 Sites, United 



 
86 L-carnitine level in children with autism 

 
 

States, 2012. MMWR Surveill 
Summ 2016; 65(3):1-23. 

34. Schopler E, Reichler RJ, Renner 
BR. The Childhood Autism Rating 
Scale (CARS). Los Angeles: West-
ern Psychological Services; 1988. 

35. Fahmy SF, El-Hamamsy MH, Zaki 
OK, et al. l-Carnitine supplement-
ation improves the behavioral 
symptoms in autistic children. Res 
Autism Spectr Disord 2013; 
7(1):159-66. 

 


