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ABSTRACT
Objective: To assess children in the community for 
autism spectrum disorder (ASD) and associated risk 
factors.

Methods: In this 2-stage, cross-sectional study, children 
between 1.5 and 10 years of age were screened using 
the Chandigarh Autism Screening Instrument. Those 
with a score above the cutoff of 10 were assessed in 
detail using the Childhood Autism Rating Scale and the 
Autism Diagnostic Interview–Revised, and a detailed 
pediatric assessment was conducted. Risk factors were 
evaluated, and karyotype and Fragile X genetic testing 
was done for those diagnosed with ASD. The study was 
conducted from July 2014 to December 2017.

Results: Compared to the control group, mothers 
of ASD children had more pregnancy-induced 
hypertension (PIH) and bleeding per vaginum (BPV) 
during the antenatal period. In the multivariate 
analysis, there was 6.3 times higher odds of having 
history of PIH (P = .02) and 7.7 times higher odds of 
BPV (P = .011) among children with ASD. There were 
much higher odds of having birth asphyxia (OR = 12.6), 
cardiorespiratory problems (OR = 10), metabolic 
abnormalities (hypoglycemia/ hypocalcemia) (OR = 12), 
and neonatal sepsis (OR = 16) in the ASD group 
compared to controls.

Conclusions: ASD patients experienced more antenatal 
and neonatal problems compared to controls.
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The ICD−10 describes autism spectrum disorder (ASD) as a 
pervasive developmental disorder (PDD) defined by the presence 

of abnormal and/or impaired development that manifests before the 
age of 3 years and by the characteristic type of abnormal functioning 
in all 3 areas of social interaction, communication, and restricted, 
repetitive behavior.1 Various studies have shown increasing prevalence 
of ASD, with a median of 62 per 10,000.2 A study by Poovathinal et al3 
in a semiurban community of the south Indian state of Kerala found 
the prevalence of ASD to be 23.3 per 10,000. Various factors such 
as advanced parental age at birth, maternal prenatal medication use, 
bleeding, and gestational diabetes have been implicated in causation of 
ASD. The strongest evidence was found against previous fetal loss and 
maternal hypertension, preeclampsia, and proteinuria. Exact causality 
of ASD, however, remains elusive.4 There is a need to study antenatal 
and neonatal risk factors. Given reports of increasing prevalence of 
ASD and the public health implications, we conducted a community-
based study to screen and evaluate antenatal and neonatal risk factors 
in children with ASD.  The current study is part of a community-
based survey, and a report on prevalence in the community has been 
published.5

METHODS

Study Design
This prospective, cross-sectional, single-center, community-based 

study was conducted by the Department of Psychiatry, Government 
Medical College and Hospital, Chandigarh, India. Children were 
recruited for the study after written informed consent was obtained 
from their parents. The study was conducted from July 2014 to 
December 2017. The study was conducted after approval from the 
institutional ethics committee and was registered with Clinical Trials 
Registry–India (CTRI/2017/02/007935).

Inclusion and Exclusion Criteria
Children between the ages of 1.5 and 10 years5 were recruited 

after undergoing screening with the Chandigarh Autism Screening 
Instrument (CASI).6 A cutoff score of 10 on the CASI had a sensitivity 
of 89.16%, specificity of 89.13%, positive predictive value of 67.89%, 
and negative predictive value of 96.96%. Children with a CASI score 
> 10 were included as cases. Information regarding the antenatal and 
perinatal periods was obtained from hospital records made available 
by the parents.

Study Procedure and Data Collection
This cross-sectional 2-stage study was carried out in Chandigarh, 

Northern India. All children living in a defined area were screened for 
potential eligibility. The Union territory of Chandigarh was divided 
by urban, rural, or slum areas, and the proportionate population as 

https://ctri.nic.in/Clinicaltrials/pmaindet2.php?trialid=16339&EncHid=&userName=CTRI/2017/02/007935
https://ctri.nic.in/Clinicaltrials/pmaindet2.php?trialid=16339&EncHid=&userName=CTRI/2017/02/007935
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per available census data was taken from each area. Sectors 
were randomly selected from the urban area. 

In stage 1, a door-to-door survey was conducted by 
research workers. Parents or guardians completed a 
demographic form and provided consent for the child to 
complete the CASI. Those with CASI scores above the cutoff 
were evaluated in the hospital or at their home if unable to 
come to the hospital. 

In stage 2, children with a positive CASI score were 
assessed with the Childhood Autism Rating Scale7 and 
the Autism Diagnostic Interview–Revised.8 Diagnosis 
of ASD was made according to DSM-5 criteria. Detailed 
methodology is published elsewhere.5 

Clinical and demographic details including risk factors 
associated with ASD such as birth defects and perinatal and 
neonatal insults were obtained. Details from the antenatal 
and neonatal period were obtained from the medical records 
made available by the parents. A detailed history was taken, 
and a physical examination was conducted at the hospital by 
a pediatrician well versed in neurodevelopmental disorders. 
Genetic evaluation in the form of karyotyping and fragile X 
testing was done in ASD patients after consent was received. 

Age-and sex-matched controls who had scored below 
the CASI cutoff were evaluated at their homes by a medical 
graduate (MD in psychiatry) specifically trained for that 
purpose.

Sample Size Calculation
Sample size was calculated after the first stage of the 

community survey was nearing completion. Assuming 
Caesarean section rate as a major risk factor, the sample 
size was calculated based on a 90% confidence level, with 
an anticipated 20% Caesarean section rate among controls 
and 40% among the ASD group.9 With an anticipated odds 
ratio of 2.67, the optimum sample size was 27 cases with 
660 controls and a case-control ratio of 1:25, which resulted 
in 80% power of the test. The number of cases of ASD was 
27 based on the number of ASD cases detected at that time.

Among 19 cases diagnosed as having ASD, genetic 
evaluation was carried out to ascertain the underlying genetic 
cause. Fragile X testing using real-time PCR (molecular) 
method and karyotyping was done. Of 19 children, parents/
guardians of 4 refused to provide consent for detailed 
pediatric assessment, hence pediatric assessment was done 

in only 15 cases. Genetic testing was not done in 5 cases 
due to refusal to provide consent and in 2 due to sampling 
issues. Thus, genetic testing was done in 12 children. In 
2 children, no metaphases were available for karyotype 
despite repeat sampling (Figure 1).

RESULTS

The total number of children screened in the community 
survey was 8,451. Of those, 19 were diagnosed with ASD. 
The prevalence rate was 2.25 per 1,000. Eight children 
above the cutoff on the CASI were found to not have ASD 
but had other neurodevelopmental disorders. Of 8,418 
children who scored below the cutoff on the CASI, 672 
were assessed for antenatal and neonatal history using a 
specifically designed proforma.

Demographic Profile
Antenatal history. Two of 15 (13.3%) children with ASD 

had antenatal history of pregnancy-induced hypertension 
(PIH) and bleeding per vaginum (BPV); however, only 
BPV was significantly higher in the ASD group. For all 
other factors, such as fever with rash, maternal seizures, 
and Caesarean section, there was no statistically significant 
difference between the groups (Table 1).

Neonatal history. History of birth asphyxia was found 
in a significantly higher number of ASD patients (n = 3, 
20%), whereas only around 2% of controls had birth 
asphyxia (P = .004). Similarly, history of birth trauma, 
cardiorespiratory problems, and metabolic disturbances 
(hypoglycemia/hypocalcemia) during the neonatal period 
was seen in a higher proportion of children with ASD 
(P = .02, .018, and .02, respectively). Birth trauma was 
defined as mechanical injury sustained by a newborn 
during delivery. T-test (parametric test) was applied for age 
and CASI score, and Fisher exact test (nonparametric test) 
was used for the remaining variables.

The multivariate analysis showed that ASD patients had 
6.3 times higher odds of having history of PIH (P = .02) 
and 7.7 times higher odds of BPV (P = .011). Among 
the neonatal history, birth asphyxia, cardiorespiratory 
problems, neonatal sepsis, and metabolic problems were 
statistically significant factors. There was a 12.6 times 
higher chance of having birth asphyxia (P = .003) in the 
ASD group. Compared to controls, ASD patients had a 10 
times higher chance of cardiorespiratory problems, 12 times 
higher chance of metabolic abnormalities, and 16 times 
higher chance of neonatal sepsis. Thus, ASD patients had 
higher chances of eventful neonatal problems compared to 
controls (Table 2).

Genetic testing showed that 1 child (10%) had fragile 
X syndrome and 1 child (10%) had a marker chromosome 
as seen in the karyotype. The child with the marker 
chromosome had profound intellectual disability (IQ = 8). 
Genetic etiology was found in 16.67% of children with 
ASD (2 of 12). The parents of the child with the marker 
chromosome refused to consent to provide another sample 

Clinical Points
■■ Children with autism spectrum disorder (ASD) have 

higher chances of having had antenatal and neonatal 
complications.

■■ A higher proportion of mothers of children with ASD 
had pregnancy-induced hypertension and bleeding per 
vaginum during the antenatal period.

■■ Birth asphyxia, history of birth trauma, cardiorespiratory 
problems, and metabolic disturbances (hypoglycemia/
hypocalcemia) during the neonatal period were more 
common in children with ASD.
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Phase 1
Children screened 

using the CASI: 8,451

Below cutoff: 8,418 

Age, gender, 
geographic area 

matched 

Detailed assessment: 672

Above cutoff: 33 

-  Moved out of the city: 2
-  Other neurodevelopmental disorder: 8
-  No ASD on detailed assessment per the DSM-5, 

Childhood Autism Rating Scale, and Autism 
Diagnostic Interview–Revised: 4

ASD: 19

Refused consent: 4

Detailed pediatric
assessment: 15

Refused consent: 1
Sample could not be drawn: 2

Genetic
assessment: 12

Figure 1. Patient Flow Chart

Abbreviations: ASD = autism spectrum disorder, CASI = Chandigarh Autism Screening Instrument.

Table 1. Clinical and Demographic Characteristics of the Study 
Groupsa

Characteristic Cases (n = 15) Controls (n = 672) P Valueb

Age, mean ± SD, y 6.18 ± 3.93 6.59 ± 2.16 .477
Gender (male), % 52.6 53.3
CASI score, mean ± SD 15.73 ± 3.73 0.98 ± 1.42 < .0001
Antenatal history

Pregnancy-induced hypertension 2 (13.3) 16 (2.38) .056
Blood per vaginum 2 (13.3) 13 (1.93) .04
Fever with rash 0 (0) 1 (0.15) .97
Maternal seizures 0 (0) 1 (0.15) .97
Cesarean section 5 (33) 215 (32) .55

Neonatal history
Birth asphyxia 3 (20.0) 13 (1.93) .004
Neonatal jaundice 2 (13.3) 48 (7.14) .29
Neonatal sepsis 1 (6.7) 3 (0.45) .08
Cardiorespiratory compromise 2 (13.3) 10 (1.49) .02
Metabolic disturbances 2 (13.3) 8 (1.19) .018
Neonatal seizures 0 (0) 1 (0.15) .97
Birth trauma 1 (6.7) 0 (0) .02

aData are presented as n (%) unless otherwise specified.
bBolded values indicate statistical significance.
Abbreviation: CASI = Chandigarh Autism Screening Instrument.

birth trauma, and hypoglycemia were significantly 
higher in children with ASD.

The results showed that PIH among mothers was 
higher but not statistically significant (at the .056 
level, autistic group: 13.3%, control group: 2.38%). 
This finding is consistent with a study by Guinchat 
et al.10 The finding of higher PIH in the autistic 
group was reported in earlier studies,11 wherein the 
prevalence of PIH along with other comorbidities 
was higher (9.6%) in the ASD group compared to 
that of the controls (6.8%), but the differences were 
not statistically significant.

BPV among mothers was also significantly (at 
the .05 level) higher in the autism group (13.3%) 
compared to the control group (1.93%). This 
finding is in accordance with early studies (during 
the 1970s) showing the relationship between 
uterine bleeding in mothers and their subsequently 
delivered children who developed the syndromes 
of autism and childhood psychosis.12 Glasson et 
al13 also reported higher incidence of postpartum 
hemorrhage in mothers of ASD cases.

Regarding prenatal and postnatal factors, birth 
asphyxia was found in 20% of the autism group, 
which was significantly higher compared to the 
control group (P = .004). The OR was 12.6 (95% 
CI, 3.19–50.33) in the multivariate analysis. Fetal 
distress was rated as a primary predictor of ASD 

for microarray analysis, hence the location of the chromosome could 
not be ascertained. For 2 children, no metaphases were available for 
karyotype analysis.

DISCUSSION

In this study, PIH and BPV were found to be higher in mothers of 
children with ASD. Birth asphyxia, cardiorespiratory compromise, 
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Table 2. Multivariate Analysis of Risk Factors for Autism Spectrum 
Disordera

Variable
Cases

(n = 15)
Controls
(n = 672)

Odds Ratio 
(95% CI)

P 
Valueb

Antenatal history
Pregnancy-induced hypertension 2 (13.3) 16 (2.38) 6.3 (1.31–30.29) .02
Blood per vaginum 2 (13.3) 13 (1.93) 7.7 (1.6–38.12) .011
Cesarean section 5 (33) 215 (32) 1.06 (0.35–3.14) .91
Neonatal history
Neonatal jaundice 2 (13.3) 48 (7.14) 1.46 (0.32–6.18) .62
Birth asphyxia 3 (20.0) 13 (1.93) 12.67 (3.19–50.33) .003
Cardiorespiratory compromise 2 (13.3) 10 (1.49) 10.185 (2.02–51.18) .004
Metabolic disturbances 2 (13.3) 8 (1.19) 12.77 (2.47–66.08) .002
Neonatal sepsis 1 (6.7) 3 (0.45) 15.92 (1.55–162.77) .019
aData are presented as n (%).
bBolded values indicate statistical significance (< .05).

by Glasson et al.13 Cardiorespiratory compromise among 
the autism group (13.3%) was significantly (at the .05 level) 
higher compared to the control group (1.49%). This finding 
is supported by other studies14,15 in which the association 
between perinatal asphyxia and the development of ASD was 
reported. A study by Fezer et al14 reported that prevalence of 
prematurity, low birth weight, and perinatal asphyxia among 
children with ASD was higher than the general prevalence 
of these conditions among all live births in their country, 
region, and state.

Birth complications like trauma or ischemia have 
been found to be strongly linked to ASD.16 In our sample 
population, birth trauma was not reported in in the control 
group; however, 6.7% of the autism group suffered from birth 
trauma, which is significant at the .01 level. Our study thus 
confirms that birth trauma or injury was a factor associated 
with autism risk as was also found in a meta-analysis 
conducted by Modabbernia et al.15 Similar observations 
about PIH, maternal bleeding, and birth asphyxia have also 
been made in southeast Asian studies.17,18

Metabolic disturbance was significantly (at the .05 
level) higher in the autism group (13.3%) compared to the 
control group (1.19%) (OR: 12.77; 95% CI, 2.47–66.08). 
Previous studies have also reported higher rates of metabolic 
disturbances. The metabolic disturbance reported in our 
study was hypoglycemia. Hypoglycemia in the neonatal 
period is a recognized risk factor for brain damage.19

We studied other factors such as x-ray exposure, drug 
intake, and trauma during the antenatal period, which were 
not reported in either of the groups. Fever with rash and 

seizure during pregnancy were reported in the control group 
(1 case each) but not in the autism group.

Findings of the present study regarding karyotype 
abnormalities are consistent with that of Çöp et al20 in which 
karyotype abnormalities were found in 9.7% of cases. The 
finding of fragile X in 16.6% of children is also consistent 
with another study wherein fragile X syndrome was found 
in 6% of children with autism.21 However, in an earlier study 
a much lower prevalence (1.6%) of fragile X syndrome was 
found in children.22 A similar rate of 1.5% was found in 
the study by Çöp et al.20 Fragile X syndrome is the most 
commonly known single gene cause of ASD. In the present 
study, the number was too low to comment on percentage.

Strengths and Limitations
The strength of our study is that it was based in the 

community, noting information from medical records of 
a community sample. A limitation is the small number of 
ASD cases, which reduces the power of the study. Inability 
to assess all the cases for detailed pediatric assessment and 
genetic testing is another limitation However there is enough 
evidence to point toward multifactorial causation of ASD.

CONCLUSION

ASD patients experienced more antenatal and neonatal 
problems compared to controls. This study contributes to 
knowledge regarding the role of antenatal and postnatal 
factors in causation of ASD, as it supports the accumulating 
evidence.	
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