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Abstract 

Background: Autism is a developmental disability characterized by 

severe deficits in social interaction and communication. Although the 

exact cause of autism spectrum disorder (ASD) is still not known, it 

is believed that both genetic and environmental factors influence the 

onset and development of this disorder. Aim of the study: To assess 

the possible environmental risk factors and the levels of aluminum, 

mercury and lead in the hair of children with ASD. Patients and 

methods: A case control study was carried out. Thirty ASD children 

were studied in comparison to 30 age- and sex-matched controls. All 

participants were subjected to a questionnaire for data collection, 

clinical evaluation and hair sample for measurement of level of 

aluminum, mercury and lead which reflects past exposure. 

Results: The mean age of the studied autistic children was 

6.5±2.4year compared to 5.4±1.8 year in the controls with no 

significant difference (P>0.05), 76.7% of the cases were boys. This 

study revealed a higher prevalence of natal and postnatal factors in 

children with ASD in comparison with unaffected controls. Natal 

factors studied included difficult labor (56.7% of cases), preterm 

delivery (20% of cases), caesarean section and diminished oxygen 

level during delivery (70% and 13 % respectively). Postnatal factors 

were low birth weight, neonatal jaundice, incubated baby or 

resuscitated baby. These factors were found in cases with 

significantly higher difference than in healthy children.  Living near 

to traffic by a  distance of (< 500m) between the house and  traffic 

was a risk factor. The use of aluminum cooking utensils and spoons 

was significantly higher among families of cases than controls. The 

studied children had significantly higher levels of all the five studied 

heavy metals in their hair samples (P < 0.05) compared to the 

controls. When compared to the normal levels, cases had significantly 

higher levels of these heavy metals with the exception of lead level, 

which although being higher than in the controls, yet was within the 

normal level.  

 The mean level of aluminum was significantly higher in cases 

compared to the control . Mean level of mercury among cases was 

significantly higher than among controls. Cases also had significantly 

higher levels of lead compared to controls but they were within the 

normal levels. 

Autistic children were found to have significantly higher hair levels 

of arsenic than their matched controls.  



 

In the present study, the level of trace element Mg was significantly 

higher in autistic children and level of manganese was within normal 

level and with no significant difference when compared to the 

controls. Conclusion: Aluminum ,Mercury ,Arsenic ,Lead and Mg  

were significantly higher in cases compared to controls. 



I 

 

 

Contents                                                                                                                     
List of tables ……………………………………….…………… II 

List of figures ……………………..…….…….…………… ... .. III 

 List of abbreviations…………………………......….……. ..…. IV 

Introduction ……………………………….……...…….…...… ..1 

Aim of the Study……………………...………..........…….…… ..5 

Review of literature …………...…..………………...……....… . .6 

Chapter 1 Criteria of Autistic Spectrum Disorder and Impact on the 

family………………………………………………………...…...7 

Chapter 2 Diagnosis......................................................................24 

Chapter 3 Prevalence………………..………………..….............27 

Chapter 4 Risk factors ……..……………………..……………..35 

Subjects and Methods ………………………………..………….61 

Results ………..………………..…………………………..…….70 

Discussion …..………………………………………….......……91 

Conclusion..………………………………………………….......101 

Recommendations ……………………………………….……....103 

Summary ………………………………………………………..106 

References …..……………………….…………………….…...110 

Appendix ……..…………………………………………………156 

Arabic summary …………………………………..…………….1-4 

 

 



II 

 

 

List of Tables 
Tables                          Title p 

1 Comparison between cases and controls 

regarding some  socio-demographic 

characteristics 

70 

2 Comparison between autistic boys and girls 

regarding DSM severity and CARS scores 

71 

3 Comparison between Cases and Controls as 

Regard Prenatal risk factors among their mothers 

72 

4 Comparison between autistic cases and controls 

regarding natal and postnatal health problems 

74 

5 Comparison between cases and controls 

regarding medical family history 

76 

6 Comparison between cases and controls 

regarding the exposure to environmental risk 

factors 

78 

7 Hair levels of some heavy metals and trace 

elements in the studied children 

80 

8 Risk factors among the studied children with 

elevated hair levels of Aluminum ( ≥8.0ppm) 

82 

9 Risk factors among autistic children with 

elevated hair levels of lead  

83 

10 Association between risk factors and hair levels 

of Cadmium in  autistic children 

84 

11 Correlation between severity of Autism and level 

of some heavy metal and trace elements 

85 

 

12 Diagnostic performance of predicting significant 

level of heavy metals and trace elements 

86 

13 Diagnostic characteristics of heavy metals and 

magnesium cutoff points in differentiating 

autism 

88 



III 

 

List of Figures 
Fig                          Title p 

Fig. (1) Prevalence of Autism in children 34 

Fig. (2) Comparison between Cases and Controls as 

Regard Prenatal risk factors among their 

mothers 

73 

Fig. (3) Comparison between autistic cases and controls 

regarding natal and postnatal health problems 

75 

Fig. (4) ROC curve for predicting significant level of 

heavy metals and trace elements 

87 

Fig. (5) The diagnostic characteristics of the studied 

metals cutoff points in detecting autism 

90 

 



IV 

 

 

List of Abbreviations 
AAP……………………………American Academy of Pediatric 

ADHD…………………………Attention Deficit Hyperactivity 

Disorder 

AL…………………………….. Aluminum 

Ars……………………………..Arsenic 

ASD……………………………Autism Spectrum Disorder 

CARS………………………….Childhood Autism Rating Scale 

CDC……………………………Centers of Disease Control 

CD………………………………Cadmium 

CMV……………………………Cytomegalovirus 

DSMV…………………………Diagnostic And Statistical Manual 

fifth edition 

GARS………………………….Gilliam Autism Rating Scale 

GDM…………………………..Gestational Diabetes Mellitus 

Hg……………………………….Mercury 

IPI……………………………….Interpregnancy Interval 

MCH……………………………Maternal Child Health Care 

MCHAT……………………….Modified Checklist of Autism in 

Toddlers 

Mg………………………………Magnesium 

Mn………………………………Manganese 

MV………………………………Multivitamin 

Pb……………………………….Lead 

PM……………………………..Particulate Matter 

PUFA…………………………..Polyunsaturated fatty acids 

 


