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Abstract 
 

Maternal Smoking During Pregnancy 
By Jingran Xiong 

 
Maternal smoking during pregnancy may be a modifiable risk factor for Autism 
Spectrum Disorder (ASD). Existing research on this topic have reported inconsistent 
findings. We investigated whether maternal smoking during pregnancy was associated 
with an increased risk of ASD compared with children whose mothers did not smoke 
during pregnancy. We analyzed data on 766 ASD cases and 500 controls from the 
CHARGE study. Information on maternal smoking during pregnancy was collected 
through a questionnaire. ASD cases were identified from the California Department of 
Developmental Services which contracts regional centers, referrals from other research 
studies or health providers, as well as referrals from schools, friends, and families. We 
used multivariate logistic regressions to examine the association between maternal 
smoking during pregnancy and ASD. Maternal race/ethnicity, prenatal vitamin use, 
payment delivery method and matching variables child’s birth year, gender, and 
regional center were controlled for as confounding factors. Maternal smoking during 
pregnancy was associated with an increased odds of ASD compared with children 
whose mothers did not smoke during pregnancy (OR=1.46, 95% CI: 0.89, 2.40). 
Similar associations were also observed for maternal smoking before pregnancy, in the 
child’s first year, and in the child’s second year and later. Maternal active or passive 
smoking during pregnancy was associated with an odds 1.62 times that of mothers were 
not exposed to any smoking during pregnancy (95% CI: 1.16, 2.27). Our results suggest 
that maternal smoking during pregnancy was associated with higher risk of ASD 
compared to children whose mothers did not use tobacco during pregnancy. 
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CHAPTER 1 

Introduction 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by 

abnormalities in socialization and emotional development and by restricted, repetitive 

stereotyped behaviors. The etiology and risk factors for ASD are poorly understood, yet 

existing studies suggest multiple causes likely contribute to developing ASD, including 

several genes and environmental factors.1 ASD is reported to occur in all 

race/ethnicities and across all socioeconomic classes.2 In 2010, the Autism and 

Developmental Disabilities Monitoring (ADDM) Network at the CDC estimated the 

prevalence of ASD to be one in 68 of children aged 8 years old.2  

 

Maternal smoking may affect neurodevelopment in the fetus and risk for ASD through 

mechanisms such as changing gene expression in the fetal brain3 or reducing blood flow 

to the brain resulting in oxygen deprivation in the brain.4 Based on the data obtained in 

2011 from 24 states for the Pregnancy Risk Assessment and Monitoring System, about 

10% of the pregnant women reported tobacco use during the third trimester.5 The results 

from existing studies which examined the association between maternal smoking 

during pregnancy and ASD have been inconsistent.1 Part of this lack of consistency 

may be due to exposure misclassification or failure to adjust for potential confounding 

factors.6  

 

The purpose of this research is to evaluate whether maternal smoking during pregnancy 
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increases the risk of child ASD compared with children whose mothers did not smoke 

during pregnancy using participants in the Childhood Autism Risks from Genetics and 

the Environment (CHARGE) Study, a population-based case-control study.7 

 

Autism Spectrum Disorder (ASD) 

Epidemiology of ASD 

Autism Spectrum Disorder is a serious developmental disorder which includes 

disabilities affecting socialization, emotional development, and verbal communication. 

People with ASD also commonly exhibit restricted or repetitive stereotyped behaviors.8 

ASD is hard to diagnose, and no medication or treatment is available to cure the 

disease.9 However, early diagnosis and early intervention can improve developmental 

outcomes.2 ASD symptoms are typically present at an early developmental period, and 

the median age at diagnosis of ASD is around 4.5 years old. In 2012, the Autism and 

Developmental Disabilities Monitoring (ADDM) Network at CDC estimated the 

prevalence of ASD to be 1 in 88 children or 1% to 2% among children aged 8.2 The 

prevalence of ASD among boys (1 in 42) is reported to be about 4.5 times the prevalence 

among girls (1 in 189).2 ASD occurs in all race/ethnicities and across all socioeconomic 

classes, but according to the ADDM Network data, the prevalence of ASD was higher 

in 2012 among white children (1 in 63) than among black children (1 in 81) or among 

Hispanic children (1 in 93).2 Globally, the prevalence of ASD was estimated to be 62 

per 10,000 in 2012, which is about 15 times the estimated prevalence in the late 1960s 
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and early 1970s (1 in 2,500).10 The reported U.S. national prevalence in 2012 has also 

increased 23% compared to 2006 and 78% compared to 2002.2 This rapid rise in 

prevalence seems to be caused by a mixture of increasing incidence and increasing 

diagnosis as a result of elevated public awareness, greater service availability, and 

changes in diagnostic criteria.11 

 

Etiology of ASD 

The etiology of autism spectrum disorder remained largely unknown, but it is 

commonly accepted that ASD arises from the interaction of genetic and environmental 

factors. The higher prevalence of ASD in children with autistic siblings compared to 

the general population12 and a higher concordance rate among homozygous twins 

indicates that genetic factors are risk factors for ASD.13 However, no specific gene has 

been identified as a cause of ASD.14 Further, a twin study conducted by Hallmayer et 

al. recently suggested that 55% of the variance in ASD risk of twins is likely to be due 

to environmental factors, which supported the idea that environmental factors are 

correlated with and interact with genes in the etiology of autism.15  

 

Advanced parental age was found to be associated with an increased risk of ASD in 

children in multiple studies.16 The risk of having a child with ASD for fathers greater 

than 40 years of age was 5.75 times that of fathers younger than 30.17 Likewise, a 2012 

meta-analysis also suggested an association between maternal age and ASD.18 Preterm 
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birth19 and low birth weight20 were also reported to be associated with higher risk of 

ASD. Other possible prenatal risk factors identified in a meta-analysis included 

maternal prenatal medication use, mother’s original citizenship, gestational diabetes, 

and parity.21 

 

In summary, the prevalence of ASD continues to rise globally, with a recent estimated 

prevalence of 0.62%,10 but the causes for ASD are still largely unknown. Both 

environmental and genetic factors are believed to be risk factors for developing ASD. 

Considerable research has been conducted regarding the contribution of environmental 

factors to ASD. Maternal smoking during pregnancy is one of the maternal lifestyle 

factors that has been considered to be a potential risk factor for ASD, and information 

on cigarette smoking is accessible in medical records and birth certificates. Thus, the 

association between maternal smoking during pregnancy and ASD has been examined 

by several studies with inconsistent results. 

 

Maternal Smoking 

Tobacco use during pregnancy is a leading modifiable risk factor for adverse pregnancy 

outcomes and smoking-related long-term effects on child health.22 Some of the adverse 

pregnancy outcomes and long-term effects reviewed may be along the causal path way 

between maternal smoking during pregnancy and ASD. Maternal smoking during 

pregnancy is reported to increase the risk of small-for-gestational-age (SGA) births, 
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low birth weight (LBW)23 and preterm birth, with the risk of SGA, LBW, and preterm 

birth24 increasing with the number of cigarettes smoked.25  

 

Based on information from the U.S. standard birth certificates, the rate of smoking 

during pregnancy in 2014 was 8.4%, and 20.6% of those who reported smoking during 

pregnancy quit by the third trimester. Smoking during pregnancy was more prevalent 

in teenagers to 24 year-olds, non-Hispanic American Indian and Alaska Natives, non-

Hispanic whites, unmarried women, and women of low socio-economic status assessed 

by educational attainment, payment method at delivery and receipt of benefits from 

WIC.5 Overall, the smoking rate in pregnant women decreased from around 20% in 

1989 to 8.4% in 2014.22 Studies from Sweden also have shown a decrease in maternal 

smoking during pregnancy from 29% in 1997 to 16% in 2005. However, the prevalence 

of smoking in women younger than 20 years old at the time of delivery increased by 6% 

in Denmark.26,27  

 

Because information on maternal cigarette smoking during pregnancy is commonly 

self-reported, it is a challenge to measure the true smoking prevalence in pregnant 

women. Validation studies using medical records, the questionnaire from the Pregnancy 

Risk Assessment Monitoring System, and cotinine biomarkers all indicated that the 

self-reported prevalence of maternal smoking during pregnancy is underestimated.28-30 

This under-reporting may be due to the social recognition of the harmful effects of 

smoking during pregnancy. Thus, misclassification of smoking status during pregnancy 
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is likely to be a source of bias in epidemiology research. 

 

Maternal Smoking During Pregnancy and ASD 

Eleven studies have examined the association between maternal tobacco use during 

pregnancy and ASD, but the results have been inconsistent (Table 1.1). Failure to adjust 

for confounding may contribute to the variability in reported results. Some of the earlier 

studies did not adjust for potential confounders such as socioeconomic status, maternal 

age, and maternal race/ethnicity,31-34 while other studies35,36 adjusted for factors that 

may be along the causal pathway.  

 

Cohort Studies 

Five cohort studies were conducted between 2010 and 2016. These studies were 

register-based except for the study conducted by Xiang et al..34 Two of the reviewed 

studies were from Canada, two from Norway, and one from the U.S. The number of 

participants varied across studies with a range between 64,924 to 507,856. All of them 

used self-reported information on maternal smoking obtained from a register.  

 

Burstyn et al.31 and Dodds et al.32 reported no association in the crude analysis of 

maternal smoking during pregnancy and ASD in Canada (RR:0.9 95% CI: 0.7, 1.0; 

OR:0.9 95% CI: 0.8, 1.1). ASD cases were identified thorough the specific diagnostic 

codes in the universal health insurance system in Brustyn’s study and the administrative 
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database in Dodds’s study. 

 

Nilsen et al.37 conducted two population-based cohort studies. One cohort was a 

nationwide population and another cohort was a sub-cohort from the Norwegian 

Mother and Child Cohort Study. ASD cases were identified from the Norwegian Patient 

Registry. A validation study was conducted using the Autism Diagnostic Interview-

Revised (ADI-R) and the Autism Diagnostic Observation Schedule (ADOS). Maternal 

smoking had a weak association with ASD in the nationwide cohort (OR = 1.3, 95% 

CI: 1.2, 1.5) and in the sub-cohort (OR = 1.2, 95% CI: 1.0, 1.3). Year of birth, maternal 

age, paternal age, marital status, parity, and hospital size were adjusted for in the 

multivariate analysis. 

 

Xiang et al. 34evaluated a cohort of singleton children born in hospitals in California. 

ASD cases were diagnosed based on an evaluation form specialist. No association was 

found between maternal smoking and ASD (HR:0.8, 95% CI: 0.3, 2.1). 

 

Case-Control Studies 

Haglund et al.38 conducted a case-control study in Sweden. Autism and Asperger 

syndrome cases were recruited based on diagnosis from the Malmoe Child Psychiatric 

Clinic. Information on maternal smoking was collected during all prenatal visits. They 

reported that a slightly protective association was found between maternal smoking and 
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autism (OR= 0.7, 95% CI:0.5, 1.0) and a slightly elevated association between maternal 

smoking and Asperger syndrome (OR=1.3, 95% CI:1.0, 1.7) after adjusted for maternal 

age, parity, mother’s original citizenship, gender, gestational age, birth weight standard 

deviation score, and the presence of obstetrical risk factors. 

 

Mrozek-Budzyn et al.33 conducted a case-control study matched 1:2 on year of birth, 

sex and general practitioner. A total of 96 cases and 192 controls were included in the 

study. Cases were identified from medical records. A standardized questionnaire was 

used to obtain information on active smoking during pregnancy. They found that the 

risk of ASD was three times higher in children whose mothers smoked during 

pregnancy compared to children whose mothers did not smoke during pregnancy. 

 

Maimburg et al.35 conducted a population-based, matched case-control study, which 

consisted of 473 infantile autism cases who were diagnosed based on the International 

Classification of Diseases, 8 and 10 revision (ICD 8 and 10) and identified in a register. 

Cases and controls were matched 1:10 on sex, year of birth and county of birth. 

Information on maternal smoking during pregnancy was collected by midwives at the 

first prenatal visit at about 12 weeks gestation. They found no association between 

maternal smoking during pregnancy and infantile autism after adjusted for parental age, 

mothers’ citizenship, birthweight, gestational age, Apgar Score, birth defects, and 

irregular fetal position. The strength of the study included that they matched cases on 

sex and birth year, and adjusted for maternal age and mothers’ citizenship. However, 
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limitation included that they adjusted for variables that could be along causal pathway, 

and that they did not adjust for social-economic status. Also, reporting smoking status 

to midwives might lead to exposure misclassification, because women may be 

uncomfortable admitting smoking during pregnancy to their midwives. 

 

Lee et al.39 compared 3,958 ASD cases and 38,983 controls from the Stockholm Youth 

Cohort. ASD cases were identified by ICD 9, ICD 10 and Diagnostic and Statistical 

Manual, Fourth Edition (DSM-IV) codes and were ascertained through regional and 

national data registers. Each case was matched with 10 controls on sex and birth year. 

ASD was categorized into ASD without co-morbid intellectual disability and ASD with 

co-morbid intellectual disability. Information on maternal smoking was collected by 

midwives during the first prenatal visit. Maternal smoking was categorized as binary 

(smoking and non-smoking) and categorical (none, 1-9 cigarettes daily, and >= 10 

cigarettes daily). They found that maternal smoking during pregnancy was not 

associated with ASD in a crude analysis and an analysis adjusted for maternal and 

paternal age and parity. After additionally adjusted for socioeconomic status, there was 

also no association. Limitations include excluding observations due to missing data, 

potential exposure misclassification due to self-report and outcome misclassification 

resulting from using administrative data. Meanwhile, reporting smoking status to 

midwives might lead to exposure misclassification, because women may be 

uncomfortable admitting smoking during pregnancy to their midwives. The strengths 

of the study included that all analyses were repeated stratified by calendar year and 
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associations were examined by degree of functioning in ASD. Moreover, a dose-

response effect of maternal smoking was assessed. Also, the exposure data were 

validated against serum cotinine levels, and the data quality was considered high. The 

investigators used a multi-source case ascertainment system to capture most cases. 

 

Kalkbrenner et al.40 recruited 3,315 cases of autism identified through a population-

based U.S. surveillance program. Children who were born in 1992, 1994, 1996, or 1998 

and who resided in the ADDM surveillance regions were identified, and a total of 

633,989 births who fulfilled the inclusion criteria were included in the study. Case 

subgroups were defined as: all ASD, Autistic disorder (AD), ASD- not otherwise 

specified (ASD-NOS), ASD with intellectual disability, and ASD without intellectual 

disability. Cases were identified using surveillance data if they met the criteria for ASD 

based on DSM-IV-TR. Exposure data were extracted from the birth certificate. They 

found no association between maternal smoking and ASD or AD and a modest 

association with ASD-NOS. Maternal race/ethnicity was examined as an effect measure 

modifier while maternal age, education, marital status, county population size, birth 

year, surveillance site and a cross product of surveillance site and birth year were 

included as confounders in the adjusted analysis. Strengths of the design included the 

sensitivity analyses conducted to correct for outcome misclassification, case subgroup 

examination, and adjustment for SES and other confounders. The inaccuracy of 

maternal smoking information on the birth certificate and the lack of information on 

dose and frequency of maternal smoking were limitations of the study. 
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Tran et al 36. conducted a study nested in the Finnish Prenatal Study of Autism and ASD. 

The study included 4,019 ASD cases and 16,123 controls. Cases and controls were 

matched 1:4 on date of birth, sex, and whether they were a resident of Finland at the 

time of birth. ASD cases were diagnosed from the Finnish Hospital Discharge Register 

based on ICD 10 codes. Childhood autism, Asperger’s syndrome, and pervasive 

developmental disorder unspecified (PDD) were examined separately as subtypes of 

ASD. Information on maternal smoking during pregnancy was recorded by nurses 

during routine prenatal visits and was obtained from the Finnish Medical Birth Register. 

Maternal smoking during pregnancy was defined as no smoking, quit smoking during 

the first trimester, smoked throughout the pregnancy, and unknown. No association was 

found between maternal smoking during pregnancy and ASD after adjusting for 

maternal age, social-economic status, birth weight adjusted for gestational age, and 

maternal psychiatric diagnosis. However, smoking throughout the whole pregnancy 

was found to be associated with PDD. Strengths included a simulation sensitivity 

analysis for missing data in maternal smoking, examining subtypes of ASD, and 

assessing timing of exposure. Limitations were potentially inaccurate self-reported 

exposure information and adjusting for birthweight which could be along the causal 

pathway. 
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Summary 

Most studies found no association between maternal smoking during pregnancy and 

ASD. Some of the results31,32,34 may be biased due to lack of adjustment for 

confounding; some35,36,38 may be biased because of controlling for factors along the 

causal pathway. However, two studies found an elevated risk of ASD among mothers 

who smoked during pregnancy. One was a crude analysis and the other failed to control 

for socioeconomic status. Each of the reviewed studies had its limitation. Therefore, 

these inconsistent results could indicate the need for better studies to assess the 

association between maternal smoking during pregnancy and ASD. 

 

The current study differs from the previous studies in several ways. First, ASD cases 

were confirmed by the UC Davis Medical Investigations of Neurodevelopmental 

Disorders Institute (MIND) using the ADI-R and the ADOS7, which improves validity. 

Second, information on potential confounders such as maternal age, socioeconomic 

status, maternal race/ethnicity were collected. Thus, potential confounding should be 

well controlled. Finally, information on passive smoking during pregnancy was also 

collected, which enabled investigation of the association between passive and active 

smoking during pregnancy. In addition, information on maternal smoking before and 

after pregnancy were available for us to investigate the effect of maternal smoking on 

ASD in different time periods. 

 

ASD is a serious developmental disorder which is hard to diagnose, and there is 
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currently no medication or best treatment available to cure the disease.2 Moreover, the 

prevalence of ASD has increased greatly during the past half century globally.10 

Maternal smoking during pregnancy is a potential modifiable risk factor for ASD. Even 

though the prevalence of maternal smoking during pregnancy has experienced a 

decreased from 1984,22 the rate of maternal smoking is still high according to studies 

from Sweden, the UK and the US.26,27,41 Thus, it is important to further assess whether 

maternal smoking during pregnancy plays a role in ASD. If smoking does cause ASD, 

it would reinforce the importance of identifying strategies for maternal smoking 

prevention during pregnancy. 
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Table 1.1 A review of previously published studies of smoking during pregnancy 
and ASD in the offspring 

Author Year Study 

Design 

Exposure 

Ascertainment 

Disease 

Ascertainment 

OR 

(95%CI) 

(Maternal 

Smoking 

Yes V.S. 

No) 

Covariates 

Maimburg 

et al. 

2006 Case-control 

Study; 473 

cases, 4,720 

controls 

matched on 

sex, year and 

county of 

birth 

First prenatal 

visit, collected 

by midwives 

Danish 

Psychiatric 

Central 

Register (ICD-

8 and ICD-10) 

0.9 (0.7-

1.4)  

Maternal age, 

paternal age, 

mothers’ 

citizenship, 

birthweight, 

gestational age, 

Apgar, birth defect 

and irregular fetal 

position 

Burstyn et 

al. 

2010 Cohort 

Study; 1,122 

cases, 

215,220 

singleton 

live births 

Routinely 

clinical care at 

the admission 

to delivery 

Physician 

Billing Record 

(ICD-9) 

RR: 0.9 

(0.7-1.0) 

None 

Dodds et al. 2011 Cohort 

Study; 924 

ASD cases, 

129,733 

births 

Perinatal 

Database 

Administrative 

Health 

database (ICD-

9 and ICD-10) 

RR: 0.9 

(0.8-1.1) 

None 

Haglund et 

al. 

2011 Case-

Control 

Study; 157 

Autism, 93 

Asperger 

syndrome, 

68,714 

controls 

Swedish 

Medical Birth 

Registry; 

Antenatal 

clinic visit 

Malmoe Child 

Psychiatric 

Clinic (DSM-

IV, ICD-10) 

Autism: 0.7 

(0.5-1.0) 

Asperger 

syndrome: 

1.3 (1.0-

1.7) 

Maternal age at 

delivery, parity, 

mother’s original 

citizenship, gender, 

gestational age, SD-

score, obstetrical 

risk factor  

Lee et al. 2011 Case-control 

Study; 3,958 

cases and 

38,983 

controls 

Medical Birth 

Register 

National and 

Regional Data 

Register (ICD-

9, ICD-10, 

DSM-IV) 

Crude:1.1 

(1.0,1.2) 

Adjusted: 

no 

significant 

association 

Maternal age, 

paternal age, parity, 

SES 

Kalkbrenner 

et al. 

2012 Case-control 

Study; 3,315 

Birth 

Certificate 

Autism and 

Developmental 

PR: 0.9 

(0.8-1.0) 

Maternal age, 

education, marital 
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cases, 

630,674 

controls 

Disabilities 

Monitoring 

network 

(DSM-IV-TR) 

status, County 

population size, 

birth year, 

surveillance site 

Tran et al. 2013 Case-

Control 

Study; 4,019 

cases, 

16,123 

controls 

Finnish 

Medical Birth 

Register 

Finnish 

Hospital 

Discharge 

Register (ICD-

10) 

1.0 (0.9-

1.2) 

Maternal age at 

birth, SES, infant's 

weight for 

gestational age, 

maternal psychiatric 

diagnosis 

Mrozek-

Budzyn et 

al. 

2013 Case-

Control 

Study; 96 

cases, 192 

controls 

matched on 

year of birth, 

sex, and 

general 

practitioners 

Questionnaire Medical 

Record (ICD-

10) 

3.3 (1.1,9.8) None 

Nilsen et al. 2013 Cohort 

Study; 285 

ASD cases, 

total 89,836 

children 

Medical Birth 

Registry of 

Norway; 

Beginning and 

end of 

pregnancy 

Norwegian 

Patient 

Registry (ICD-

10); Validation 

Assessment 

(DMS-IV) 

1.3 (1.2,1.5) Year of birth, 

maternal age, 

paternal age, marital 

status, parity, 

hospital size 

  Cohort 

Study; 2,072 

ASD cases, 

total 

507,856 

children 

Medical Birth 

Registry of 

Norway; 

Beginning and 

end of 

pregnancy 

Norwegian 

Patient 

Registry (ICD-

10) 

1.2 (1.0,1.3) Year of birth, 

maternal age, 

paternal age, marital 

status, parity, 

hospital size 

Xiang et al. 2015 Cohort 

Study; 643 

ASD cases, 

64,924 

singleton 

children,  

Medical 

Record and 

Birth 

Certificate 

Diagnosed by 

pediatric 

developmental 

specialist 

HR: 0.8 

(0.3-2.1) 

None 

OR: Odds ratio; CI: Confidence interval. 
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CHAPTER 2 

Introduction 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder associated with 

abnormalities in socialization and emotional development and with restricted, repetitive 

stereotyped behaviors. Maternal smoking during pregnancy may affect 

neurodevelopment in the fetus and risk for ASD through mechanisms such as changing 

gene expression in the fetal brain6 and reduced blood flow causing oxygen deprivation 

in the brain.4 Maternal smoking during pregnancy remains a modifiable public health 

concern with 10% of infants exposed to maternal smoking during the third trimester in 

the US.5  

 

Results from studies examining the association between maternal tobacco use during 

pregnancy and ASD have been inconsistent.1 In reviewed studies, 8 studies found there 

was no association between maternal smoking during pregnancy and ASD31,32,34-37,39,40, 

while 2 studies found an elevated association between maternal smoking during 

pregnancy and ASD33,37, and one study reported that maternal smoking was protective 

for autism but increased the risk of Asperger Syndrome38. These studies varied in design, 

ASD definition and screening process, and exposure ascertainment. All the above 

factors may affect the study results. 

 

In the present study, we evaluated whether maternal smoking during pregnancy 

increased the risk of child ASD compared with children whose mothers who did not 
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smoke during pregnancy using participants in the Childhood Autism Risks from 

Genetics and the Environment (CHARGE) Study, a population-based case-control 

study.7 The current study differs from the previous studies in several ways. ASD cases 

were ascertained by trained personnel using the Autism Diagnostic Interview-Revised 

(ADI-R) and the Autism Diagnostic Observation Schedules (ADOS), which improves 

validity. In addition, information on passive smoking during pregnancy was collected, 

which enabled investigation of the association between passive as well as active 

smoking during pregnancy.  

 

Methods 

Study Population 

Participants were identified in the CHARGE Study, which has been described 

elsewhere.7 In brief, researchers recruited and collected data from children with full-

syndrome autism and children selected from the general population regardless of their 

developmental status. Children with ASD were identified through the California 

Department of Developmental Services which contracts regional centers, referrals from 

other research studies or health providers, and referrals from schools, friends, and 

families. The typical development (TD) group were identified in state birth files 

frequency matched to autism cases by age, gender, and the regional center. All 

participating children were between 24 and 60 months at enrollment, born in California, 

living with at least one biologic English or Spanish speaking parent, and living within 
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the catchment areas of regional centers.  

 

Diagnostic Classification 

Child’s diagnostic group was confirmed by trained study personnel using the ADI-R 

and the ADOS.42 All participants were assessed for cognitive function and adaptive 

function using the Mullen Scales of Early Learning (MSEL) and the Vineland Adaptive 

Behavior Scales (VABS) respectively. ASD was defined as meeting established cut 

points on both the ADI-R and the ADOS as described in greater detail elsewhere.43 The 

TD group were screened for sign of autism using the Social Communication 

Questionnaire (SCQ). Children who scored ≥ 15 were administered the ADI-R and 

ADOS and were reclassified to the ASD group if they met the criteria. The final TD 

group included children who obtained an MSEL score of ≥  70 and a VABS score 

of ≥0 and scored ≤ 15 on SCQ.  

 

Exposure 

Maternal smoking during pregnancy information was obtained through questionnaires 

administered by trained interviewers over the phone or by self-administered 

questionnaires. Mothers were asked if they smoked before (three months before the 

conception), during, or after pregnancy (until the child was 4 years old). Further, they 

were asked if they lived with a person who smoked before, during, or after their 

pregnancy. 
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Covariates 

A Directed Acyclic Graph (DAG) was created to select potential confounders based on 

existing research. Additional covariates based on the DAG were: maternal age, 

mother’s birth place, maternal race/ethnicity, payment method, marital status, prenatal 

vitamin use, and highest education in the household. Information was obtained from 

questionnaires. 

 

Statistical Analysis 

All statistical analyses were performed using SAS 9.4. Univariate descriptive analyses 

were performed to check for outliers and to summarize demographic information. 

Correlations between maternal smoking during pregnancy and before and after 

pregnancy were evaluated to explore whether smoking behavior changed during these 

periods. Logistic regression was used to investigate the association between ASD and 

maternal smoking during pregnancy. In multivariate models, we included all potential 

confounders identified using the DAG and all the matching factors in the CHARGE 

study. Variables were then excluded using backward elimination and retained if 

excluding the variable caused greater than 10% change in the exposure estimate. All 

matching variables were included in the analysis regardless of their impact on the 

exposure estimate. The final model was also fit restricted to the subgroup of women 

who completed the questionnaire administered by interviewers. We also conducted 
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analyses exploring the effect of maternal smoking before or after pregnancy and 

analyses of passive maternal smoking during, before or during, or after pregnancy. Bias 

analyses were conducted to evaluate the potential effect of bias due to missing smoking 

status and of misclassification due to self-reported smoking information. Potential bias 

from missing smoking status was evaluated under four assumptions: 1. Considering all 

missing values as smoking; 2. Considering all missing values as no smoking; 3. 

Considering missing values for cases as smoking and missing values for controls as no 

smoking; 4. Considering missing values for cases as no smoking and missing values 

for controls as smoking. Potential exposure misclassification due to self-report was 

evaluated by conducting a bias analysis using sensitivity and specificity obtained from 

existing research comparing self-reported smoking status during pregnancy and 

cotinine levels in the blood. Also, the effect of smoking before or after pregnancy was 

evaluated among women who did not smoked during pregnancy. 

 

Results 

A total of 1,266 births were included in the analysis, with 766 ASD cases and 500 

controls. The control group was frequency matched to the age, gender, and regional 

center distribution of the ASD cases. ASD cases were more likely to have a mother who 

reported other marital status, did not use prenatal vitamin, was born outside the USA, 

was Hispanic or non-Hispanic other than white, and had no insurance or was using a 

government sponsored insurance programs (Table 2.1).  
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In the case group, 9.1% of the mothers smoked during pregnancy, while in the control 

group, 5.7% of the mothers smoked during pregnancy. The percent smoking during 

pregnancy was greater for mothers who were younger, were unmarried, did not use 

prenatal vitamins and did not have insurance or were in a government program. Non-

Hispanic white mothers who born in the US were more likely to smoke during 

pregnancy compared to Non-Hispanic other races or Hispanic mothers who born 

outside the US. Among mothers who smoked during pregnancy, 55% of the families 

had some college as the highest education level (Results not shown). 

 

In the model adjusted only for matching variables, maternal smoking during pregnancy 

was associated with a higher odds of ASD compared with no maternal smoking during 

pregnancy (OR=1.64, 95% CI:1.01, 2 .66). The association remained after adjusted for 

maternal race/ethnicity, prenatal vitamin use, payment method, and the matching 

variables child’s birth year, gender, and the regional center (OR=1.46, 95% CI: 0.89, 

2.40). Among women who completed questionnaires administered by interviewers, 

there was also a weak association between maternal smoking during pregnancy and 

ASD (OR= 1.37, 95% CI: 0.77, 2.45). We also examined the association between ASD 

and maternal smoking before pregnancy, in child’s first year, and after the child turned 

two adjusted for the same variables. Similar elevated associations were found for all 

time periods, although the association for smoking after the child turned two and ASD 

was slightly attenuated (Table 2.2). 
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Adjusted multivariate models were also fit to evaluate passive maternal smoking and 

ASD (Table 2.3). Passive maternal smoking during pregnancy, before or during 

pregnancy, and in child’s first year were associated with an increased odds of ASD. The 

odds of maternal active or passive smoking was 1.62 times that of mothers who did not 

smoked and were not exposed to passive smoking. 

 

Information on maternal smoking during pregnancy was missing for 137 individuals. 

Our sensitivity analysis of potential bias due to missing values for smoking suggested 

minimal bias (Table 2.4). Further, the associations between ASD and maternal smoking 

before pregnancy or in child’s first year persisted even when we excluded women who 

reported smoking during pregnancy although the 95% CIs were wide. However, the 

elevated association between maternal smoking in child’s second year and later and 

ASD became null after excluding women who smoked during pregnancy (Appendix 

Table 1). Finally, a bias analysis using the sensitivity and specificity smoking obtained 

from Mattsson et al.44 showed a corrected crude odds ratio of 6.45, which suggested 

that there may be information bias due to inaccurate self-reported information has the 

potential to introduce substantial bias. 

 

Discussion 

This population based case-control study investigated the association between maternal 
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tobacco use during pregnancy and ASD. In the unadjusted analyses, there was an 

increased risk of ASD among children who were exposed to maternal smoking during 

pregnancy. After adjusted for maternal race/ethnicity, prenatal vitamin use, payment 

method, and the matching variables child’s birth year, gender, and the regional center, 

women who smoked during pregnancy had a 46% increased odds of having a child with 

ASD compared to women who did not smoke during pregnancy. The association was 

stronger when both active smoking and passive smoking occurred during pregnancy 

compared to no active and passive smoking during pregnancy. Moreover, the elevated 

association was persistent for maternal smoking before, during, and after pregnancy 

and when we performed bias analyses to address missing data. The estimate was 

stronger when we performed a bias analysis to address misclassification of maternal 

smoking during pregnancy.  

 

The elevated association is consistent with the studies conducted by Nilsen et al. 

(OR=1.29, 95% CI: 1.16, 1.45) and Mrozek-Budzyn et al (OR=3.32, 95% CI: 1.12, 

9.82),33,37 although, their studies failed to control for socioeconomic status. In contrast, 

several previous studies showed no association between maternal smoking during 

pregnancy and ASD.31,32,34-36,38 Each of these studies had limitations. Some of the 

results may be biased due to lack of adjustment for confounding by socioeconomic 

status or maternal race/ethnicity,31,32,34,38 while others may be biased from controlling 

for factors such as birth weight which may be along the causal pathway between 

maternal smoking and ASD.35,36 Our study differs from the previous studies in that the 
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outcome ascertainment was performed by trained personnel after recruitment. In 

addition, we adjusted for potential confounding factors, including socioeconomic status 

as measured by highest education in the household and payment delivery method. 

 

Despite the strengths of this study, several limitations should be noticed, and caution 

should be used when interpreting the study findings. Limitations include potential 

misclassification of maternal smoking during pregnancy. The exposure information was 

determined by self-report through a telephone interview or by self-administered 

questionnaires and some participants had missing values for smoking status. These 

potential sources of bias were addressed by conducting bias analyses. The results from 

our sensitivity analyses suggested that the impact of missing data may be small, but the 

bias from misclassification of smoking may be large and towards the null. However, 

the bias analysis of misclassification of smoking used sensitivity and specificity based 

on a Swedish study. The bias analysis results may be misleading if the bias parameters 

from the Swedish study do not apply to our study population. A subgroup analysis was 

performed among women who completed the questionnaires administered by 

interviewers, but a similar elevated association was found between maternal smoking 

and ASD, which suggested that the mode of questionnaire administration may not affect 

exposure reporting in this study. 

 

Another limitation is that we did not have information regarding trimester-specific 

maternal smoking. Therefore, we were unable to evaluate whether there is a specific 
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critical exposure window. However, the results were robust for before and after 

pregnancy. Due to the strong correlation between smoking during pregnancy and 

smoking during other time periods, we had limited ability to assess whether smoking 

after pregnancy might be associated with ASD. However, there was a suggestion that 

maternal smoking during child’s first year might be related to ASD, because the 

association persisted even when women who smoked during pregnancy were excluded. 

We observed a strong association between maternal smoking before pregnancy and 

ASD, even when women who smoked during pregnancy were excluded. Although there 

may be an effect of smoking before pregnancy on ASD, this association may be a result 

of some women who smoked during pregnancy only admitting to smoking before 

pregnancy. Alternatively, there could be residual confounding if there is a strong, 

unmeasured risk factor for ASD that is associated with smoking. Passive smoking 

during pregnancy was more strongly associated with ASD than active smoking in our 

study, which also could be an indication of residual confounding. Alternatively, this 

stronger association may be because women who smoked during pregnancy only 

reported exposure to environmental tobacco smoking but not to active smoking. We 

were also unable to evaluate whether there was a dose response relation between the 

frequency of maternal smoking and ASD. 

 

Strengths of the present study included using a population base study design and having 

a large sample size. Also, ASD cases were confirmed by the UC Davis MIND Institute 

using the ADI-R and the ADOS, which improves validity. Furthermore, information on 
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passive smoking during pregnancy and postnatal smoking were collected, which 

enabled investigation of the association between passive and active smoking during 

pregnancy and the potential impact of postnatal smoking on ASD. 

 

In conclusion, the present study suggests that maternal smoking during pregnancy may 

be related to higher risk of ASD compared to mothers who did not smoke during 

pregnancy. This risk may be related to passive as well as active smoking. Future studies 

may consider using objective markers of cigarette smoking such as serum cotinine 

levels to ascertain exposure. Also, the association between ASD and trimester-specific 

maternal smoking during pregnancy or the dose response effect of maternal smoking 

during pregnancy on ASD may be of value to investigate. 
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Table 2.1 Characteristics of the CHARGE cohort by disease status 
Characteristic, 
N (%) 

ASD 
(n=766) 

TD 
(n=500) 

Age at Assessment (month)   
23.4-36.0 153 (20.0) 138 (27.6) 
36.1-48.0 259 (33.8) 181 (36.2) 
48.1-53.0 143 (18.7) 80 (16.0) 
53.1-65.2 211 (27.6) 101 (20.2) 
Regional Center   
Alta, Far Northern, and Redwood Coast 301 (39.3) 235 (47.0) 
North Bay 95 (12.4) 80 (16.0) 
East Bay, San Andreas, and Golden Gate 124 (16.2) 77 (15.4) 
Valley Mt, Central Valley, and Kern 148 (19.3) 86 (17.2) 
All Los Angeles, Orange, San Diego, Tri-
counties and Inland 

98 (12.8) 22 (4.4) 

Birth Weight   
Low Birth Weight (<=2500) 62 (8.1) 31 (6.2) 
Not Low Birth Weight (>2500) 704 (91.9) 469 (93.8) 
Gender   
Male 645 (84.2) 412 (82.4) 
Female 121 (15.8) 88 (17.6) 
Maternal Age   
16-20 33 (4.3) 24 (4.8) 
21-25 129 (16.8) 68 (13.6) 
26-30 215 (28.1) 42 (28.6) 
31-35 239 (31.2) 172 (34.4) 
36-40 127 (16.6) 74 (14.8) 
41 or more 23 (3.0) 19 (3.8) 
Payment Method   
Government Program/ No Insurance 151 (20.1) 77 (15.7) 
Insurance 602 (79.9) 414 (84.3) 
Missing 13 9 
Marital Status   
Never Married 45 (6.4) 28 (5.7) 
Married 572 (81.4) 422 (86.5) 
Other 86 (12.2) 38 (7.8) 
Missing 63 12 
Prenatal Vitamin Use   
Yes 382 (56.2) 293 (63.8) 
No 298 (42.8) 166 (36.2) 
Missing 86 41 
Birth Place of Mother   
Born in USA 569 (74.3) 414 (82.8) 
Born in Mexico 62 (8.1) 28 (5.6) 
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Born outside USA or Mexico 135 (17.6) 58 (11.6) 
Highest Education in household*   
High school diploma/GED or less 81 (10.6) 40 (8.0) 
Some College 246 (32.2) 167 (33.4) 
Bachelor degree 255 (33.3) 178 (35.6) 
Graduate or higher degree 183 (23.9) 115 (23.0) 
Maternal Race/Ethnicity   
White non-Hispanic 438 (57.2) 329 (65.8) 
Other races non-Hispanic 147 (19.2) 73 (14.6) 
Hispanic any race 181 (23.6) 98 (19.6) 
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Table 2.2 Adjusted* OR and 95% CI for ASD and maternal smoking during 
different periods 
Main Exposure Cases Controls OR 95% CI 
During Pregnancy     
Yes 57 26 1.46 0.89, 2.40 
No 595 422 1.00 Referent 
Before or During Pregnancy     
Yes 92 43 1.47 0.99, 2.19 
No 561 405 1.00 Referent 
Before Pregnancy     
Yes 87 42 1.41 0.94, 2.12 
No 567 406 1.00 Referent 
In Child's First Year     
Yes 48 22 1.44 0.85, 2.45 
No 604 426 1.00 Referent 
In Child's 2 Second Year and 
After 

    

Yes 72 38 1.23 0.80, 1.89 
No 580 410 1.00 Referent 
OR: Odds ratio; CI: Confidence interval. 
*Adjusted for maternal race/ethnicity, prenatal vitamin use, payment method, year of 
birth, child’s gender, and the regional center. 
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Table 2.3 Adjusted* OR and 95% CI for ASD and active and passive maternal 
smoking during different periods 
Maternal Smoking Cases Controls OR 95% CI 
Passive     
During Pregnancy     
Yes 116 50 1.68 1.16, 2.43 
No 537 396 1.00 Referent 
Before or During Pregnancy     
Yes 122 51 1.77 1.23, 2.54 
No 531 395 1.00 Referent 
In Child's First Year     
Yes 111 45 1.74 1.18, 2.54 
No 543 401 1.00 Referent 
In Child's 2 Plus Year     
Yes 105 48 1.50 1.03, 2.19 
No 549 398 1.00 Referent 
During Pregnancy   OR 95% CI 
Only Active Smoking 27 13 1.41 0.71, 2.83 
Only Passive Smoking 83 37 1.65 1.09, 2.52 
Both 30 13 1.73 0.87, 3.45 
None 507 383 1.00 Referent 
     
Either Active or Passive Smoking 140 63 1.62 1.16, 2.27 
None 507 383 1.00 Referent 
Before or During Pregnancy   OR 95% CI 
Only Active Smoking 43 23 1.32 0.77, 2.27 
Only Passive Smoking 71 31 1.74 1.10, 2.73 
Both 49 20 1.88 1.08, 3.27 
None 485 372 1.00 Referent 
     
Either Active or Passive Smoking 163 74 1.64 1.19, 2.26 
None 485 372 1.00 Referent 
OR: Odds ratio; CI: Confidence interval. 
*Adjusted for maternal race/ethnicity, prenatal vitamin use, payment method, year of 
birth, child’s gender and the regional center. 
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Table 2.4 Adjusted * OR and 95% CI for maternal smoking during pregnancy and 
ASD based on sensitivity analysis for missing values in maternal smoking status 
Model Case Controls OR 95% CI 
All Missing Values as Smoking     
Yes 73 31 1.65 1.05, 2.60 
No 595 422 1.00 Referent 
All Missing Values as Nonsmoking     
Yes 57 26 1.40 0.85, 2.31 
No 611 427 1.00 Referent 
Missing Values for Case as Smoking, 
Missing Values for Control as Nonsmoking 

    

Yes 73 26 1.99 1.23, 3.23 
No 595 427 1.00 Referent 
Missing Values for Case as Nonsmoking, 
Missing Values for Control as Smoking 

    

Yes 57 31 1.17 0.73, 1.88 
No 611 422 1.00 Referent 
OR: Odds ratio; CI: Confidence interval. 
*Adjusted for maternal race/ethnicity, prenatal vitamin use, payment method, year of 
birth, child’s gender and the regional center. 
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APPENDIX  

 
Table 1 Adjusted* OR and 95% CI for smoking before or after pregnancy among 
women who did not report smoking during pregnancy 
Maternal Smoking   Case

s 
Controls OR 95% CI 

Only Before Pregnancy      
Yes  35 17 1.46 0.80, 2.68 
No  562 405 1.00 Referent 
Only In Child's First Year       
Yes  18 8 1.57 0.67, 3.70 
No  579 414 1.00 Referent 
Only In Child's Second Year and 
After 

     

Yes  31 22 0.90 0.50, 1.60 
No  566 400 1.00 Referent 
OR: Odds ratio; CI: Confidence interval. 
a: Women who smoked during pregnancy were excluded when estimating odds ratio; 
*Adjusted for maternal race/ethnicity, prenatal vitamin use, payment method, year of 
birth, child’s gender and the regional center. 
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