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SUMMARY 

Autism spectrum disorders are more common than previously believed and 
etiology appears to be multifaceted including both heritable and non- heritable 
factors. The study aimed to investigate the relationship between neonatal 
hyperbilirubinemia and autism. A total sample of 100 children: 50 autistic children 
(study group) and 50 normal children (control group). The autistic children were 
recruited from the rehabilitation center at Riyadh city and the control children were 
enrolled from the outpatient department of Security Forces Hospital at Riyadh city . 
A structured questionnaire sheet was designed to collect data about mothers and 
their children.  

Results: The study showed that there was statistically significant difference 
considering the items of neonatal hyperbilirubinemia and phototherapy treatment 
among children with autism compared to those in the control group (100 % Vs. 42%, 
respectively and 100 % Vs. 47.6%, respectively P ≤ 0.0001) for both items. The 
autistic children had significantly higher mean days of jaundice and more days under 
phototherapy treatment than children in the control group. (17.68 ± 5.946 Vs. 1.43 ± 
3.1627 and 19.6 ± 5.4 Vs. 4.08 ± 7.115, respectively, P ≤  0.0002 and 0.000, 
respectively for both items). A highly significant positive correlation was found 
between neonatal hyperbilirubinemia and autism (r = 0.786). 

 In conclusion: Children with autism had neonatal hyperbilirubinemia with 
higher levels of bilirubin , and longer duration of phototherapy treatment and 
duration of jaundice compared to control children. The study recommended that, 
further studies are needed to investigate the effect of parental age and other obstetric 
complications on the occurrence of autism. The study recommended also the need for 
an educational program for mothers to identify early signs of neonatal 
hyperbilirubinemia and seek medical help as early as possible. 

INTRODUCTION 
Autism is a behaviorally defined, neuro-developmental disorder characterized 

by impairments in social interaction, abnormalities in verbal and nonverbal 
communication, and restricted stereotyped interests and behaviors. (Zahorodny et al., 
2005 ). Although the causes of autism are not well understood, both genetic and non-
genetic factors are thought to play roles. Although neonatal jaundice is generally 
benign, very high neonatal bilirubin levels can cause kernicterus and somewhat lower 
levels were associated with more subtle sequelae in some studies. (Soorani – 
Lunsing, et al.,2001and Ip et al.,2003). There has been concern that shorter 
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postpartum stays and less aggressive jaundice treatment in the past several years 
might have resulted in increased incidences of extreme hyperbilirubinemia and its 
sequelae. (Brown and Johnson,1996 and Johnson et al.,2002) . During the same 
period, the reported prevalence of autism spectrum disorders (ASD) has increased 
dramatically (1 in 166), although it is not clear how much of this increase represents a 
true change in the occurrence of the disorders.(Fombonne,1999 and Charles et al., 
2008). Several studies examined the relationship between autism and various 
obstetric and neonatal complications previously associated with fetal neurologic 
impairment, including neonatal jaundice and a few reported positive associations. 
(Juul-Dam et al.,2001 and Bolton et al ., 1997). 
 Aim of the study 

The aim of this study is to investigate the relationship, if any, between neonatal 
hyperbilirubinemia and autism. 
Material & methods 
Research design: a cross sectional case control study design was used for this study. 
Setting 

This study was conducted in the rehabilitation centre at Riyadh city and the out 
patient department of Security Forces Hospital at Riyadh city for both study and 
control groups, respectively. 
Sample 

A total of 100 children: 50 Saudi children with autism (study group) and 50 
Saudi children were normal (control group). Simple random sample was used to 
assign children in both study and control groups. 
Tools 

A structured questionnaire sheet was developed by the researchers to elicit 
information from mothers of both study and control groups. 
The sheet includes the following parts: 
Part I: includes sociodemographic data of children as child's age, child's sex, child's 
birth order, mother's age at the time of data collection, mother's age at time of 
delivery, mother's education and mother's working condition. 
Part II: includes data about pregnancy and delivery of the baby as mode and site of 
delivery, complications during pregnancy or labor. 
Part III: includes data about children at birth as birth weight, gestational age, state of 
hyperbilirubinemia, bilirubin level, phototherapy if done, duration of exposure of 
children to phototherapy and duration of jaundice. 
Part IV: includes data about autism as symptoms and duration since diagnosis. 
Methods 
1. A permission was obtained from the director of rehabilitation centre and Security 

Forces Hospital at Riyadh city to collect the data. 
2. A thorough review of literature was done to collect latest evidence regarding 

autism and neonatal hyperbilirubinemia. 
3. Tool was translated into Arabic and tested for its content validity and relevance by 

3 faculty members in King Saud University and two faculty members at Al- Jouf 
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University. Reliability of the Arabic version was tested using Cronbach Alpha test. 
Cronbach Alpha coefficient of internal consistency was 0.795 

4.  A pilot study was conducted on mothers of 10 children with autism to identify 
ambiguous questions. Accordingly, minor changes were made for few statements.    

5. An oral consent was taken from mothers of children in the study and control 
groups to be enrolled in the study. 

6. Data was collected by interviewing each mother individually. The sheet last 20 
minutes to be fulfilled by mothers of the children in both study and control groups.  

7. Information on neonatal hyperbilirubinemia was derived from serum bilirubin test 
results recorded in the patients' records Laboratory Information System, which 
contains the date, time, and results of all laboratory tests performed for   patients.  
The maximal bilirubin level (in milligrams per deciliter) was defined as the highest 
recorded bilirubin level in the first 30 days of life. Data on phototherapy were 
derived from the computerized inpatient databases, which contain detailed 
information on diagnoses and procedures, as well as dates and locations of patients' 
visits.  

Statistical analysis: 
 Data entry was done using a personal computer and statistical analysis was 
done using SPSS 17 statistical software package. Quantitative continuous data were 
compared using student t- test. Categorical variables were compared using chi- 
square. The Fischer’s exact formula is used with small frequencies to avoid false 
significance (Munro, 1997). Correlation coefficient (r) was used to study the 
correlation between two quantitative variables (Munro, 1997). Statistical significance 
was considered at P- value < 0.05. 

RESULTS 
This study aims to assess the relationship between neonatal hyperbilirubinemia 

and occurrence of autism. Table 1 presents biosocial characteristics of children and 
their mothers in both the study and control groups. No statistically significant 
differences were found between the study and control groups regarding child's age, 
sex, and mothers' working condition. However, statistically significant differences 
were found between the two groups regarding mothers' education with more than half 
of mothers of autistic children educated below bachelor compared to less than two- 
fifths of mothers of control children (52% Vs. 38% , respectively, p≤ 0.004). Above 
bachelor education was completely absent among mothers of children with autism 
compared to about one- fifth of mothers in the control group. 

Regarding birth order, the majority of children in the study group were first 
born compared to less than one- third of them in the control group (92% Vs. 30%, 
respectively, p ≤ 0.0001). The difference proved to be highly statistically significant. 

Table 2 shows Percentage distribution of children in both study and control 
groups as regards mode and site of delivery and mothers' age at delivery. Although 
there was statistically significant difference between the study and control groups 
regarding site of delivery, the majority of children in both groups were born at a 
hospital (92% Vs. 72%, respectively, p ≤ 0.03).  
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As regards mothers' age at delivery, statistically significant differences were 
found between the study and control groups with the majority of case mothers were 
in the age category of 16 – 19 years compared to only 8 % in the control group. (80% 
Vs. 8%, respectively, p ≤ 0.0001). No single mother in the study group had 27 years 
or more compared to about one third of them in the control group.  

Table 3 reveals Percentage distribution  of study and control groups regarding 
complications during pregnancy and delivery. It is clear that all mothers of children 
with autism had complications during pregnancy compared to about one- quarter of 
mothers of control children with statistically significant differences between the two 
groups (100% Vs. 24%, respectively, p ≤ 0.0001). It could be observed that the 
higher percentage of complications occurred during pregnancy was bleeding with a 
statistically significant differences between the two groups. (58% Vs. 12%, 
respectively, p≤ 0.0004).  

Approximately all autistic mothers had complications during delivery 
compared to only 12% in the control group. The difference proved to be highly 
statistically significant (98% Vs. 12%, respectively, p ≤ 0.0001). The most common 
complications occurred during delivery was difficult delivery which represented in 
more than half of children in the study group compared to only a single mother in the 
control group with highly statistically significant differences between the two groups. 
(56% Vs. 2%, respectively, p ≤ 0.0001).  

Table 4 illustrates Percentage distribution of children in both study and control 
groups according to their gestational age/ week and birth weight / kg. It could be 
noted that gestational age of all children with autism was 30 weeks gestations 
compared to about one quarter in the control group with highly statistically 
significant differences between the two groups (100% Vs. 24%, respectively, p ≤ 
0.0001). However, no statistically significant difference was found between the two 
groups as regards birth weight in kilograms. 

Table 5 shows comparison between study and control groups regarding state of 
hyperbilirubinemia and phototherapy treatment. All children with autism suffered 
from neonatal hyperbilirubinemia after birth and received phototherapy treatment 
compared to less than half of them in the control group with highly statistically 
significant difference between the two groups (100% Vs. 42% and 100% Vs. 47.6%, 
respectively, P ≤ 0.0001 ) for both jaundice and phototherapy.   

Table 6 demonstrates mean days of phototherapy treatment and jaundice in 
both study and control groups. A statistically significant differences were found 
between the two groups with higher mean days of phototherapy treatment and 
jaundice among children in the study group than the control group (17.68 ± 5.946 Vs. 
1.43 ± 3.16 and 19.6 ± 5.4 Vs. 4.08 ± 7.115, respectively, P ≤ 0.002 and 0.000, 
respectively). 

Figure 1 illustrates comparison between the study and control groups regarding 
mode of delivery. Instrumental delivery represents more than half of children with 
autism compared to only a single child in the control group, with a highly statistically 
significant difference between both groups (54% Vs. 2%, respectively, p ≤ 0.0001). 



AAMJ, Vol.8, N. 3, September, 2010 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

 

Figure 2 demonstrates bilirubin level in mg/ dl among both study and control 
groups. A highly statistically significant difference between the study and control 
groups with higher bilirubin level among autistic children than the control children. 
About half of children with autism fell between the category of bilirubin level of 15- 
19 mg/ dl  compared to 2 % in the control group. (48% Vs. 2%, respectively, p ≤ 
0.0001). Bilirubin level between 20 – 23 mg/dl was seen among near two – fifths of 
autistic children compared to no single child in the control group.  

Figure 3 shows correlation between bilirubin level in mg / dl and occurrence of 
autism. A highly significant positive correlation between bilirubin level and 
occurrence of autism was clear in the figure. ( r = 0. 786). 

Table (1): Biosocial characteristics of children and their mothers in both the study 
and control groups 

 

Items Study group 
N = 50 

Control group 
N = 50 

X2 p- value 

No % No % 
*Child's age in years:  

 
6.24 

 
 

0.04* 
 1- < 5  8 16% 17 34 % 
 5-  < 10 36 72% 24 48% 
 10  and more     6 12% 9 18% 
Mean ± SD 79.86 ± 24.87 

months 
79.55 ± 40.10 

months 
* Child's sex:      

0.163 
 

0.68  Male  30 60% 27 54% 
 Female   20 40% 23 46% 
* Mother's age at time of data collection:   
 21- 29 years  37 84% 12 24%  

27.48 
 

 
0.0001***

 
 30 – 39 years 13 26% 30 60% 
 40 years and more  0 0% 8 16% 
Mean ± SD 28.26  ± 4.74 34.40 ± 4.9   
* Mother's working condition   

 
1.47 

 
 

0.225 
 House wife 25 50% 32 64 % 

 Working mother 25 50% 18 36% 

* Mother's education      
 

11.29 

 
 

0.004** 
 Below bachelor degree 26 52% 19 38% 

 Bachelor degree 24 48% 21 42% 

 Above bachelor 0 0% 10 20% 

* Child's birth order   

 First 46 92% 15 30%  
 

40.95 

 
 

0.0001***
 Second 4 8% 16 32% 

 Third 0 0% 12 24% 

 Fourth 0 0% 6 12% 
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Table (2): Percentage distribution of children in both study and control groups as 
regards mode and site of delivery and mothers' age at delivery  
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Figure (1): Comparison between the study and control groups regarding mode of 

delivery 
 
 

Items Study group 
N = 50 

Control group 
N = 50 

X2 p- value 

No % No % 
* Mode of delivery:  

 
54.98 

 
 

0.0001***
 Normal  2 4% 35 70 % 
 C.S 21 42% 14 28% 
 Instrumental 

delivery    
27 54% 1 2% 

* Site of delivery:      
 

7.29 

 
 

0.03* 
 Home 4 8%% 10 20% 
 Hospital 46 92% 34 72% 
 Private clinic 0 0% 3 6% 
* Mother's age at delivery:  

 
55.98 

 
 

0.0001***
 16- 19 years  40 80% 4 8% 
 20- 22 years 10 20% 28 56% 
 27 years and 
more  

0 0% 18 36% 

Mean ± SD 18.8 ± 2.9 27.77 ± 5.54   
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Table(3): Percentage distribution  of study and control groups regarding 
complications during pregnancy and delivery 

 

 
Table (4): Percentage distribution of children in both study and control groups 

according to their gestational age/ week and birth weight / kg  

 
 
 
 
 
 

Items 
Study group 

N = 50 
Control group 

N = 50 X2 p- value 
No % No % 

*Complications during pregnancy: 
58.11 0.0001*** Yes  50 100 % 12 24 % 

 No 0 0 % 38 76 % 
* Complications occurred:  

 
 

18.45 

 
 
 

0.0004**

 Bleeding  29 58% 6 12% 
 Pre-eclampsia  10 20% 1 2% 
 Gestational diabetes 
and PIH 

11 22% 1 2% 

 Anemia 0 0% 4 8% 
*Complications during delivery: 

71.27 0.0001*** Yes 49 98% 6 12% 

 No 1 2% 44 88% 
* Types of complications during delivery:  

 
 

31.97 

 
 
 

0.0001***

 Difficult delivery  28 56% 1 2% 
 PROM 20 40% 0 0% 
 Post partum 
hemorrhage 

2 4% 4 8% 

 Hypertension  0 0% 1 2% 

Items Study group 
N = 50 

Control group 
N = 50 

X2 p- value 

No % No % 
* Gestational age / weeks:  

 
38.00 

 
 
0.0001***

 30 weeks  50 100 % 12 24 % 
 31- 35 weeks 0 0 % 38 76 % 
* Birth weight / Kg:  

 
0.836 

 
 
0.659 

 2 – 2.65 29 58% 6 12% 
 2.75- 3.5  10 20% 1 2% 
 More than 3.5 11 22% 1 2% 
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Table (5): Comparison between the study and control groups regarding state of 

hyperbilirubinemia and phototherapy treatment  
 

 
Table (6): Mean days of phototherapy treatment and jaundice in both study and 

control groups 
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Figure (2): Bilirubin level in mg/ dl among both study and control groups 

Items Study group 
N = 50 

Control group 
N = 50 X2 p- value 

No % No % 
* If child had jaundice: 

 
38.08 

 
0.0001***

 Yes  50 100 % 21 42 % 
 No 0 0 % 29 58% 
* Phototherapy treatment: 

 
27.12 

 
0.0001***

 Yes 50 100% 10 47.6% 
 No 0 0% 11 52.4% 

Items 
Study group 

N = 50 
Control group 

N = 50 T- 
test 

p- value
No % No % 

* Duration of time the 
child is under hototherapy 

Mean ± SD 
17.68 ± 5.946 

Mean ± SD 
1.43 ± 3.1627 

 
25.59 

 
0.0002**

*  Duration of jaundice 
Mean ± SD 
19.6 ± 5.4 

Mean ± SD 
4.08 ± 7.115 

24.89 0.000***
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Figure (3): Correlation between bilirubin level in mg/ dl and occurrence of autism 

 
DISCUSSION 

This study was to assess the association of neonatal hyperbilirubinemia with 
risk of autism in children using a case control cross- sectional study. It revealed no 
statistically significant differences between the study and control groups regarding 
child's age, sex, and mother's working condition. 

Although a number of studies examined the association of maternal age and 
autism; some found a relation of advancing maternal age with autism (Durkin et al., 
2008, Kolevzon et al., 2007, Croen et al., 2007, Glasson et al., 2004 and Maimburg 
and Vaeth, 2006). Others found no association between maternal age and autism 
(Lauritsen et al., 2005, Roksana et al., 2010 and Reichenberg et al., 2006), this study 
showed a contrast result with a statistically significant difference between the study 
and control groups with a higher percentage of mothers' age category 21- 29 years in 
the study than the control group (84% Vs. 24%, respectively, p ≤ 0.0001) as shown in 
table 1.  

This could be explained by results shown in the same table that more than 90 
% of children with autism were first born compared to less than one – third of them in 
the control group. No single child in the study group was third or fourth born 
compared to about one – quarter and twelve percent in the control group, 
respectively. The difference was highly statistically significant, p ≤ 0.0001. 

This result is in accordance with Gardner et al., 2009 in a comprehensive 
meta analysis who found that being first born Vs. third or later is a risk factor for 
developing autism. Moreover, Glasson et al., 2004 reported that being first born is a 
risk factor for developing autism. 
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Our study represents a statistically significant difference between the study 
and control groups as regards mother's education with higher percentage of lower 
educational level in mothers of children with autism compared to their partners in the 
control group. More than half of mothers in the study group and no single mother in 
the study group had below bachelor and above bachelor education, respectively 
compared to less than two- fifths and one –fifth, in the control group as shown in 
table 1(52% and zero % Vs. 38% and 20%, for both below and above bachelor 
education, respectively, p ≤ 0.004. 

This result is in agreement with that of Burd et al., 1999 who revealed that 
low maternal education is one in a five variable model for prenatal and perinatal risk 
factors for autism. 

Although site of delivery showed a statistically significant difference between 
the study and control groups with the autistic children were born more in hospital 
than the control, the higher percentage of children in both groups were born in 
hospital as shown in table 2. (92% Vs. 72%, respectively, p ≤ 0.03). This could be 
explained by two factors; first: the increase in awareness of the importance of 
antenatal care lead to increase in hospital delivery Vs. home delivery. Second: results 
obtained in table 3 that all mothers of children with autism had complications during 
pregnancy compared to less than one- quarter of mothers of control children (100% 
Vs. 24%, respectively, p ≤ 0.0001) with highly statistically significant difference 
between the two groups, hence the need of mothers of autistic children to follow up 
their pregnancies and delivered in hospital not home, could explain this result. 

The most frequently complication occurred was ante- partum bleeding 
represents about three- fifths of the complications occurred to mothers of children 
with autism compared to only 12% in mothers of control children followed by 
gestational diabetes and preeclampsia with highly statistically significant differences 
between the two groups as shown in table 3. ( 58% vs. 12% , 22% Vs. 2% and 20% 
Vs. 2%, respectively, P ≤ 0.0004). 

This result is in accordance with that of Gardener et al., 2009 who found that 
among factors associated with autism risk in the meta analysis were bleeding and 
gestational diabetes. However, the same study added that among factors with the 
strongest evidence against a role in autism risk is maternal hypertension, proteinuria, 
preeclampsia and swelling. 

Not only pregnancy complications, but also delivery complications proved to 
be highly statistically significant differences between the study and control groups 
with all mothers of children with autism except  one had complications during 
delivery compared to a minority of mothers of control children as shown in table 3 
(98% Vs. 12%, respectively, p ≤ 0.0001).  

It could be observed that the highest frequency of complications during 
delivery was difficult delivery followed by premature rupture of membrane (PROM) 
in the study group (56% and 40%, respectively, p ≤ 0.0001). The difference proved to 
be highly statistically significant. This result is in agreement with Glasson et al., 2004 
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who reported that compared to control subjects, case mothers had greater frequencies 
of threatened abortion, labor induction and labor duration of less than 1 hour. 

Our study revealed highly statistically significant differences between the 
study and control groups with all children with autism were 30 weeks gestation 
compared to less than one- quarter of children in the control group as shown in table 
4 (100% Vs. 24%, respectively, P ≤ 0.0001). This is in agreement with Kolevzon et 
al., 2007 who stated that the obstetric conditions that emerged as significantly 
associated with increased risk of autism fell into 2 categories: birth weight and 
duration of gestation. Moreover, Larsson et al., 2005 stated that adjusted analyses 
showed that the risk of autism was associated with gestational age at birth < 35 
weeks. 

All children with autism had jaundice after birth compared to less than half of 
children in the control group as shown in figure 2. The difference was highly 
statistically significant (100% Vs. 42%, respectively, p ≤ 0.0001). This result was in 
agreement with Maimburg, 2010 who revealed that exposure to jaundice in neonates 
was associated with increased risk of disorder of psychological development for 
children born at term. Moreover, Maimburg et al., 2008 found that infants who had 
hyperbilirubinemia after birth had a four-fold risk for infantile autism. In the other 
hand, Croen et al., 2005 reported that neonatal hyperbilirubinemia is not a risk factor 
for autism spectrum disorder (ASD).  

This study found a highly statistically significant difference between the study 
and control groups with all autistic children received phototherapy treatment 
compared to only 47.6% in the control group as shown in table 5 (100% Vs. 47.6%, 
respectively, p ≤ 0.0001). This result is in accordance with Zohorodny et al., 2005 
who found that a significant number of children with autism reported phototherapy 
treatment for hyperbilirubinemia and added that this rate for neonatal phototherapy is 
approximately five times greater than the expected rate of occurrence  P < 0.05).  

It is also noted from table 6 that a statistically significant difference between 
the mean days the child is under phototherapy with more days among children with 
autism compared to control children (17.68 ± 5.94 Vs. 1.43 ± 3.16, p ≤ 0.002). 
Moreover the mean days of jaundice is significantly higher in the study than the 
control group (19.6 ± 5.4 Vs. 4.08 ± 7.12, p ≤ 0.000. 
Conclusion: 
This study concluded that: 
 Children with autism had neonatal hyperbilirubinemia with higher levels of 

bilirubin, and longer duration of phototherapy treatment and duration of jaundice 
compared to control children.  

 There appears to be other factors that may play a role in the occurrence of autism 
as birth order with being first born, instrumental delivery compared to normal 
vaginal delivery or cesarean section (CS), and complications during pregnancy and 
delivery. 
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Recommendations: 
 Further studies to investigate the effect of parental age and other obstetric 

complications on the occurrence of autism. 
 Educational program for mothers to identify early signs of neonatal 

hyperbilirubinemia and seek medical help as early as possible. 
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