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ABSTRACT OF THE DISSERTATION 

Perinatal Risk Factors and Autism in Los Angeles County:  

The Role of Air Pollution, Maternal Race/Ethnicity and Nativity 

by  

Tracy Ann Becerra 

Doctor of Philosophy in Epidemiology 

University of California, Los Angeles, 2013 

Professor Beate Ritz, Chair 

 

Background: Autistic Disorder (AD) is a serious developmental condition with a wide range of 

symptoms and the prevalence has risen dramatically over the past two decades. The pathogenic 

mechanisms of autism have yet to be determined or are not well understood.  Epidemiologic 

investigations support a prenatal or early postnatal origin of autism and it is likely that multiple 

genes interacting with one or more environmental factors cause some cases.  However, high-

quality population-based research addressing etiology is limited.  There may be phenotypic 

differences in the presentation of autism in minority groups that may indicate etiologic 

heterogeneity, but it is unknown whether maternal race/ethnicity and nativity are risk factors for 

childhood autism in the U.S.  Few studies to date have examined the impact of air pollution on 

brain development in general during pregnancy, although epidemiologic studies have associated 

air pollution exposure during the prenatal period to a variety of adverse birth outcomes. Few 

studies to date have examined the impact of air pollution on brain development in general during 

pregnancy, although epidemiologic studies have associated air pollution exposure during the 

prenatal period to a variety of adverse birth outcomes.  Our first aim was to investigate the 
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association between traffic related air pollution exposures during pregnancy and autism using: 1) 

ambient criteria air pollutant measurements, and 2) land-use regression (LUR) to model traffic 

related air pollution exposures, using a matched case-control design.   The second and third aim 

was to determine whether the risk of autism and autistic phenotypes, i.e., comorbid mental 

retardation, expressive language, and emotional/behavioral deficits, differ by maternal 

race/ethnicity and nativity.  Using U.S.-born white mothers as reference, we examined autism 

relative risks in Hispanics and black mothers born in or outside of the U.S of which mothers born 

in Mexico or Central/South America were specified.  In addition, we examined the association 

between autism and maternal Asian race/ethnicity in women born in the U.S., China, Japan, 

Korea, Philippines, or Vietnam.  

Methods: Children of mothers who gave birth in Los Angeles who were diagnosed with a 

primary AD diagnosis at ages 3-5 years during 1998-2009 were identified through the California 

Department of Developmental Services and linked to 1995-2006 California birth certificates.  

For 7,603 children with autism, in the first study we selected 10 controls per case matched by 

sex, birth year, and minimum gestational age, birth addresses were mapped and linked to the 

nearest air monitoring station and a LUR model.  For the second study, 6,485 children with AD 

were selected from a cohort of 1,461,610 births from white, Hispanic, and black mothers; and for 

the final study 2,532 children with AD were selected from a cohort of 401,091 births from Asian 

and U.S.-born white mothers. We further identified a subgroup of children with AD and a 

secondary diagnosis of mental retardation (AD-MR).  To appropriately investigate language and 

behavior heterogeneity, we restricted assessments to 5-year olds.  We identified from DDS 

evaluation records two subgroups with either “impaired” or “less impaired” expressive language; 

and two subgroups with “severe” or “less severe” emotional outburst behavior.   
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Summary of findings:  Per interquartile range (IQR) increase, we estimated a 12-15% relative 

increase in odds of autism for O3 (11.54ppb) and PM2.5  (4.68 g/m
3
) when mutually adjusting for 

both pollutants.  Furthermore, we estimated 3-9% relative increases in odds per IQR increase for 

LUR-based NO (9.4ppb) and NO2 (5.4ppb) exposure estimates.  LUR-based associations were 

strongest for children of mothers with less than a high school education.  We found increases in 

risk for AD and AD-MR for children of foreign-born (FB) black mothers and Hispanic mothers 

from Central/South America, as well as of mothers who immigrated from the Philippines and 

Vietnam compared to U.S.-born whites.  We estimated a 52% and 53% relative increase in risk 

of having a child with AD-MR for both U.S.-born African American/black and Hispanic 

mothers, respectively. Compared to children with autism of U.S.-born white mothers, most other 

maternal subgroups, except for foreign-born Chinese or Japanese mothers, had children with a 

higher risk of impaired expressive language.  Severity of emotional outbursts was higher in 

children of foreign-born black and Centra/South American mothers, as well as in U.S.-born 

Hispanics.  However, severe emotional outbursts seem to co-occur with impaired language.   
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Chapter 1: Introduction  

The patterns of illness and disease among children have significantly changed over the past 

two centuries in the United States.  Chronic health conditions, such as asthma, type 2 diabetes, 

obesity, and autism are the most common disorders experienced by children today.  Over 20 

years ago, the incidence of autism in the state of California was 6.2 cases per 10,000 births (in 

1990).  By 2001 this number rose to almost seven-times that, now reported at 42.5 cases per 

10,000 births (1), and the debate about how much of the increase is from a true rise of incident 

cases versus changes in diagnostic criteria continues to be discussed (2).    

Background of Autistic Disorder  

 Autistic Disorder is a serious developmental condition with a wide range of symptoms 

expressed by individuals with the diagnosis.  It is the most severe among common and 

increasingly diagnosed developmental disorders that are referred to as Autism Spectrum 

Disorders (ASD).  ASD is a term commonly used to describe overlapping neurodevelopmental 

deficits and impairments, though not formally defined as a group of disorders in the DSM-IV, 

will be a formal diagnosis in the DSM-5 (3).  

 Autistic Disorder was one of five Pervasive Developmental Disorders (PDD) officially 

described in the DSM-IV; three are considered an ASD: 1) Autistic Disorder, 2) Asperger’s 

Disorder, 3) Pervasive Developmental Disorder, Not Otherwise Specified, 4) Rett’s Disorder, 

and 5) Childhood Disintegrative Disorder.  Autistic Disorder is characterized by impairments in 

social interaction, abnormalities in verbal and nonverbal communication, and restricted 

stereotyped behaviors (4).  Many of those afflicted with autism also differ in their way of 

learning, paying attention, or reacting to sensations.   
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 Autism impairments are characteristic of early insults to the brain, such that neuronal 

connections and subsequently higher-level brain processes are impaired.  Difficulty registering 

meaningful sensory input is often one of the most disabling and commonly observed aspects in 

children with autism.  Children often have heightened sensitivities not only to the sensory 

qualities inherent in everyday experiences and environments (eg. visual and auditory stimuli) but 

also to basic variations in place and time e.g. limited ability to tolerate change (5).  Similarly, 

children may also have some lowered sensitivities and are unable to register sensory inputs and 

act meaningfully in response.    

 Children diagnosed with Autistic Disorder express symptoms at different ages but are 

usually identified and diagnosed by the age of three.  Males are four times as likely as females to 

be diagnosed with autism (6).  It is presumed that autism is present from birth and some 

individuals are thought to manifest abnormal development from this time.  However, others 

experience what appears to be regressive development between 18 and 24 months of age, after a 

period of normal development (7).  The Medical Investigation of Neurodevelopmental Disorders 

Institute (M.I.N.D. Institute) described recognizable developmental differences between typical 

infants and those at high risk of ASD as early as 12 months (8).  The divergence in development 

between these two groups was expressed by a lack of shared eye-contact, smiling and 

communicative babbling that emerged gradually and only became apparent during the latter part 

of the first year of life.  Regardless of the different developmental trajectories, individuals will 

live with most of the symptoms of their disorder for the remainder of their lives.  

 The prevalence of autism has reportedly risen for the past 20 years, partly due to changes 

in case definition and improved case recognition.  In California, Hertz-Picciotto et al suggested 

that the rise in autism could also be explained by younger age at diagnosis and inclusion of 
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milder cases, but that this would still not fully explain the observed rise in numbers (1).  Early 

reports (1966-1991) estimated the average prevalence of autism alone at 4 cases per 10,000 

births (9).  Croen et al reported an increase in the prevalence of autism in California from 5.8 in 

1987 to 14.9 per 10,000 births in 1994; the trend was independent of maternal age, education, 

race, ethnicity, and parity (10).  More recently in the United States, the Centers for Disease 

Control reported that 1 in 88 8-year-old children fall into the broader spectrum of autism (ASD) 

(8 years was chosen as a reasonable index age at which to monitor peak prevalence)
 
(11).  

Pathogenesis of Autism  

 The pathogenic mechanisms of autism have yet to be determined.  Early speculations 

were that autism resulted from bad parent-child interactions (12).  However, it is now known that 

abnormal brain development underlies the pathogenesis of autism (13–16).  Autopsy studies 

show that autistic individuals display structural differences in their brain.  Imaging and 

electrophysiologic research has revealed differences in information processing in children with 

autism compared with those experiencing typical development (17–21).  Today, we suspect that 

both genes and the environment play a role, and that autism is a complex disorder with many 

contributing causes. 

Risk Factors for Autism 

The factors contributing to autism are not well understood.  Evidence for genetic causes 

is strong and recent research projects that in at least 37% of autism cases genetic factors are main 

contributors (22).  In California, concordance rates of 77% for identical twin pairs and 31% for 

fraternal twin pairs have been reported for ASD, and these numbers are comparable to those 

reported in other populations (22).  Previous twin and family studies provided evidence for a 

strong genetic component to the etiology of autism, and strong familial aggregation of autism has 
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also been demonstrated (22–25).  The sibling recurrence risk, i.e., the probability of developing 

autism given a person’s sibling is autistic, was estimated at 2-14%, a 10- to 20- fold increase 

over the general population’s prevalence (26).  Family histories of general social deficits, 

language abnormalities, and psychiatric disorders have also been linked to autism in case-control 

and clinic-based studies (23)(27,28).  A novel human gene autism susceptibility candidate 2 

(AUTS2) was found by Sultana et al to be associated with ASD and was later described to 

express itself at increasingly higher levels throughout brain development (29,30).   By in situ 

hybridization in mice, AUTS2 expression was found to encode a nuclear protein expressed in 

developing brain regions, like the developing cortex, thalamus, and cerebellum implicated in 

autism neuropathology (30).  However, the functional role of AUTS2 for neuronal development 

is still unknown.  Another genetic study found autism and its severity to be associated with 

polymorphisms in the monoamine oxidase A (MAOA) gene in both child and mothers, and 

proposed that this genetic variance is associated with neurophysiological, neuroanatomical, and 

behavioral changes in humans (31).  Specifically, they found a difference between low activity 

and high activity MAOA alleles, such that boys with the low activity 3-repeat allele had more 

severe sensory behaviors, such as arousal regulation problems, aggression, and worse social 

communication skills than boys with the high activity allele; while maternal MAOA genotype 

modified the presence of aggression, fears, and ritualistic behaviors in autistic children (31).  

Overall, only 10-20 percent of autism has been explained by more recent advancements in 

autism genetics (32,33).   

A few environmental factors have also been associated with autism and it is likely that 

some autism cases are caused by multiple genes interacting with one or more environmental 

factors (28)(34).  Prenatal exposure to thalidomide, a drug used in the late 1950’s to help 
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pregnant women with morning sickness, and valproic acid an anticonvulsant medication used in 

the U.S. have been implicated as teratogens also causing autism (35–39).  Also, within a cohort 

of 250 children with congenital rubella, 7% were later diagnosed with autism (40).  A case-

control study using both maternal reports and medical records of illnesses during pregnancy 

reported relative risks of 3.3 for rubella and 4.1 for influenza and subsequent diagnoses of autism 

in the offspring (41).  Maternal infections are likely to alter fetal brain development and some 

authors suggested that influenza and prolonged episodes of fever may increase autism risk (42–

47).  However, some of these factors have played a smaller role during the past decade in the 

United States due to the wide use of vaccinations and efforts to eliminate the use of these drugs 

during pregnancy.  Neuroimmunomodulatory factors may also play a role in the etiology of 

autism, and the viral nature of influenza, rubella, or immune insults in general during pregnancy 

may point to immunotoxicity (48–51).  Neuroinflammation may be a potential mediator between 

autoimmune disorders and autism as one study found that the number of autoimmune disorders 

were greater in families with autism compared to controls – type 1 diabetes, adult rheumatoid 

arthritis, hypothyroidism, and systemic lupus erythematosus (52).  

Epidemiologic investigations support a prenatal or early postnatal origin of autism.  One 

study observed cerebellar abnormalities consistent with abnormalities in cell migration between 

the third and fifth month of gestation (14). Pathological changes in the cerebellum in autism are 

thought to correspond to events prior to the 30–32nd week of gestation.  Another study found a 

higher incidence of prenatal stressors at 21–32 weeks gestation, with a peak at 25–28 weeks to 

be related to the occurrence of autism (53).  The timing of stressors was found to be consistent 

with the embryological age suggested by neuroanatomical findings in the cerebellum of autistic 

individuals.  
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These studies aim to contribute to a body of literature on autism with regard to potential 

environmental risk factors not previously addressed.  Our first aim was to investigate the 

association between traffic related air pollution exposures during pregnancy and autism using: 1) 

ambient criteria air pollutant measurements, and 2) land-use regression (LUR) to model traffic 

related air pollution exposures, using a matched case-control design.   The second and third aim 

was to determine whether the risk of autism and autistic phenotypes, i.e., comorbid mental 

retardation, expressive language, and emotional/behavioral deficits, differ by maternal 

race/ethnicity and nativity.  Using U.S.-born white mothers as reference, the second aim 

examined autism relative risks in Hispanics and black mothers born in or outside of the U.S, and 

the third aim was to examine the association between autism and maternal Asian race/ethnicity in 

women born in the U.S., China, Japan, Korea, Philippines, or Vietnam.  
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Chapter 2: Review of the Literature 

Prenatal Air Pollution Exposure & Autism 

The causes of autism remain unknown, but both genetic and environmental factors are 

likely to contribute to its etiology.  While only 10-20% of autism is attributed to known genetic 

factors, contributions of environmental factors are possible and may be disproportionately 

prevalent in minority populations (1–3).  The National Academy of Sciences suggested that 3% 

of brain developmental disorders may be attributed to a toxic environmental exposure, and 

another 25% may result from an environmental insult occurring in conjunction with a genetic 

predisposition (4).  However, research to identify possible environmental factors that may be 

interacting with genetic predispositions is sparse.  

 Few studies to date have examined the impact of air pollution on brain development in 

general during pregnancy, although epidemiologic studies have associated air pollution exposure 

during the prenatal period to a variety of adverse birth outcomes (5–8). Several research studies 

on air pollution and birth outcomes in Los Angeles reported positive associations between 

average carbon monoxide (CO) concentrations and term low birth weight (LBW) and between 

CO and PM10 concentrations six weeks prior to birth and prematurity (5,6).  Since then, traffic-

related air pollution in Los Angeles has consistently been found to be associated to term low 

birth weight and preterm birth using several sources and methods of measurement, i.e. air toxic 

and criteria air pollutant monitoring data, land use regression (LUR) model, and distance-

weighted traffic density (9–15).   

Exposure to air pollution during pregnancy has also been found to be associated with 

neuropsychological effects later in childhood (16–21).  A small study that employed personal air 

sampling in pregnant women in New York suggested that high prenatal exposures to 
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environmental PAHs (constituents of particulate air pollution) might adversely affect children’s 

cognitive development by the age of 3 (18). Other studies have implicated environmental causes 

of autism in California, through season of conception (22), residential proximity to a freeway 

during pregnancy (23), and geographic clustering of autism cases (24).  

 The human nervous system begins to develop within the first few weeks after conception, 

and the onset of brain histogenesis occurs prenatally providing the cellular structure and 

framework of basic connectivity necessary for establishing and modifying later-developing 

circuitry (25).  Pregnancy represents a sensitive period when toxins may disrupt these processes 

of cell proliferation, organ development, and fetal metabolism (26).  Disrupting basic histogenic 

processes in utero, such as the migration of neurons and axon pathfinding that establish proper 

patterns of basic connectivity, is an obvious junction of interactions between genes and 

environmental factors that may influence the development of autism (27).  Disrupting this 

developmental hierarchy, first at the level of disconnection, targets certain higher-order 

association systems, such as those involved in joint attention (27).  

The biological mechanisms by which air pollution may cause autism are largely 

unknown, although the immune system has been implicated as possibly playing a role (28).  

Children with autism have been found to have pro-inflammatory cytokines higher than in 

typically developing children, and inflammatory responses are known to be cytotoxic (29).  

Consider experimental research conducted with lead, commonly present in ambient air, which 

identified prenatal lead exposure effects on T-cell maturation and macrophage function in rodent 

studies (30).  Here they found differential susceptibility based on gender, such that late 

gestational exposures gave rise to male-specific effects of lead on thymic weight, delayed type 

hypersensitivity, numbers of monocytes, and IL-10 and IL-12 production.  The induction of 
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neuropathology by immunotoxicity prenatally is important to consider in the effect of the 

environment on neurodevelopment.   

Few studies have previously examined associations between air pollution related 

exposures during the prenatal period and later development of autism, and none used ambient air 

monitoring data or land use regression models to estimate risk in a large population (23,31–33).  

In one study, autism was associated with ambient air concentrations of chlorinated solvents and 

heavy metals near birth residences (33).  This study relied on estimated hazardous air pollutant 

concentrations compiled by the U.S. Environmental Protection Agency and suggested that 

mercury, cadmium, nickel, trichloroethylene, and vinyl chloride might be potentially toxic to the 

developing brain.  Another study of autism reported elevated odds ratios for methylene chloride, 

quinoline, and styrene exposures in ambient air but near-null effect estimates for ambient air 

metals and other pollutants (31).  A third and fourth study reported that children born to mothers 

living within 309 meters of a freeway during pregnancy were more likely to be diagnosed with 

autism than children whose mothers lived >1,419 meters from a freeway; and children with 

autism were more likely to live at residences with the highest quartile of exposure to traffic-

related air pollution during gestation (23,32).  These two small studies were the first to suggest 

that traffic-related exposures might increase the risk of autism.    

Childhood Autism Related to Maternal Race/Ethnicity and Nativity 

Early studies on race/ethnicity and autism in the United States (U.S.) were almost 

nonexistent since mass immigration of different ethnic groups occurred for this generation only 

in the latter part of the 20
th

 century.  Country-specific studies in addition to reporting low 

incidences of autism, some could not identify a single case in many Latin American countries, 

mainland China, and Japan.  However, 14 children in Hong Kong and 9 children in Africa were 
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found autistic (34–36).  In Europe in the 1960’s and 70’s, prevalence of autistic disorder (AD) 

was estimated at 4.1-4.8 per 10,000 2-14 year old children (35).  In the 1970’s U.S., 0.7 per 

10,000 was the estimated prevalence of AD in 3-12 year olds.  Yet nothing was written about 

autism, or clinicians had never seen a truly autistic child in Hispanic, blacks, or Puerto Ricans 

(37).   

The U.S. race/ethnicity make-up diversified after the signage of the immigration bill by 

president Lyndon B. Johnson (38).  Early immigrants were mostly highly-skilled workers and 

their families from Europe (mostly Germany and Italy) and Canada, and some from the 

Philippines (39,40).  Unlike most of the foreign-born from Asia, those from Vietnam came to the 

U.S. as refugees between 1975 and 1985 during and after the Vietnam war (41), and only one-

third arrived during the 1990s (42).  Similarly, mass emigration from Central America increased 

beginning in the late 1970s through the early 1980s in response to the repression and violence 

associated with the onset of civil war (43,44).  Starting in 1980, the largest foreign-born group in 

the U.S. was Mexicans, and this group continues to grow in size (40).  Following, Chinese 

migrated between the early 1980’s to the early 1990’s after communist China opened its 

economy and travel to the outside world (45).  After political, economic, and demographic 

transitions, new Japanese and Korean immigrants followed (46).  African immigrants in the U.S. 

grew 40-fold since 1960 though most of the growth took place in the 1990’s of highly educated 

people mostly from Nigeria, Egypt, and Ethiopia, and refugees from Somalia, Sudan, and Liberia 

(47).  

Current information about autism incidence and prevalence in developing countries like 

Vietnam, the Philippines, and Africa is very limited which makes it difficult to determine 

whether autism risk is a migratory phenomenon (48).  In Mexico, estimates of autism prevalence 
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also do not exist (49).  The only information on AD for South East Asian countries was in 

Indonesia in 1992 where the estimated prevalence was 11.7 per 10,000 4-7 year olds (35).  More 

recently, however, autism is reportedly on the rise in Vietnam, probably explained by previous 

under identification of children (50).  The prevalence of AD in Asian countries was lowest in 

China with 10.9 per 10,000 2-6 year olds (2005), followed by 37.5 per 10,000 5-year olds in 

Japan (2005), and 94 per 10,000 7-12 year old children in South Korea in 2011 (35).  

In 2008, the U.S. Autism and Developmental Disabilities Monitoring Network (ADDM) 

reported that ASD prevalence in eight year-olds varied by race/ethnicity, such that non-Hispanic 

white children had significantly greater prevalence (12.0 per 1,000) than non-Hispanic black 

children (10.2 per 1,000) and Hispanic children (7.9 per 1,000) (51,52).  Another study using a 

sample from the National Survey of Children's Health suggested that the rate of ASD between 

non-Hispanic white children and Hispanic children may not be different after all, such that after 

taking parental nativity into account, U.S.-born Hispanic parents may have similar risks (53).   

Studies of autism that consider parental race/ethnicity and nativity are limited in the 

United States.  However, autism has previously been associated with maternal immigration status 

in Europe (54–56).  Immigrant black and Asian mothers in the UK and Sweden have been 

reported to be at increased risk of having a child with autism with comorbid intellectual 

disability (57–59).  In the UK, immigrant mothers were generally from Africa, Asia, or the 

Caribbean; and in Sweden, women were specifically from Sub-Saharan Africa, Northern Africa, 

Southern Asia, or Latin America (mostly Chile)/Caribbean (54,59).  Unlike these European 

studies, a California study did not find associations between immigration and autism, due to the 

possible lower risks among offspring of foreign-born Mexican women, who make up the 

majority of the foreign-born in California (4.3 million)(60).  
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With the rise in autism emerged a concern with differential diagnosis of children (a 

difference in diagnosis rates between children of color or lower socioeconomic status (SES) 

compared to white or affluent populations), possibly due to disparities in parental education and 

access to resources.  Autism with a comorbid diagnosis of mental retardation and severely 

impaired language abilities has been found to be associated with lower SES, black, and Hispanic 

race/ethnicity possibly indicating an ascertainment or a diagnostic bias of identifying more 

severe cases in these populations (61–63).  Lack of familiarity with institutions and how to 

navigate them could also be more of a barrier for immigrant families, such that cultural 

differences can affect the referral, diagnosis, or treatment of autism in these populations (64–67).  

 To our knowledge, this is the first U.S. study addressing autism risk with respect to 

maternal nativity and race/ethnicity.  L.A. County has a unique composition of racial/ethnic and 

foreign-born populations, and our large dataset allowed us to assess autism risk variations in 

offspring of mothers who migrated from different world regions and were of different 

racial/ethnic origins.  By identifying differences, we highlight the importance of investigating 

autism risks and phenotypes in diverse populations and with respect to maternal nativity. 
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Chapter 3: Study Design & Methods 

Study Design and Population 

This is a population-based study focused on children born in Los Angeles (1995 to 2006) 

to mothers who resided in Los Angeles County during pregnancy.  We selected cases from 

existing data of children diagnosed with Autistic Disorder (AD) between the ages 3 to 5 years 

(36 to 71 months) at a Los Angeles regional center during 1998 – 2009, readily available from 

the California Department of Developmental Services (DDS)(Figure 3-1 demonstrates catchment 

period).   

Case Ascertainment and Definition   

Regional Center System 

Children with autism are identified through regional center (RC) staff, contracted by the 

California Department of Developmental Services (DDS), who determine eligibility and 

coordinate services in their respective service areas - there are seven regional centers in Los 

Angeles County (Figure 3-2).  To be a consumer of the regional center, an eligible diagnosis of 

mental retardation, autism, cerebral palsy, epilepsy, or another developmental delay is required.  

During our study period, eligibility in the DDS system did not depend on citizenship or financial 

status and it was available to everyone irrespective of socioeconomic status or racial/ethnic 

identification.  Referrals to the regional centers are usually from pediatricians, other clinical 

providers, and schools, but parents may also refer themselves and their children.  Table 3-1 gives 

an example of the overall consumer capacity of the regional centers in Los Angeles, with North 

Los Angeles being the largest (1).  

Diagnosis 
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The diagnosis of AD has changed with the revisions of the Diagnostic and Statistical 

Manual of Mental Disorders (DSM).  Since 1994 (DSM-IV) and during our study period, a 

diagnosis was made when there was evidence of abnormal social interactions and 

communication or when stereotyped patterns of behavior exist.  At least 6 of a list of 12 

symptoms must be present for an individual to qualify for a diagnosis of AD, with at least two 

symptoms from the social interaction category and one each from the communication and 

stereotyped patterns of behavior areas (see Appendix A).   

There is no uniform method of evaluating a possible case of AD or of an Autism 

Spectrum Disorder (ASD).  Although California continues to work to improve consistency in 

diagnosis and reporting, there currently is no mechanism in place that rigorously evaluates inter-

rater reliability or diagnostic consistency across regional centers (2).  DDS has however 

partnered with the University of California Medical Schools to provide training to community 

practitioners, and regular meetings are held at which regional center specialty groups of 

psychologists, physicians, and clinical directors discuss diagnostic criteria.  

In 2002, DDS, in collaboration with regional centers and numerous experts in the field, 

published, Autism Spectrum Disorders: Best Practice Guidelines for Screening, Diagnosis and 

Assessment for the purpose of establishing best practices for the diagnosis of autism (3).  

Accordingly, a comprehensive diagnostic evaluation for ASD should encompass a thorough 

assessment of multiple domains, including six specific components: 

1. Review of relevant background information  

2. Parent/Caregiver interview  

3. Comprehensive medical evaluation  

4. Direct Observation 
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5. Cognitive Assessment  

6. Measures of Adaptive Functioning 

Client Development Evaluation Report (CDER) - Case Definition 

The Client Development Evaluation Report (CDER) is the instrument that the 

Department of Developmental Service (DDS) utilizes to collect data on client diagnostic 

characteristics, and to measure and evaluate the functioning levels of persons with 

developmental disabilities on an ongoing basis (4).  The CDER is not a diagnostic instrument but 

is used to document eligibility and diagnosis results from professional evaluators that reference 

the Diagnostic and Statistical Manual of Mental Disorders (DSM). 

Prior to 2008, the earlier CDER instrument dated from March 1986 recorded autism as 

one of three different codes:  Code 1, Code 2 or Code 9.  Code 1 corresponded to the DSM IV-R 

(APA, 1994) classification of Autistic Disorder (DSM IV-R code 299.00). Code 2 corresponded 

to the earlier DSM III (APA, 1980) – “autism, residual.”  Code 9 was used in cases when a 

diagnosis of autism is “suspected” but not yet formally determined, e.g., for very young children 

whose diagnostic status has not yet been clarified .  Most of the cases in our analysis were 

diagnosed with this earlier CDER instrument, dated from March 1986 – i.e. children diagnosed 

between the years 1998 – 2008 with Autistic Disorder (see Appendix B for CDER DS 3753 

(3/86)).   

The CDER was revised in January 2008, but the diagnosis of AD (Code 1) did not 

change from one CDER to another (see Appendix C for a summary of the diagnostic changes).  

Autism is now recognized for services as either having AD (Code 1) or not (DSM-IV-R), and a 

new item was included to indicate whether the client instead has another pervasive 

developmental disorder such as Asperger Disorder (Code 3), or Pervasive Developmental 
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Disorder – Not Otherwise Specified (PDD- NOS) (Code 4).  Diagnosis is coded using the 

International Classification of Diseases, 9
th

 Revision, Clinical Modification (ICD-9-CM), Sixth 

Edition, issued for use beginning October 1, 2008 for the federal fiscal year 2009 and on.  These 

changes only impacted children diagnosed in 2009, but only for children who would have 

otherwise been given a code 2 or 9 in the 1986 CDER, which were not included in our case 

definition of AD, Code 1. 

For purposes of this study we only include cases with Autistic Disorder (Code 1) and 

exclude others under “autism, residual” (Code 2), “autism, suspected” (Code 9), Asperger 

Disorder (Code 3), and PDD-NOS (Code 4).  An individual diagnosed as having a Pervasive 

Developmental Disorder, Not Otherwise Specified (PDD-NOS) is recognized to have some 

behaviors seen in autism but does not meet the full DSM-IV TR criteria for having Autistic 

Disorder.  Although information about PDD-NOS can be found in the updated CDER, it is not a 

categorically eligible condition for services - this non-eligibility criterion also applies to the 

diagnosis of Asperger Disorder.   

CDER Reliability 

In 1982, the California Department of Developmental Services, in conjunction with the 

Association of Regional Center Agencies and the Neuropsychiatric Institute at the University of 

California, Los Angeles, conducted a study of the interrater reliability of the CDER.  Based on a 

sample of 360 active clients statewide of all ages and levels of disability, independent ratings of 

clients' levels of functioning from two interviewers deemed appropriate were collected.  Based 

on these ratings of the same client, the interrater reliability ranged between 0.8 and 0.9 for almost 

all sixty-six CDER evaluation items indicating that that the CDER is a highly reliable client 

assessment instrument (4). 
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CDER Validity 

The validity of the CDER was tested by the Department in 1983 in cooperation with the 

Mental Retardation Research Center at Lanterman State Hospital and the Neuropsychiatric 

Institute at UCLA.  The study evaluated the validity of the CDER by comparing it with two 

nationally recognized instruments -- the Corman-Escalona Object Permanence test and the 

Behavior Development Survey (BDS).  The study yielded positive correlations ranging from 0.5 

to 0.9 between CDER and BDS indicating that the CDER is a valid measure of cognition, 

adaptive, and maladaptive behaviors (4).  

CDER Considerations 

The DDS counts of persons with autism likely underestimate the actual California 

population with autism since it has been estimated that 75 to 80 percent of the total population of 

persons in California with autism are enrolled in the developmental service system (5). 

DDS does not collect CDER information for children ages 0-2, thus we are only 

including children with autism 36 months of age and older.  

Diagnostic Stability 

 The CDER was developed in response to the Lanterman Developmental Disabilities 

Services Act of 1977, and it must be completed at least annually for each client.  Thus, we used 

the latest diagnosis available because it is considered the most reliable.  Although many trained 

professionals are able to make a definitive diagnosis at a younger age, the stability of a diagnosis 

within the spectrum may fluctuate; as is often the case with children at the extreme ends of the 

spectrum.  However, the diagnostic stability of autism, in general, is great i.e. once clinicians 

assign this classification they rarely change it (2).  For instance, in a longitudinal study Lord et al 

reported a diagnostic consistency of 90 percent for ASD between ages 2 and 9 years (6). 
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Diagnostic Validity 

Autism is a spectrum disorder that presents itself with a phenotype of varying symptoms 

and differs in degree of severity among those diagnosed. The non-uniform nature of this disorder 

poses a challenge to diagnostic validity of epidemiologic research especially when based on 

routine record systems that record disease.  As mentioned before, there is no mechanism in place 

that consistently evaluates inter-rater reliability or diagnostic consistency across regional centers 

(2).  Thus, there will be possible variations in the diagnosis and recording between regional 

centers.   

Linkage 

 We linked the State of California Department of Developmental Services autism records 

for Los Angeles County (1998-2009 and birthday 1995-2006) (n=10,821) to their respective 

birth records (1995 to 2006) employing the National Program of Cancer Registries (NPCR) 

Registry Plus
TM

 Link Plus Software (7).  Based on child’s first and last name, birthdate, and 

gender; mother’s first and last name, birthdate; as well as father’s last name and birthdate, we 

used probabilistic matching to estimate the probability/likelihood that two records are or are not 

for the same person.  Probabilistic matching assigns a total score for a linkage between any two 

records as the sum of the scores generated from matching individual fields.  The score assigned 

to a match of individual fields is based on the probability that a matching variable agrees given 

that a comparison pair is a match - similar to "sensitivity”; minus the probability that a matching 

variable agrees given that a comparison pair is not a match -  similar to "specificity."   

 Of 22,806 linked records, only the highest scoring ones (score > 25) were manually 

reviewed (n=9,120).  The remaining 13,443 lower scoring linked records were reviewed using 

SAS 9.2 on the condition that the child’s first name, last name, and birthday matched exactly.  Of 
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all linkages between records, 8,492 links were accepted as correct.  We also identified some 

record linkages for births registered outside of Los Angeles county for mothers who had resided 

in L.A. during their pregnancy, n = 108.  The final sample included 8,600 correctly linked 

records, thus we had 79.5% success in linking ASD cases identified in LA County by DDS to 

their respective birth records.  Of the 2,221 DDS records not linked to birth records, 35% were 

not born in LA County, 46% were missing birthplace information; only 19% recorded the child 

born in LA County.  The most common reason for non-linkage was missing/incomplete linkage 

information on the birth or DDS record.  

Additional Inclusion Criteria: 

Ambient Air Pollution and Autism in Los Angeles County, California:  From among 

linked cases, we further excluded children whose mother’s residency was outside of LA County 

during her pregnancy (n=41), records with missing or implausible gestational ages (<21 or >46 

weeks) or birth weights (<500g or >6800g) (n=508), and cases who did not have a primary 

diagnosis of Autistic Disorder (n=448), leaving a final sample of 7,603 children with autism 

successfully linked to a birth certificate who met all inclusion criteria. Further, residential 

locations at delivery reported on birth certificates were mapped using a custom geocoder and 

further exclusions were necessary if residential addresses were not geocodable, 9 cases (8). 

Childhood Autism Related to Maternal Race/Ethnicity and Nativity: 1. Of the 8,600 

subjects, 6,485 were eligible for inclusion because they had a primary diagnosis of AD, a 

plausible gestational age (21-46 weeks inclusive) and birth weight (500-6800g inclusive), 

available maternal place of birth recorded on the birth certificate, and a mother of non-Hispanic 

white, Hispanic, or black race/ethnicity. 2. Of the same 8,600 DDS records to birth records, 

2,532 had a primary diagnosis of AD, a plausible gestational age (21-46 weeks inclusive) and 
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birth weight (500-6800g inclusive), and documented maternal place of birth and were of non-

Hispanic white or Asian race/ethnicity.   

Autism Phenotypes:  

Childhood Autism Related to Maternal Race/Ethnicity and Nativity:  We further 

identified a subgroup of children with AD and a secondary diagnosis of mental retardation (AD-

MR) (ICD-9-CM code: 317-mild, 318.0-moderate, 318.1-severe, 318.2-profound, 319-MR 

unspecified) on the CDER.  To appropriately investigate language and behavior heterogeneity, 

we restricted assessments to 5-year olds.  We identified from DDS evaluation records two 

subgroups with either “impaired” or “less impaired” expressive language (AD-impaired 

expressive language: the child does not use words, says simple words, or says two-word 

sentences; AD-less impaired expressive language: the child uses sentences of 3 words or more or 

at least can engage in basic conversation); and two subgroups with “severe” or “less severe” 

emotional outburst behavior (AD-severe outbursts: the child has daily or weekly tantrums 

requiring restraint; AD-less severe outburst: child has no tantrums, weekly, or less than weekly 

tantrums without needing restraint).   

Control Selection  

 Two different control selection procedures were completed for the three different studies.  

In the autism and air pollution study we used a matched case-control design. In the second and 

third studies, we used all births in LA County 1995-2006 to estimate risks of autism by maternal 

race/ethnicity and nativity. 

Matched Case-Control: 

We selected 10 controls for each case from our source population.  Using birth 

certificates, each control was randomly selected without replacement and matched on birth year 
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and sex.  In addition, each control’s gestational age at birth had to be equal to or greater than the 

gestational age at birth of their matched case to ensure prenatal exposures could be estimated for 

comparable lengths of time.  Children were eligible as controls if they had no documentation of 

autism, i.e. did not have a DDS record in LA County by 2009, had a plausible gestational age 

(21-46 weeks inclusive) and birth weight (500-6800g inclusive), and the mother resided in LA 

County at the time of birth.   

Matching by birth year balanced the large increase in autism rates during the case 

ascertainment period, 1998 to 2009.  The matched control set included 76,030 children born 

during 1995-2006.  From among these, we further excluded 248 control children who died prior 

to 5 years of age (71 months) based on California death records, leaving 75,782 controls.  

Residential locations at delivery reported on birth certificates were mapped using a 

custom geocoder and further exclusions were necessary if residential addresses were not 

geocodable, 147 controls (8).  

Case-Cohort Design: 

We selected from the entire cohort of children born between 1995-2006 to mothers who 

resided in LA County, California at the time of giving birth.  Children were eligible for inclusion 

if they had a plausible gestational age (21-46 weeks inclusive) and birth weight (500-6800g 

inclusive), and if maternal race/ethnicity and nativity information was available on the birth 

certificate.   

For the second analysis focusing on non-Hispanic white, Hispanic, and non-Hispanic 

black mothers, we excluded all other or unknown racial/ethnic groups and mothers with 

unknown place of birth; a total of 175,352 exclusions (94.6% Asian, 3.3% unknown 
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race/ethnicity, 1.5% Native American, 0.3% Hispanic, 0.2% white, 0.1% black, and .01% 

Eskimo/Aleut).  The final cohort consisted of 1,461,610 births.  

For the final analysis focusing on non-Hispanic white and Asian mothers, we excluded 

foreign-born white mothers, records with unknown place of birth or unknown/other 

race/ethnicity. There were a total of 1,235,871 exclusions (83.2% Hispanic, 10.8% black, 5.1% 

foreign born? white, 0.9% unknown/other race/ethnicity). The final cohort thus consisted of 

401,091 children of non-Hispanic U.S.-born white and Asian mothers.  

Autism Phenotype Control Selection:  The selection of 5-year olds in the autism 

phenotype analysis for language and behavior subtypes required that we choose an appropriate 

control group.  The source population for these 5-year olds was children in our cohort who had 

an equal opportunity to be 5-year olds with autism before and during 2009.  This applied to most 

children except those born in 2005 and 2006 who could have only reached 3 or 4 years during 

our case ascertainment period.  Thus, the cohort of children selected for these subanalyses were 

born between 1995 and 2004.   

Human Subjects Research 

In order to perform data linkages and geocoding of home locations, we needed to access 

personal identities and addresses stored in computerized databases through state birth records 

and DDS.   

This research was approved by the University of California Los Angeles Office of   

Human Research Protection Program and the California Committee for the Protection of  

Subjects, and was exempted from informed consent requirements.  

Exposure Assessment  

Ambient Air Pollution and Autism in Los Angeles County, California:   
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Births and their corresponding pregnancy addresses were identified using electronic birth 

certificate data from the State of California and geocoded using geographic information systems 

(GIS).  Two distinct exposure assessment methods were used.   

Exposure Assessment: CARB monitoring stations  

 The California Air Resources Board (CARB) has maintained a network of air monitoring 

stations in California that measure criteria air pollutants, including 16 LA County sites (Figure 3-

3) . Criteria pollutants measured for this study were carbon monoxide (CO), nitric oxide (NO), 

nitrogen dioxide (NO2), ozone (O3), particulate matter concentrations with an aerodynamic 

diameter <10 µm (PM10), and <2.5 µm (PM2.5).  CARB has monitored the gaseous criteria 

pollutants CO, NO2 and O3 since its inception in 1968, PM10 since 1986, and PM2.5 since 1999 

(9,10).  

 Exposure estimates were created for several key pregnancy periods, including the 1
st
, 2

nd
, 

3
rd

 trimester, and the entire pregnancy period.  Averages were created for hourly CO (6-9am), 

NO, NO2, and O3 (10am – 6pm), as well as 24-hour average PM10 (every 6 days) and PM2.5 

(every 3 days) using data from the closest air monitoring station to residential addresses at the 

time of birth.  We first created daily 24-hour averages then averaged these daily averages over the 

pregnancy period of interest.  Exclusion criteria when estimating pregnancy period specific 

monitor-based air pollution exposure metrics were used (see supplemental table 4-2).  To prepare 

for analysis, the entire pregnancy inter-quartile exposure range for each pollutant was used to 

scale pregnancy-period air pollution averages to make them comparable across periods.  Because 

PM2.5 only began to be monitored in 1999, estimates for births before this year (1995-1998) were 

not computed.  

Exposure Assessment:  Land Use Regression (LUR) model 



 40 

Almost all existing studies of air pollution during pregnancy used ambient air monitoring 

data to assess exposure, a method that is limited by its inability to capture fine spatial variations 

in primary exhaust pollutants.  Measurement data indicated that concentrations of certain motor 

vehicle exhaust components such as CO, NOx and ultrafine particles (UFP) (i.e., UFP emitted 

directly in vehicle exhaust and not formed through atmospheric reactions) and adsorbed species 

such as polycyclic aromatic hydrocarbons (PAHs) are most elevated near their roadway sources 

and exhibit considerable spatial variability over short distances.  Thus, air-monitoring data may 

not well reflect this variability.  Since personal measurements of UFP, PAHs, elemental or 

organic carbon (EC/OC), and other traffic exhaust pollutants are too costly and logistically 

difficult to obtain for large population-based epidemiologic studies, especially over time periods 

longer than 48 hours needed for pregnancy studies, a number of surrogate exposure measures 

have previously been employed but have not been validated with residential or personal air 

pollution measurements. (e.g., residential distance to roadways, traffic counts on roadways near 

homes, self-reported traffic density on street of residence).  

A novel approach for assessing exposure to traffic exhaust pollutants, land use-based 

regression (LUR) modeling, has been applied in Europe (11–16), Canada (17,18), San Diego, 

California (19), and in LA County, California (20).  This approach incorporated outdoor 

pollution measurements taken at many locations throughout an urban area, in addition to 

Geographic Information System (GIS) predictors of traffic exhaust concentrations (such as 

traffic counts, truck routes, and roadways).  The results of LUR modeling were air pollution 

surfaces (i.e. maps) for the geographic region, from which estimates of longer-term air pollution 

exposure is extracted for individuals, typically based on their GIS-mapped address locations. 

These models have been shown to have good predictive capability.  For example, in a recent 
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model developed in San Diego, California, 79% of the variation in NO2 levels measured at 39 

locations was predicted by various GIS traffic parameters (19).  Our model in LA County based 

on over 200 measurement locations in two seasons and explained 81%, 86% and 85% of the 

variance in measured NO, NO2 and NOx concentrations, respectively (21).   

LUR-modeled estimates of NO, NO2, and NOx were extracted from the LA County LUR 

model developed previously, based on physical measurements from 2006-2007, in locations 

across LA County (21).  This model allowed us to evaluate the importance of spatial variability 

in exhaust toxin concentrations of NOx, NO, and NO2 not captured by existing fixed site 

monitoring stations. LUR estimates of air pollution represent long-term exposures and most 

closely approximate annual average concentrations.   

In addition to using LUR annual average (“unseasonalized”) estimates, we also created 

“seasonalized” LUR estimates using measurement data from the government monitoring station 

closest to and linked to each woman’s home location during pregnancy.  Specifically, the LUR 

estimates were adjusted (multiplied) to generate pregnancy-month specific LUR values as 

follows (using NOx as an example): 

First month seasonalized NOx average = LUR NOx * (first month average NOx/2006 

annual average NOx) 

The “seasonalized” pregnancy month LUR estimates were then averaged over each pregnancy 

period.  

Childhood Autism Related to Maternal Race/Ethnicity and Nativity:   

1) We examined maternal race/ethnicity and nativity based on mother’s reported 

Hispanic origin (yes/no) and race information provided on the birth certificate to create three 

groups: non-Hispanic white, Hispanic, and non-Hispanic black, by maternal nativity (U.S.-born 
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or foreign-born).  Mother’s country of origin information on California birth certificates was 

only specified for some foreign-born Hispanic groups but not for foreign-born blacks.  We 

separately examined the two subgroups that represented the largest foreign-born groups in the 

12-year study period with origin or country of birth documented: Central/South America and 

Mexico.  For this analysis, we excluded 175,352 children with other or unknown racial/ethnic 

group (99.4% of exclusions) and mothers with unknown nativity (0.6%).  The final cohort here 

consisted of 1,461,610 births.  

2) For the final analysis we identified U.S.-born whites, U.S-born or foreign-born Asians.  

Separate investigation of specific U.S.-born Asian subgroups was not possible because of small 

numbers.  However, we identified five subgroups of foreign-born Asian mothers who 

represented the largest immigrant groups in the 12-year period for whom nativity was available 

on the birth certificate: China, Japan, Korea, Philippines, and Vietnam.  For this analysis, we 

excluded 1,235,871 children with other or unknown race/ethnicity. The final cohort consisted of 

children of 236,347 U.S.-born white, 21,678 U.S.-born Asian, and 143,066 foreign-born Asian 

mothers.   

Analysis 

For the matched case-control study of autism and air pollution, individual pollutants were 

examined separately for each different pregnancy period.  We examined associations using 

standard methods of analysis developed for case-control studies and employed stratified analyses 

and conditional logistic regression models (for matched data) to obtain point and interval 

estimates of odds ratios, representing valid estimates of rate ratios, given that we are using a 

population-based case and control ascertainment strategy and given that the disease is rare.  We 

additionally analyzed the criteria air pollutants and LUR estimates using two-pollutant models, 
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excluding pairs of pollutants that covary strongly within the pregnancy period.  We calculate 

estimates that are unadjusted and adjusted for at least the following possible confounders 

available on birth certificates: maternal age, race/ethnicity, education, parity, payment source of 

delivery (a proxy for socioeconomic status), and other demographic and pregnancy 

characteristics.  Confounders were selected based on a priori hypotheses and using a directed 

acyclic graph (DAG) (see Figure 3-4). We conducted other stratified analyses to explore 

differences in effect estimates across maternal education groups.   

For the case-cohort analyses of maternal race/ethnicity and nativity in relation to autism, 

we estimated risk of autism in offspring in subgroups according to maternal race/ethnicity and 

nativity.  Using unconditional logistic regression and U.S.-born white mothers as the reference 

group, we estimated crude and adjusted relative risks (RRs) and 95% confidence intervals for the 

following outcomes: AD, AD with a comorbid diagnosis of mental retardation, and two 

categories of impairment/severity in expressive language or emotional outburst behavior, in 

Hispanic, black, and Asian populations. Confounders were selected based on a priori hypotheses 

and using a directed acyclic graph (DAG) (Figure 3-5).     

Methodological Issues 

Possible Selection Bias:  

Survival bias:  Both our case and control selection procedures may be susceptible to 

survival bias.  Survival bias occurs when exposure affects case and control selection differently.  

The exposures of interest (traffic-related air pollution, maternal race/ethnicity and nativity) or 

correlated perinatal conditions may cause fetal or infant mortality and this would lead to 

selection bias if potential autism cases were more likely to have died than control children.  If 

exposed cases had a higher mortality rate early in life compared to exposed controls, then our 



 44 

analysis would be biased toward the null.  Although exposure to traffic-related air pollution and 

infant death has been implicated (22), with stronger effects among infants with suboptimal 

perinatal conditions, we are unsure if this affected our case and control survival differently.  

Similarly, in our analysis of maternal race/ethnicity and nativity, it is known that infants of black 

mothers have a higher mortality rate than other race/ethnicity groups (23), so if cases born to 

black mothers had a higher mortality rate compared to black controls, then our analysis would 

also be biased toward the null.   

Further, we do not know whether cases, compared to controls, were similarly or more 

likely to have moved outside the Los Angeles area prior to the age of 3 years, when they would 

have been referred to a regional center in our catchment area if symptoms of autism occurred.  If 

mothers of cases and controls had survival rates and moving patterns non-differentially with 

regard to exposure during pregnancy, our analyses would not be biased.  Although it is plausible 

to assume that traffic-related air pollution and suboptimal perinatal conditions related to 

race/ethnicity and nativity may cause infant death or that it affects moving patterns after birth, 

we can only cautiously assume that this occurred non-differentially between cases and controls.       

Much like survival bias, selection bias can also arise through differential 

detection/diagnosis of autism.  If psychologists had reason to believe that exposure to traffic-

related air pollution affects autism or a variable highly correlated with prenatal air pollution such 

as socioeconomic status, then this affects the probability of identifying an autism case and this 

study would be subject to detection bias.  It is likely that diagnosis rates are higher among high 

socioeconomic groups versus lower SES groups such as people of color or certain foreign-born 

populations.  However, high SES populations might have lower exposures to traffic-related air 

pollution, which would bias our results towards the null.  
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Challenges to modeling air pollution exposures in pregnancy  

There are challenges in estimating air pollution exposure in population-based studies, 

especially when medium- or longer-term exposures are of interest, as is in the case of pregnancy.  

Here, we discuss some of the main challenges related to exposure modeling. 

Temporal and spatial variation 

Air pollution varies both spatially and temporally.  Spatial variation is dependent on the 

location of sources of air pollution (e.g. freeways, industrial sources), the specific pollutant (e.g. 

NO2 vs O3), as well as wind direction, and geographical features (e.g. valleys).  Temporal 

variation is due to a variety of meteorological factors, including temperature, sunlight, humidity, 

and wind speed and direction.  In Los Angeles, the predominant temporal patterns are high levels 

of ozone in the summer months, when sunlight causes NO2 to react with oxygen in the air and 

form ozone; whereas in the winter months, there are higher levels of NOx because of the lack of 

sunlight to break down these gases.  

 Networks of government air monitoring stations provide detailed data on temporal 

variation of air pollutants, but have somewhat limited spatial coverage.  There are only 16 

California Air Resources Board (CARB) air-monitoring stations for the whole Los Angeles 

County metropolitan areas, and exposures based on monitoring station data are unlikely to reflect 

more local exposures for people living further away from a station.  

 A method that helps characterize finer spatial variations in air pollution, regardless of 

distance from a monitoring station, is land use-based regression (LUR) modeling.  In this 

modeling approach, outdoor pollution measurements taken at locations throughout an urban area 

are related to Geographic Information System (GIS) predictors of air pollution sources such as 

traffic exhaust concentrations, e.g. using traffic density, roadways, and population density (18).  
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Such a regression model can be used to predict local exposures from specific sources near 

residential locations.  

Pollution exposure mix, multiple pollutants and correlated data 

In Los Angeles County, traffic is a major source of air pollution. Because air pollution is 

a mixture of gases, particles, and air toxics, which are often correlated due to common sources, it 

is difficult to identify any one causal agent within the mix of pollutants. Multipollutant models 

can be used to disentangle effects of different air pollutants and it is recommended they be used 

in epidemiologic studies of air pollution (24).  

Critical time windows during pregnancy 

 We examined several possible critical time windows to assess the possible impact of 

prenatal air pollution exposures on autism development, assuming that the neurological impact 

resulting in autism is initiated during pregnancy.  In this reproductive developmental study we 

are dealing with short critical time windows of exposure susceptibility.  But because the critical 

time window of exposure is unknown, using too broad a time window, especially if the exposure 

highly varies during this time period, can lead to misclassification of exposure, i.e. for those 

exposed in one and not other trimesters, considerable exposure misclassification can occur if we 

would assume that exposures are homogenous throughout pregnancy.  Assessing exposures 

during a variety of time windows including the entire pregnancy period and each trimester will 

provide a comprehensive look at the potential effects of air pollution exposures during pregnancy 

and autism.  

Maternal race/ethnicity and nativity  

Latinos and Asian Americans make up a large proportion of the U.S. population. There 

are considerable differences among the health of U.S. racial and ethnic groups, with African 
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Americans having the worst health profile, and Asian Americans having the fewest health 

problems (25).  Research on race/ethnicity and health is controversial as many argue that it is an 

invalid biological concept and thus should not be used as a scientific concept (25).  Nevertheless, 

it has become clear that race/ethnicity has become a profoundly important determinant of health 

status and health care equity in the U.S.  

 Methodological issues arise when we try to describe what race/ethnicity represents or the 

causes of autism differences.  So we emphasize that the purpose of our use of race/ethnicity is 

only to describe variation in autism risk.  In turn, we hypothesize that differences were likely 

correlated to distinctions in other factors, such as nutrition, stress, or environmental exposures.  

Further, because racial differentials are associated with differences in education level, income, 

etc., an issue arose when we tried to adjust by these variables.  Race/ethnicity could not be 

confounded by these social variables because they are mediators and race is an antecedent to 

these factors (26).  So we report results before and after adjustment by socioeconomic (SES) 

variables, i.e. education level and source of health insurance payment, in order to demonstrate 

the impact of adjustment on SES.   

Power & Sample Size 

For our matched case-control design, we expected to have 80% statistical power (alpha of 

0.05) to estimate a 20% or greater increase in risk with 8,000 cases and 10 controls each, at an 

exposure prevalence of 25% in population controls and the correlation coefficient for exposure 

between matched cases and controls is 0.9.  To reach 90% statistical power, if the true odds ratio 

for disease in exposed subjects relative to unexposed subjects is 1.25, we needed to study 7,128 

cases with 10 matched controls per case to be able to reject the null hypothesis that this odds 

ratio equals 1; at type I error probability of 0.05 when testing of the null hypothesis. 
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Role in the project   

My interest in autism generated collaboration with my dissertation chair, Beate Ritz, to 

investigate a possible association between autism and traffic-related air pollution.  Under her 

supervision, my role was to generate a proposal for IRB, pilot grant, and to request data from the 

California Department of Developmental Services.  I managed the case dataset, and linked 

autism cases to birth certificate records in Los Angeles County by using an existing dataset my 

chair possessed.  Geocoding of home addresses and assessment of air pollution using the Land 

Use Regression (LUR) model was completed previously.  My chair suggested the design of the 

first study on air pollution and I completed the data analysis with her guidance.  I designed and 

analyzed the second and third study on maternal race/ethnicity and nativity with increased 

independence, with critical revisions from Ondine von Ehrenstein and Beate Ritz.    
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Table 3-1. The seven Los Angeles County 

Regional Centers: Monthly caseload report for 

all consumers through December 2009 

Regional Center Active status clients 

Eastern LA 7,650 

Harbor 8,525 

Lanterman 6,439 

North LA 14,071 

South-Central 8,844 

Westside 6,110 

San Gabriel/Pomona 9,454 

All consumers: eligible diagnosis of mental 

retardation, autism, cerebral palsy, epilepsy, 

other developmental delays 
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Birth year (Jan. 1995 – Dec. 2006) 

Autism diagnosis year (Jan. 1998 – Dec. 2009)  

! """"""! """"""! """"""! """"""! """"""! """"""! """"""! """"""! """"""! """"""! """"""! """"""! """"""! """"""! """"""!#
#####$%%&######$%%' ######$%%( ######$%%) #######$%%%######*+++######*++$#######*++*######*++, ######*++- #######*++&######*++' #######*++( ######*++) ######*++% ##

Birth cohorts 1995 – 2004: equal opportunity to be captured with a stable diagnosis of Autism 

(i.e. anytime between 36 and 71 months of age) 

Study catchment periods 

 

 

Figure 3-1.  Study catchment periods 
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Figure 3-2. Map of the seven regional centers in Los Angeles County. 
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Figure 3-3 . Map of California Air Resources Board monitoring stations in Los Angeles County 
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Figure 3-4. Proposed directed acyclic graph for investigating air pollution exposure and 

autism, displaying key associations of interest and potential confounders. Parental age and 

parity also considered potential confounders not shown here.    
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Figure 3-5. Proposed directed acyclic graph for investigating maternal race/ethnicity/nativity 

and autism, displaying key associations of interest and potential confounders and mediators.  
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Chapter 4: Ambient Air Pollution and Autism Risk in Los Angeles County, California 

Introduction 

 Autistic Disorder is a serious developmental condition characterized by impairments in 

social interaction, abnormalities in verbal and nonverbal communication, and restricted 

stereotyped behaviors thought to be due to insults to the developing fetal and/or infant brain 

(American Psychiatric Association 2000; Geschwind and Levitt 2007).  The prevalence of 

autism has risen for the past 20 years, partly due to changes in case definition and improved case 

recognition.  Hertz-Picciotto and Delwiche (2009) suggested the observed rise in incidence in 

California between 1990-2001 may partially but not fully be explained by younger age at 

diagnosis (12% increase) and inclusion of milder cases (56% increase).  While evidence for 

genetic contributions is considered quite strong, twin concordance research recently suggested 

environmental causes are also important (Hallmayer et al. 2011), and it is quite conceivable that 

multiple genes interact with environmental factors (Cederlund and Gillberg 2004; Glasson et al. 

2004).  

Few studies to date have examined the impact of air pollution on brain development in 

general during pregnancy, although air pollution exposure during the prenatal period has been 

associated with a variety of adverse birth outcomes in epidemiologic studies (Ritz et al. 2000; 

Ritz and Yu 1999; Srám et al. 2005; Williams et al. 1977), and neuropsychological effects later 

in childhood (Calderón-Garcidueñas et al. 2008; Edwards et al. 2010; Perera et al. 2006; Perera 

et al. 2012; Suglia et al. 2008; Tang et al. 2008; Wang et al. 2009).  The biological mechanisms 

by which air pollution may cause autism are largely unknown, although the immune system has 

been implicated as possibly playing a role (Hertz-Picciotto et al. 2008).  Only three studies to 

date have examined associations between autism and air pollution exposures during the prenatal 

period (Kalkbrenner et al. 2010; Volk et al. 2010; Windham et al. 2006).  In one study, autism 
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was associated with ambient air concentrations of chlorinated solvents and heavy metals near 

birth residences (Windham et al. 2006).  Another study of autism reported elevated odds ratios 

for methylene chloride, quinoline, and styrene exposures in ambient air but near-null effect 

estimates for ambient air metals and other pollutants (Kalkbrenner et al. 2010).  A third study 

reported that children born to mothers living within 309 meters of a freeway during pregnancy 

were more likely to be diagnosed with autism than children whose mothers lived >1,419 meters 

from a freeway (Volk et al. 2010).  

 We derived air pollution exposure measures using data from government air monitoring 

stations that provide information on spatial and temporal variations in criteria pollutants, and 

from a land use regression (LUR) model we developed for the Los Angeles (LA) air basin.  The 

LUR model allowed us to greatly improve our spatial characterization of traffic-related air 

pollution.  Because heterogeneity of the autism phenotype and its severity may be due to 

influences on different critical gestational windows of brain development (Geschwind and Levitt 

2007), we also seasonalized these traffic measures to investigate vulnerable trimesters of 

development.  Here we examine associations between measured and modeled exposures to 

prenatal air pollution and autism in children born to mothers in LA County, California since 

1995. 

Methods  

In this population-based case-control study, our source population consisted of children 

born between 1995-2006 to mothers who resided in LA County, California at the time of giving 

birth.    

Case ascertainment and definition 
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In LA, children with autism are identified through seven Regional Centers, contracted by 

the California Department of Developmental Services (DDS), whose staff determine eligibility 

and coordinate services in their respective service areas.  Cases are children given a primary 

diagnosis of Autistic Disorder (AD), the most severe among the autism spectrum disorders 

(ASD) diagnoses, between the ages of 36 to 71 months at a Los Angeles Regional Center during 

1998-2009.  During our study period, eligibility for DDS services did not depend on citizenship 

or financial status, i.e. services were available to all children irrespective of socioeconomic, 

health insurance status, or racial/ethnic identification.  Referrals to the regional centers are 

usually made by pediatricians, other clinical providers, and schools, but parents may also self-

refer their children.   

The diagnosis of AD was based on the Diagnostic and Statistical Manual of Mental 

Disorders (DSM IV-R) (American Psychiatric Association 2000) (code 299.00) reported on the 

Client Development Evaluation Report (CDER).  Validation studies have established the 

reliability and validity of the CDER in California (California Department of Developmental 

Services 2007; State of California Health and Welfare Agency: Department of Developmental 

Services 1986). 

Record Linkage 

We attempted to link 10,821 DDS records of children with autism to their respective birth 

records using the National Program of Cancer Registries Registry Plus
TM

 Link Plus Software 

(U.S. Department of Health and Human Services, Centers for Disease Control and Prevention, 

National Center for Chronic Disease Prevention and Health Promotion 2010a).  Based on child’s 

first and last name, birthdate, and gender; mother’s first and last name, and birthdate; and 

father’s last name and birthdate, we probabilistically matched the two records and reviewed all 
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high scoring linkages (>25), almost half of the linkages (9,120 out of 22,806), only accepting 

those manually confirmed to be likely matches (see CDC for record linkage concepts) (U.S. 

Department of Health and Human Services, Centers for Disease Control and Prevention, 

National Center for Chronic Disease Prevention and Health Promotion 2010b).  The remaining 

lower scoring linkages were reviewed using SAS 9.2 and accepted on the condition that the 

child’s first and last name, and birthdate matched perfectly.  We correctly linked 8,600 DDS 

records (79.5% of all cases) to birth records.  Of the 2,221 DDS records not linked to CA birth 

records, 35% were not born in LA County, 46% were missing birthplace information, and only 

19% recorded the child as born in Los Angeles County.  The most common reason for non-

linkage was missing/incomplete linkage information on either of the records. 

From among linked cases, we further excluded children whose mother’s residency was 

outside of LA County during her pregnancy (n=41), records with missing or implausible 

gestational ages (<21 or >46 weeks) or birth weights (<500g or >6800g) (n=508), and cases who 

did not have a primary diagnosis of Autistic Disorder (n=448), leaving a final sample of 7,603 

children with autism successfully linked to a birth certificate who met all inclusion criteria. 

Control selection  

We selected 10 controls for each case from our source population.  Using birth 

certificates, each control was randomly selected without replacement and matched on birth year 

and sex.  In addition, each control’s gestational age at birth had to be equal to or greater than the 

gestational age at birth of their matched case to ensure prenatal exposures could be estimated for 

comparable lengths of time.  Children were eligible as controls if they had no documentation of 

autism, i.e. did not have a DDS record in LA County by 2009, had a plausible gestational age 
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(21-46 weeks inclusive) and birth weight (500-6800g inclusive), and the mother resided in LA 

County at the time of birth.   

Matching by birth year balanced the large increase in autism rates during the case 

ascertainment period, 1998 to 2009.  The matched control set included 76,030 children born 

during 1995-2006.  From among these, we further excluded 248 control children who died prior 

to 5 years of age (71 months) based on California death records, leaving 75,782 controls.  

Residential locations at delivery reported on birth certificates were mapped using a 

custom geocoder (Goldberg et al. 2008) and further exclusions were necessary if residential 

addresses were not geocodable (9 cases, 147 controls; see Supplemental Material, Table 4-5).  

The geocoded residential locations at birth were then linked to the nearest government air 

monitoring station in LA County and our LUR model.    

This research was approved by the University of California Los Angeles Office of the 

Human Research Protection Program and the California Committee for the Protection of Human 

Subjects, and was exempted from informed consent requirements.  

Exposure assessment 

Using measurements for the criteria pollutants carbon monoxide (CO), nitrogen dioxide 

(NO2), nitric oxide (NO), ozone (O3), particulate matter concentrations with an aerodynamic 

diameter <10 µm (PM10) and <2.5 µm (PM2.5) from nearest monitoring stations, we estimated 

average exposures for the entire pregnancy and for three specific periods during pregnancy based 

on the birth date and gestational age reported on the birth certificate: first trimester (estimated 

first day of last menstrual period through day 92), second trimester (days 93-185), and third 

trimester (day 186 to date of birth).  The length of each pregnancy averaging period for controls 

was the same as for their matched case, i.e., averaging periods for each autistic risk set were 
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truncated at the gestational age of the matched case at birth.  Hourly measurements for CO, NO2, 

NO, and O3 (10am-6pm) were first averaged for each day if sufficient data were available (see 

Supplemental Material, Table 4-6 for details).  Daily averages for the gaseous pollutants and 24-

hour measurements of PM10 and PM2.5 (collected every 6 and 3 days, respectively) were then 

averaged over the different pregnancy periods when data were sufficient to do so (see 

Supplemental Material, Table 4-6). 

To classify prenatal exposures to traffic-related pollutants on a more spatially-resolved 

scale, we extracted NO and NO2 concentration estimates at each residential location from the 

LUR model surfaces we developed for the LA Basin (Su et al. 2009).  This LUR model was 

based on approximately two hundred measurements of outdoor air pollution taken during 2006-

2007 in locations across LA County, in addition to predictors of traffic exhaust concentrations 

(such as traffic counts, truck routes, and roadways).  The model explained 81% and 86% of the 

variance in measured NO and NO2 concentrations, respectively (Su et al. 2009).  

The LUR models most closely approximate annual average concentrations. Thus, in 

addition to using the LUR annual average (“unseasonalized”) estimates, we also generated 

“seasonalized” estimates to incorporate yearly and monthly air pollution variations.  Specifically, 

using ambient air monitoring data for NO and NO2 at the closest monitoring station, the LUR 

estimates were adjusted to represent pregnancy-month specific LUR values by multiplying the 

LUR (unseasonalized) estimates for NO and NO2 by the ratio of average ambient NO and NO2 

during each pregnancy month to annual average ambient NO and NO2 (2006-2007).  These 

seasonalized monthly LUR values were then averaged over each pregnancy period.  We applied 

the same exclusion criteria for missing values as described above when generating the pregnancy 

month scaling factors using the government monitoring data.  
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Statistical Analysis 

We calculated Pearson’s correlation coefficients to examine relations between the various 

pollutant measures.  Associations between air pollution exposure and odds of AD diagnosis were 

examined using one and two-pollutant models.  We adjusted for LUR estimates of traffic related 

exposures in our monitor-based pollutant models and assessed particles and the gaseous pollutant 

ozone together in the same model.  We calculated odds ratios (ORs) and 95% confidence 

intervals (CIs) using conditional logistic regression to estimate increases in odds of AD per inter-

quartile range (IQR) increase in pregnancy exposures, based on exposure distributions in the 

controls.  

We adjusted for potential confounders for which data were available on birth certificates 

based on prior knowledge (see Table 4-1 for categories used in models):  maternal age, maternal 

place of birth and race/ethnicity, and maternal education; type of birth (single, multiple), parity, 

insurance type (public, private, or other, a proxy for socioeconomic status), and gestational age at 

birth (weeks).  In addition, we  estimated pollutant effects without adjustment for gestational age 

to allow for the possibility that this factor might be an intermediate and thus on the causal 

pathway between air pollution and autism.  

We expected maternal education to correlate with estimates of air pollution and autism 

(Ponce et al. 2005), therefore we also used unconditional logistic regression models to estimate 

associations stratified by maternal education (less than high school, high school, more than high 

school) controlling for the matching variables, birth year, sex, and gestational weeks at birth, in 

addition to the other covariates noted above.  

Results 
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 Both mothers and fathers of children with autism were older and more educated than 

parents of control children, and mothers were more often non-Hispanic white but less often 

Hispanic, especially foreign-born Hispanic (Table 4-1).  A higher percentage of mothers of case 

children were primiparous and had multiple gestations.  As expected, children with autism had a 

lower mean gestational age at birth and birth weight than control children.  Of the children with 

autism not linked to a LA County birth record, parental characteristics were undetermined 

because of frequent missing information, i.e. 50–60% missing maternal and paternal age/birthday 

(results not shown).   However, of these non-linked DDS records, 42% of families were Hispanic  

(results not shown), comparable to the 41.9% of Hispanic mothers of case children included in 

this study (Table 4-1).  

 Unseasonalized LUR-based exposure estimates for NO and NO2 were negatively 

correlated with entire pregnancy ozone (r: -0.23 and -0.33, respectively) but positively correlated 

with entire pregnancy CO, NO, NO2, and PM2.5 (r: 0.22 to 0.43), and as expected, correlations 

between measured levels of pollutants and seasonalized LUR estimates were stronger than 

correlations with unseasonalized LUR estimates (r: 0.30 to 0.73) (Supplemental Material, Table 

4-7).  Even though all trimester specific measures correlated moderately with entire pregnancy 

averages (r >0.46), second trimester exposure averages correlated most strongly with entire 

pregnancy averages (r >0.80), and first and third trimester averages for the same pollutants were 

least correlated (r: 0.05 to 0.37) (results not shown).   

 We estimated 4-7% relative increases in odds of an Autistic Disorder diagnosis per IQR 

increase in unseasonalized LUR measures of NO and NO2 in adjusted models (Table 4-2).  These 

odds ratio estimates remained similar (1.03 to 1.09) in two-pollutant adjusted models (Table 4-

3).  Odds ratios for autism per IQR increase in monitor-based estimates of entire pregnancy 
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exposure to NO and NO2 were slightly smaller than associations with IQR increases in LUR-

based estimates (see Table 4-2).  We also estimated increases in odds of AD diagnosis per IQR 

increase in entire pregnancy exposure to ozone [OR=1.06, CI=1.01, 1.12] and PM2.5 [OR=1.07, 

CI=1.00, 1.15] (Table 4-2).  In two-pollutant models these estimates increased [ozone OR=1.12, 

CI=1.06, 1.19; PM2.5 OR=1.15, CI=1.06, 1.24] when we mutually adjusted for both pollutants 

(Table 4-3).  In addition, without adjustment for gestational weeks at birth associations increased 

further or remained the same; i.e. for the two-pollutant models including ozone and PM2.5 [ozone 

OR=1.14, CI=1.10, 1.19; PM2.5 OR=1.15, CI=1.09, 1.22] or ozone and LUR-NO2 [ozone 

OR=1.10, CI=1.06, 1.14; LUR-NO2 OR= 1.10, CI=1.07, 1.13] (results not shown). 

 In general, effect estimates did not show consistent patterns across trimesters in one-

pollutant models.  For example, average second and third but not first trimester exposures to 

ozone were associated with AD [first trimester OR=1.00 (0.97, 1.03); second trimester OR=1.02 

(1.00, 1.05); third trimester OR=1.04 (1.01, 1.06)] (Supplemental Material, Table 4-8). 

 Adjusting for maternal education changed air pollution effect estimates most strongly, 

likely because socioeconomic status is strongly associated both with air pollution exposure and 

autism diagnosis.  We also investigated potential effect measure modification of the air pollution 

and autism association,  i.e. examined whether air pollution effect estimates vary according to 

strata of maternal education possibly due to differences in vulnerability, in actual exposure, or 

exposure and outcome misclassification.  Generally, LUR-based traffic-related pollutant 

estimates showed the strongest association with autism in children of the least educated mothers, 

compared to mothers in the highest educational stratum (Table 4-4).  

Discussion 
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We estimated an approximately 3 to 9% relative increase in the odds of Autistic Disorder 

per inter-quartile range increase in entire pregnancy exposure to NO (9.40 ppb) and NO2 (5.41 

ppb) as estimated by our two-pollutant LUR models.  Our LUR model was built upon 

neighborhood-level measures of NOx and represents smaller-scale variability in exhaust 

pollutants, compared to estimates based on air monitoring station measurements (Zhou and Levy 

2007).  We also estimated a 5-15% relative increase in the odds of AD per inter-quartile range 

increase in entire pregnancy exposure to PM2.5 (4.68 g/m
3
) (Table 4-3), a pollutant which 

concentrations are driven in part by fossil fuel combustion in motor vehicles.  In addition, an 

11.54 ppb increase in ozone exposures during pregnancy was associated with a 6-12% relative 

increase in the odds of having a child diagnosed with autism.  

Few studies have previously examined associations between air pollution related 

exposures during the prenatal period and later development of autism, and none used ambient air 

monitoring data or land use regression models to estimate risk in a large population.  A relatively 

small study (284 cases, 657 controls) in the San Francisco Bay, California used study-specific 

census tract pollution scores derived from annual average concentrations and found hazardous air 

pollutant (HAP) concentrations (i.e. mercury, cadmium, nickel, trichloroethylene, and vinyl 

chloride) near birth residences to be associated with autism (Windham et al. 2006).  A study by 

Kalkbrenner et al. (2010) in North Carolina and West Virginia, with less exposure variability 

compared to California, reported near-null effect estimates for metals and several pollutants 

associated with AD in the San Francisco study.  Both studies relied on the same HAP pollutant 

data source and the Centers for Disease Control and Prevention (CDC) autism surveillance 

system (Autism and Developmental Disabilities Monitoring Network) to identify cases.  

However, instead of sampling controls from birth certificates, using education records North 



 69 

Carolina/West Virginia study investigators selected control children with speech and language 

impairment (383 cases, 2829 controls).  A third study (304 autism cases and 259 typically 

developing controls) based in California (Childhood Autism Risks from Genetics and the 

Environment (CHARGE) study) reported relatively strong associations (OR: 1.86, 95% CI: 1.04, 

3.45) between childhood autism and proximity (living within 309 meters) to a freeway during 

pregnancy (Hertz-Picciotto et al. 2006; Volk et al. 2010).  Trimester-specific addresses were 

geocoded, and measures of distance to freeways and major roads were calculated using GIS 

software.  This small study was the first to suggest that traffic-related exposures might increase 

the risk of autism.  In our study, we observed weaker associations with monitor-based and 

modeled air pollution exposure estimates in a much larger study population.   

Gestational toxicity may plausibly result from maternal exposure to NO2, which has been 

shown to disturb early neuromotor development in animals, causing coordination deficits, and 

reduced activity and reactivity in rats (Tabacova et al. 1985); specifically, NO2 exposure at low 

(0.05 – 0.10 mg/m
3
) and high (1 and 10 mg/m

3
)
 
concentrations for 6 hours each day throughout 

gestation affected neuromotor development in offspring.  The mean NO2 level in our study 

(30.8ppb; Supplemental Material, Table 4-7) falls within the exposure range classified as “low” 

in this animal study (0.05 – 0.10 mg/m
3
 or 26.6ppb – 53.2ppb).  Beckerman et al. (2008) 

suggested that NO may be a proxy measure for ultrafine particle (UFP, < 0.1μm in aerodynamic 

diameter) exposures from traffic exhaust and reported strong correlations between one-week 

average concentrations of NO, NO2, and NOx and short-term (10 minute) measures of UFP 

(r=0.8-0.9) at varying distances from a major expressway in Toronto, Canada.  Fine particles 

(PM2.5) can cause oxidative stress, and in-vitro animal and human post-mortem brain studies 

showed they can trigger cellular toxicity and brain cell pathology (Lai et al., 2005; Li et al., 
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2003, Peters et al 2006).   Hertz-Picciotto et al. (2005) found maternal PM2.5 exposures two 

weeks before birth associated with altered lymphocyte immunophenotypes and suggested this 

might mediate effects of air pollution on childhood morbidity.  Developmental immune system 

disruption has been hypothesized to play a role in neurobehavioral disorders such as autism, 

considering the close connection between the development of the immune system and the central 

nervous system (Hertz-Picciotto et al. 2008).  

 To our knowledge, this is the first study to suggest associations between ozone and 

Autistic Disorder.  Although ozone levels have dropped over the last decade, the LA region still 

often has the highest levels of ozone nationwide, violating federal health standards an average of 

137 days a year (averages from 2007 through 2009) (Roosevelt 2011).  In contrast with the 

traffic-related and particle associations that only became positive when we adjusted for maternal 

education, ozone effect estimates moved closer towards the null after adjustment for covariates, 

consistent with expectations, since traffic-related pollution is higher in lower SES neighborhoods 

while ozone levels are higher in suburban high SES areas, and autism is more likely to be 

diagnosed earlier in children of mothers with higher SES.  Specifically, ozone and NO follow 

opposite distribution patterns across the LA basin.  Ozone is formed by photochemical reactions 

in the presence of precursor pollutants from exhaust, and concentrations are low near 

freeways/roadways (due to presence of strong NO emission sources) and higher in suburban 

neighborhoods (Wilhelm et al. 2009).  Controlled animal studies suggest ozone may cause 

adverse neurobehavioral effects after gestational exposure (Kavlock et al. 1980; Petruzzi et al. 

1995; Sorace et al. 2001).  

 We relied on information recorded on California birth certificates to adjust for potential 

confounding by prenatal risk factors for autism reported in the literature (Gardener et. al. 2009, 
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2011), i.e. parental age at birth, parity, maternal place of birth, and multiple births.  However, we 

were unable to control for potential confounding due to maternal physical and mental health 

history, or maternal active or passive smoking.  Women giving birth in LA are predominantly 

Hispanic, and our survey of 2,543 women giving birth in LA County in 2003 found only 1% of 

foreign-born Hispanic, 5% of US born Hispanics and 7% of non-Hispanic whites are active 

smokers during pregnancy (Hoggatt et al. 2011).  Also, a recent study found no association 

[prevalence ratio=0.88 (95% CI=0.72, 1.08)] for maternal smoking during pregnancy and 

Autistic Disorder (Kalkbrenner et al. 2012).  Confounding by other SES-related factors 

potentially correlated with air pollution is also a concern.  Families of lower SES are more likely 

exposed to air pollution, and less likely represented in the autism case group, possibly due to 

under ascertainment (Durkin et al. 2010; Grineski et al. 2007; Institute of Medicine 1999), which 

could have potentially biased our effect estimates toward the null.  However, we estimated 

stronger associations among those with the lowest maternal education for LUR-based estimates 

of NO and NO2.  We adjusted for type of insurance (public vs. private pay), as well as other SES 

indicators important in the LA community (i.e. maternal place of birth and education) since we 

previously showed these factors were sufficient to adjust adequately for SES in LA County birth 

outcome and air pollution studies; i.e. effect estimates for air pollution and birth outcomes were 

very similar when we adjusted for maternal occupation, income, and education or simply for 

birth certificate derived SES measures (Hoggatt et al. 2011). 

 In addition to being a confounder, gestational age at birth may also be a mediator 

between air pollution and autism.  In analyses not adjusting for gestational weeks at birth we 

estimated larger or similar effect sizes.  However, not adjusting for gestational age at birth may 

also result in biased estimates because of our matching design.  Specifically, since controls were 
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sampled from among children who at birth had reached at minimum the gestational age of the 

matched case, gestational age as a matching variable required that we analytically control for it.  

Thus the magnitude and direction of any potential bias from adjusting or not adjusting for 

gestational age at birth is not easily quantifiable.   

A source of exposure measurement error is the reliance on address information reported 

on birth certificates, which does not account for women who worked far from home or 

residential mobility during pregnancy.  Previous U.S.-based studies (1997–2004) indicate 15-

30% of women move during pregnancy (Chen et al. 2010; Lupo et al. 2010).  In our previous 

population-based survey of 2,543 women residing in 111 zipcodes in LA County and delivering 

in 2003, 22% reported moving during pregnancy (Ritz et al. 2007).  Our survey also found 

pregnant women of lower SES less likely to be employed and more likely to spend time near 

their residence, suggesting exposure is less misclassified for lower compared to higher SES 

women.  

Distance from a monitoring station likely introduced some non-differential 

misclassification of exposure, especially for pollutants such as CO and NO2 that are more 

heterogeneously distributed.  On average, the distance between home addresses and the nearest 

monitoring station was 6.7 miles in our study, and monitor-based estimates of CO, NO and NO2 

are questionable in their validity if air pollution measurements are more accurate representations 

of actual exposures for women living closer to a station (Ghosh et al. 2012; Wilhelm et al. 2011).  

Ambient station measures for PM2.5 and ozone, however, are less likely to be misrepresenting 

actual exposures, as these pollutants are generally considered more homogeneously distributed 

over larger regions.  

 LUR derived NO and NO2 are much more spatially resolved than monitor-based 
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estimates, and were previously associated with adverse pregnancy outcomes in the same LA 

population (Ghosh et al. 2012; Wilhelm et al. 2011).  Our LUR model not only represents local 

traffic-related pollution well, it reduces possible confounding by spatial SES factors.  For 

example, autism diagnoses have been reported to vary spatially in California due to SES (Van 

Meter et al. 2010), but measures of air pollution are not inherently influenced by these spatial 

factors related to SES (Wilhelm et al. 2009).  For pollutants that are more homogeneous over 

larger regional areas like PM2.5 and ozone, confounding due to SES is possible, nevertheless 

associations were stronger when we mutually adjusted for both pollutants. 

 A major strength of our study was the use of our novel LUR exposure measures for 

traffic-related pollution in addition to routine, government monitoring station data for criteria 

pollutants to help identify specific emissions of concern for autism.  Furthermore, selection bias 

due to participation is unlikely to have occurred.  

Conclusions 

The observed association with the LUR model estimates and monitoring station-based 

ozone and PM2.5 measures suggest a link between Autistic Disorder and traffic-related exposures 

during pregnancy.  Ideally, future autism and air pollution studies should use neighborhood-level 

monitoring or modeling of air toxins such as PAHs and possibly speciated PM2.5 to determine 

whether these results are reproducible with improved air pollution assessment.  
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Table 4-1.  Demographic and prenatal characteristics by case (7,594) and 

control group (n=75,635)  

Characteristics 

Autistic Disorder 

Cases                                     

n  (%) 

Controls
a           

                  

n (%) 

Gender    

Males 6291 (82.8) 62643 (82.8) 

Females 1303 (17.2) 12992 (17.2) 

Birth Year    

1995 277 (3.7) 2762 (3.7) 

1996 319 (4.2) 3173 (4.2) 

1997 382 (5.0) 3812 (5.0) 

1998 487 (6.4) 4859 (6.4) 

1999 455 (6.0) 4533 (6.0) 

2000 594 (7.8) 5904 (7.8) 

2001 732 (9.6) 7285 (9.6) 

2002 885 (11.7) 8776 (11.6) 

2003 1035 (13.6) 10336 (13.7) 

2004 1034 (13.6) 10284 (13.6) 

2005 874 (11.5) 8735 (11.6) 

2006 520 (6.9) 5176 (6.8) 

Gestational age (weeks)    

mean (sd) 39.0 (2.6) 39.4 (2.3) 

Maternal Characteristics    

Maternal age at delivery    

<18 y.o. 178 (2.3) 4997 (6.6) 

19 - 25 1673 (22.0) 23906 (31.6) 

26 -30 2034 (26.8) 20228 (26.7) 

31 - 35 2159 (28.4) 16845 (22.3) 

>35 1550 (20.4) 9654 (12.8) 

Missing 0 5 (0.0) 

Maternal birthplace           

U.S.-born 3544 (46.7) 32590 (43.1) 

Foreign-born 4038 (53.2) 42930 (56.8) 

Unknown  12 (0.1) 115 (0.1) 

Maternal Race/Ethnicity    

Non-Hispanic white 2625 (34.6) 20616 (27.3) 

Non-Hispanic African American 622 (8.2) 6028 (8.0) 

 Hispanic  3183 (41.9) 40118 (53.0) 

Asian 1073 (14.1) 8123 (10.7) 

Other/unknown 91 (1.2) 750 (1.0) 
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Table 4-1 (cont.)  Demographic and prenatal characteristics by case (7,594) 

and control group (n=75,635)  

Characteristics 

Autistic Disorder 

Cases                                     

n (%) 

Controls
a           

                  

n (%) 

Maternal education   

<High school 1725 (22.7) 27232 (36.0) 

High school 1861 (24.5) 20115 (26.6) 

>High school 3926 (51.7) 27400 (36.2) 

Unknown 82 (1.1) 888 (1.2) 

Prenatal Characteristics    

Type of birth    

Single 7218 (95.0) 73880 (97.7) 

Twin/Triplet+ 376 (5.0) 1755 (2.3) 

Insurance Type    

Public (Medi-Cal) 2971 (39.1) 39382 (52.1) 

Private 4432 (58.4) 33746 (44.6) 

Other 117 (1.5) 1925 (2.6) 

Unknown 74 (1.0) 582 (0.8) 

Parity    

One (index birth) 3280 (43.2) 29399 (38.9) 

Two 2556 (33.7) 23495 (31.1) 

Three 1134 (14.9) 13296 (17.6) 

>Three 623 (8.2) 9417 (12.4) 

Unknown 1 (0.0) 28 (0.0) 

Birthweight (grams)    

mean (sd) 3321.0 (640.9) 3377.8 (543.3) 

Paternal Characteristics    

Paternal age at delivery (yrs)    

<18 53 (0.7) 1484 (2.0) 

19-25 1017 (13.4) 16067 (21.2) 

26-30 1545 (20.4) 17752 (23.5) 

31-35 1999 (26.3) 17174 (22.7) 

>35 2502 (32.9) 17286 (22.9) 

Unknown 478 (6.3) 5872 (7.8) 

Paternal education    

<High school 1508 (19.9) 23653 (31.3) 

High school 1931 (25.4) 19725 (26.1) 

>High school 3589 (47.3) 25145 (33.2) 

Unknown 566 (7.4) 7112 (9.4) 
a
 Controls are matched to cases by gender, birth year, and at minimum 

reached the gestational age of the case                                                                                                                                                         
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Table 4-2. Associations between inter-quartile range increases in entire pregnancy 

average air pollution exposures and Autistic Disorder, conditional logistic regression 

analysis using matched controls
a
  

Exposure 

Metric IQR 

Unadjusted Adjusted
b
 

Odds Ratio     

(OR) N
c 
(case/control) OR (95%CI) 

U-LUR-NO
d
 9.40ppb 0.87 7420/72231 1.04 (1.00, 1.08) 

U-LUR-NO2
d
 5.41ppb 0.91 7420/72231 1.07 (1.03, 1.12) 

S-LUR-NO
e
 18.46ppb 0.84 6279/52144 1.02 (0.96, 1.08) 

S-LUR-NO2
e
 9.70ppb 0.87 6279/52144 1.05 (0.98, 1.12) 

CO 0.55ppm 0.85 7421/72253 0.99 (0.94, 1.05) 

NO 29.67ppb 0.85 7421/72253 1.01 (0.95, 1.07) 

NO2 10.47ppb 0.89 7421/72253 1.04 (0.98, 1.10) 

Ozone (O3) 11.54ppb 1.19 7421/72253 1.06 (1.01, 1.12) 

PM10 8.25μg/m
3
 0.96 6795/63662 1.03 (0.96, 1.10) 

PM2.5 4.68μg/m
3
 1.01 5840/55776 1.07 (1.00, 1.15) 

a  
Controls matched to cases by birth year, sex, and at minimum reached the gestational age of the 

case                                                                                                                                                                        
b  

Adjusted for: maternal age, education, race/ethnicity, maternal place of birth; type of birth, 

parity, insurance type, gestational weeks at birth (continuous)                                                                                                                                                                                               
c 
 N reflects sample with complete data, i.e. strata with at least one case and one control                                                                                                                                                                                                               

d
 U-LUR: unseasonalized land use regression                                                                                                                                     

e
 S-LUR: seasonalized land use regression 
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Table 4-3. Associations between inter-quartile range increases in entire pregnancy average air pollution exposures 

and Autistic Disorder, conditional logistic regression analysis using matched controls
a
, adjusted

b
 two-pollutant 

models  

Pollutant1 IQR Pollutant2 IQR 

N
c 

(case/control) 

Pollutant1 Pollutant2 

OR (95%CI) OR (95%CI) 

Ozone(O3) 11.54ppb U-LUR-NO 9.4ppb 7420/72231 1.08 (1.03, 1.14) 1.06 (1.02, 1.11) 

Ozone(O3) 11.54ppb U-LUR-NO2 5.4ppb 7420/72231 1.08 (1.03, 1.14) 1.09 (1.04, 1.13) 

NO 29.67ppb U-LUR-NO 9.4ppb 7420/72231 0.99 (0.93, 1.05) 1.04 (1.00, 1.09) 

NO 29.67ppb U-LUR-NO2 5.4ppb 7420/72231 0.98 (0.92, 1.04) 1.08 (1.03, 1.13) 

CO 0.55ppm U-LUR-NO 9.4ppb 7420/72231 0.97 (0.92, 1.03) 1.05 (1.00, 1.09) 

CO 0.55ppm U-LUR-NO2 5.4ppb 7420/72231 0.96 (0.91, 1.02) 1.08 (1.03, 1.13) 

PM10 8.25μg/m
3
 U-LUR-NO 9.4ppb 6794/63642 1.02 (0.95, 1.10) 1.04 (1.00, 1.09) 

PM10 8.25μg/m
3
 U-LUR-NO2 5.4ppb 6794/63642 1.00 (0.93, 1.07) 1.08 (1.03, 1.13) 

PM2.5 4.68μg/m
3
 U-LUR-NO 9.4ppb 5839/55757 1.06 (0.99, 1.14) 1.03 (0.98, 1.08) 

PM2.5 4.68μg/m
3
 U-LUR-NO2 5.4ppb 5839/55757 1.05 (0.97, 1.12) 1.07 (1.01, 1.12) 

Ozone(O3) 11.54ppb PM10 8.25μg/m
3
 6795/63662 1.06 (1.01, 1.12) 1.04 (0.97, 1.11) 

Ozone(O3) 11.54ppb PM2.5 4.68μg/m
3
 5840/55776 1.12 (1.06, 1.19) 1.15 (1.06, 1.24) 

a
 Controls matched to cases by birth year, sex, and at minimum reached the gestational age of the case                                                                             

b
 Adjusted for: maternal age, education, race/ethnicity, maternal place of birth; type of birth, parity, insurance type, 

gestational weeks at birth (continuous)                                                                                                                                                                                                   
c
 N reflects sample with complete data, i.e.  strata with at least one case and one control  
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Table 4-4. Associations between inter-quartile range increases in entire pregnancy average air pollution exposures and Autistic 

Disorder, unconditional logistic regression by maternal education 

    Adjusted Odds Ratios By Maternal Education
a
 

   <High school High school   >High school 

Pollutant IQR case/control Adjusted OR case/control Adjusted OR case/control Adjusted OR 

U-LUR-NO
b
 9.40ppb 1713/27051 1.11 (1.05, 1.18) 1842/19962 1.03 (0.97, 1.09) 3865/26987 0.99 (0.95, 1.03) 

U-LUR-NO2
b
 5.41ppb 1713/27051 1.17 (1.10, 1.25) 1842/19962 1.06 (1.00, 1.13) 3865/26987 1.03 (0.99, 1.07) 

S-LUR-NO
c
 18.46ppb 1435/23270 1.03 (0.96, 1.10) 1513/16533 1.02 (0.95, 1.09) 3331/22872 1.01 (0.96, 1.07) 

S-LUR-NO2
c
 9.70ppb 1435/23270 1.04 (0.97, 1.27) 1513/16533 1.07 (0.99, 1.15) 3331/22872 1.07 (1.01, 1.12) 

CO 0.55ppm 1714/27036 0.90 (0.85, 0.96) 1842/19949 1.03 (0.97, 1.09) 3865/26960 1.09 (1.04, 1.14) 

NO  29.67ppb 1714/27036 0.96 (0.89, 1.03) 1842/19949 1.02 (0.95, 1.09) 3865/26960 1.04 (0.99, 1.10) 

NO2 10.47ppb 1714/27036 0.97 (0.90, 1.04) 1842/19949 1.08 (1.01, 1.16) 3865/26960 1.07 (1.02, 1.12) 

Ozone 11.54ppb 1714/27036 1.09 (1.02, 1.16) 1842/19949 1.07 (1.01, 1.14) 3865/26960 1.04 (0.99, 1.09) 

PM2.5 8.25μg/m
3
 1352/20540 1.04 (0.96, 1.12) 1415/15547 1.09 (1.01, 1.17) 3074/21970 1.06 (1.00, 1.12) 

PM10 4.68μg/m
3
 1585/24775 0.97 (0.91, 1.04) 1670/18273 1.08 (1.01, 1.16) 3550/24707 1.02 (0.97, 1.07) 

a
 Adjusted for: child's birth year, sex; maternal age, race/ethnicity, maternal place of birth; type of birth, parity, insurance type, 

gestational weeks at birth (continuous)   
b
 U-LUR: Unseasonalized Land Use Regression  

c
 S-LUR: Seasonalized Land Use Regression  

Note: missing maternal education (case/control):  U-LUR: 63/718; S-LUR: 50/605; monitor-based criteria: 63/715; PM10: 57/659; 

PM2.5: 51/596  
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Supplemental Material, Table 4-5. Results of birth certificate 

residential address geocoding. 

Mapping level 

Autistic 

Disorder cases            

(n=7,603)          

n (%)  

Controls 

(n=75,782)            

n (%) 

Parcel centroid 3578 (47.1) 34658 (45.7) 

Uniform lot interpolation 1537 (20.2) 14865 (19.6) 

Address range interpolation 2054 (27.0) 21375 (28.2) 

Zip code tabulation area 

centroid, city centroid, or 

county subdivision centroid 425 (5.6) 4737 (6.2) 

 Not geocoded 9 (0.1) 147 (0.2) 
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Supplemental Material, Table 4-6. Exclusion criteria used when estimating pregnancy 

period specific monitor-based air pollution exposure metrics. 

Pollutant Data 

Availability 

Criteria 

CO hourly Criteria for hourly measurements: 

At least 50% of hourly values available per 24-hr period 

and at least 50% of hourly values available from 6am-6pm. 

If sufficient data were available, a daily (24-hour) average 

was generated based on the hourly data. 

Criteria for pregnancy periods: 

We required at least 15 readings for each full month in a 

given period (trimester or entire pregnancy) as well as 15 

readings during the last 30 days of the pregnancy period. 

NO, NO2, hourly Criteria for hourly measurements: 

At least 50% of hourly values available per 24-hr period 

and at least 50% of hourly values available from 8am-8pm. 

Criteria for pregnancy periods: 

We required at least 15 readings for each full month in a 

given period (trimester or entire pregnancy) as well as 15 

readings during the last 30 days of the pregnancy period. 

O3 (10am-

6pm) 

hourly Criteria for hourly measurements: 

At least 50% of hourly values available from 10am-6pm. 

Criteria for pregnancy periods: 

We required at least 15 readings for each full month in a 

given period (trimester or entire pregnancy) as well as 15 

readings during the last 30 days of the pregnancy period. 

PM10 24-hour 

average, 

every 6 days 

We required 3 or more values to be available per each full 

pregnancy month and during the last 30 days of pregnancy. 

PM2.5 24-hour 

average, 

every 3 days 

We required 5 or more values to be available per each full 

pregnancy month and during the last 30 days of pregnancy. 
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Supplemental Material, Table 4-7. Pollutant distributions and Pearson's correlation coefficients for entire pregnancy averages in 

controls 

      Pearson's Correlation Coefficients 

      U-LUR
b
 S-LUR

c
 Criteria Pollutants 

Pollutant
a
 n  Mean  IQR SD 

LUR - 

NO 

LUR-

NO2 

LUR - 

NO 

LUR- 

NO2 CO NO  NO2 O3 PM10 PM2.5 

U-LUR - NO
b
 75623 22.4 9.40 8.3 1.00                  

U-LUR- NO2
b
 75623 22.9 5.41 4.5 0.81 1.00                

S-LUR - NO
c
 64129 28.7 18.46 14.7 0.77 0.62 1.00               

S-LUR- NO2
c
 64128 28.0 9.70 7.3 0.66 0.70 0.71 1.00             

CO 75565 1.0 0.55 0.5 0.27 0.26 0.56 0.53 1.00           

NO  75565 39.2 29.67 20.5 0.37 0.31 0.70 0.44 0.78 1.00         

NO2 75565 30.8 10.47 7.6 0.35 0.43 0.58 0.73 0.77 0.73 1.00       

Ozone 75565 36.8 11.54 8.9 -0.33 -0.23 -0.57 -0.34 -0.55 -0.73 -0.50 1.00     

PM10 69263 36.3 8.25 6.1 0.11 0.23 0.30 0.55 0.42 0.28 0.57 -0.17 1.00   

PM2.5 59483 19.6 4.68 3.5 0.22 0.26 0.45 0.52 0.60 0.58 0.65 -0.47 0.58 1.00 

a
 Pollutant values are expressed in the following units: CO ppm; NO, NO2, ppb; PM, μg/m

3
 

b  
Unseasonalized Land Use Regression  

c
 Seasonalized Land Use Regression  
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Supplemental Material, Table 4-8. Associations between trimester average air pollution 

exposure during pregnancy and Autistic Disorder, conditional logistic regression analysis using 

matched controls 

Exposure Metric IQR
b
 

Adjusted
a
  

N (case/control) OR (95% CI) 

S-LUR-NO, 1st trimester 18.5ppb 6281/52173 1.01 (0.98, 1.04) 

S-LUR-NO, 2nd trimester 18.5ppb 6281/52173 1.01 (0.98, 1.04) 

S-LUR-NO, 3rd trimester 18.5ppb 6246/51897 0.99 (0.96, 1.03) 

S-LUR-NO2, 1st trimester 9.7ppb 6281/52173 1.03 (0.98, 1.08) 

S-LUR-NO2, 2nd trimester 9.7ppb 6281/52173 1.03 (0.98, 1.08) 

S-LUR-NO2, 3rd trimester 9.7ppb 6246/51897 1.04 (0.98, 1.09) 

CO, 1st trimester 0.55ppm 7421/72253 1.01 (0.98, 1.05) 

CO, 2nd trimester 0.55ppm 7421/72253 0.99 (0.95, 1.02) 

CO, 3rd trimester 0.55ppm 7383/71912 0.98 (0.94, 1.02) 

NO, 1st trimester 29.67ppb 7421/72253 1.02 (0.99, 1.05) 

NO, 2nd trimester 29.67ppb 7421/72253 1.00 (0.97, 1.03) 

NO, 3rd trimester 29.67ppb 7383/71912 0.98 (0.95, 1.02) 

NO2, 1st trimester 10.47ppb 7421/72253 1.04 (0.99, 1.08) 

NO2, 2nd trimester 10.47ppb 7421/72253 1.01 (0.97, 1.06) 

NO2, 3rd trimester 10.47ppb 7383/71912 1.02 (0.97, 1.07) 

Ozone (O3), 1st tri 11.54ppb 7421/72253 1.00 (0.97, 1.03) 

Ozone (O3), 2nd tri 11.54ppb 7421/72253 1.02 (1.00 1.05) 

Ozone (O3), 3rd tri 11.54ppb 7383/71912 1.04 (1.01, 1.06) 

PM10, 1st trimester 8.25μg/m
3
 6795/63662 1.00 (0.96, 1.05) 

PM10, 2nd trimester 8.25μg/m
3
 6795/63662 1.01 (0.97, 1.06) 

PM10, 3rd trimester 8.25μg/m
3
 6752/63259 1.02 (0.98, 1.06) 

PM2.5, 1st trimester 4.68μg/m
3
 5840/55776 1.04 (0.99, 1.08) 

PM2.5, 2nd trimester 4.68μg/m
3
 5840/55776 1.02 (0.98, 1.06) 

PM2.5, 3rd trimester 4.68μg/m
3
 5811/55512 1.03 (0.99, 1.08) 

a 
Adjusted for: maternal age, education, race/ethnicity, maternal place of birth; type of birth, parity, 

insurance type, gestational weeks at birth (continuous)                                                                                                         
b
 Pollutant-specific entire-pregnancy IQR used as standard for trimester specific IQR 

 

 

 

 



 83 

Supplemental Material, Table 4-9. Pollutant Distributions and Pearson's Correlation 

Coefficients for trimester-specific and entire pregnancy average criteria pollutants in 

controls   

    Pearson Correlation Coefficients 

    Corresponding Pollutant Metric 

Pollutant
a
 n mean sd 1st Tri 2nd Tri 3rd Tri Entire 

S-LUR - NO, 1st tri 64146 31.7 26.0 1.00     

S-LUR - NO, 2nd tri 64146 29.2 24.9 0.19 1.00    

S-LUR - NO, 3rd tri 63831 26.6 22.6 -0.30 0.26 1.00   

S-LUR - NO, Entire 64129 28.6 14.7 0.54 0.80 0.46 1.00 

S-LUR- NO2, 1st tri 64146 29.4 9.1 1.00     

S-LUR- NO2, 2nd tri 64146 28.6 8.9 0.65 1.00    

S-LUR- NO2, 3rd tri 63830 27.5 8.4 0.37 0.64 1.00   

S-LUR- NO2, Entire 64128 28.0 7.3 0.82 0.91 0.78 1.00 

CO, 1st Tri 75565 1.1 0.6 1.00     

CO, 2nd Tri 75565 1.0 0.6 0.50 1.00    

CO, 3rd Tri 75210 1.0 0.6 0.14 0.53 1.00   

CO, Entire 75565 1.0 0.5 0.74 0.88 0.69 1.00 

NO, 1st Tri 75565 42.0 35.1 1.00     

NO, 2nd Tri 75565 39.3 34.1 0.19 1.00    

NO, 3rd Tri 75210 36.7 31.8 -0.31 0.26 1.00   

NO, Entire 75565 39.4 20.5 0.54 0.80 0.46 1.00 

NO2, 1st Tri 75565 31.6 9.4 1.00     

NO2, 2nd Tri 75565 30.7 9.3 0.62 1.00    

NO2, 3rd Tri 75210 30.2 9.1 0.32 0.62 1.00   

NO2, Entire 75565 30.8 7.6 0.80 0.91 0.77 1.00 

Ozone, 1st Tri 75565 35.8 14.9 1.00     

Ozone, 2nd Tri 75565 36.6 14.6 0.21 1.00    



 84 

Supplemental Material cont., Table 4-9. Pollutant Distributions and Pearson's Correlation 

Coefficients for trimester-specific and entire pregnancy average criteria pollutants in 

controls 

    Pearson Correlation Coefficients 

    Corresponding Pollutant Metric 

Pollutant
a
 n mean sd 1st Tri 2nd Tri 3rd Tri Entire 

Ozone, 3rd Tri 75210 37.8 14.6 -0.36 0.30 1.00   

Ozone, Entire 75565 36.7 8.9 0.50 0.82 0.48 1.00 

PM2.5, 1st Tri 59483 20.0 4.9 1.00     

PM2.5, 2nd Tri 59483 19.5 4.9 0.35 1.00    

PM2.5, 3rd Tri 59202 19.3 4.9 0.05 0.39 1.00   

PM2.5, Entire 59483 19.6 3.5 0.67 0.81 0.65 1.00 

PM10, 1st Tri 69263 36.7 8.4 1.00     

PM10, 2nd Tri 69263 36.2 8.3 0.35 1.00    

PM10, 3rd Tri 68871 36.2 8.4 0.12 0.37 1.00   

PM10, Entire 69263 36.3 6.0 0.69 0.80 0.67 1.00 

a
 Pollutant values are expressed in the following units: CO ppm; NO, NO2 ppb; PM μg/m

3
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Chapter 5: Autism and Maternal Race/Ethnicity and Nativity in Hispanic and Black 

Populations in Los Angeles 

Introduction 

Approximately 1 in 88 children in the United States (U.S.) is being diagnosed with an 

autism spectrum disorder (ASD), a group of developmental disabilities characterized by atypical 

development in terms of socialization, communication, and behavior (1,2).  Autism prevalence 

has been reported to be highest among white non-Hispanic children (hereon “white”)  and lower 

in Hispanic and African American/black children (hereon “black”)(2–4).  However, population-

based data that considers maternal race/ethnicity and nativity in relation to childhood autism risk 

is sparse.  It is important to consider the influence of nativity and related risk factors in the 

development and etiology of autism, given that 22% of young children (<6 years) born in the 

U.S. have immigrant parents (5). 

European studies reported that having an immigrant mother is a risk factor for autism (6–

10).  However, due to great differences in migration patterns to and from countries and the 

variety of conditions related to  migration, these findings might not be generalizable to U.S. 

immigrant populations.  In the UK and Sweden, immigrant mothers were at increased risk of 

having a child with autism with comorbid intellectual disability (6,11,12).  These mothers had 

migrated from Africa, the Caribbean,
 
and Latin America (mostly Chile) (6,7).  Unlike the 

European studies, U.S. studies found children of foreign-born mothers overall, and foreign-born 

Hispanics in particular to have a similar or lower risk for autism compared with children of U.S.-

born or white mothers (4,13).  The discrepancy between studies highlights the need for large-

scale population-based examination of autism prevalence/incidence, including phenotypes, of 

specific immigrant groups in the U.S. 

Children with autism often experience heightened sensitivities to sensory stimuli in 
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everyday life, are unable to regulate behavior or emotional responses, or are afflicted by severe 

language delays (1,14,15).  In some cases, autism is associated with a diagnosis of mental 

retardation (MR), a comorbid condition generally defined as having intellectual [intelligence 

quotient (IQ)<70] and adaptive functioning deficits (1).  Previous research suggested lower IQ 

scores or a higher prevalence of intellectual disabilities and greater expressive language delays 

among Hispanic and black children with autism (3,16,17).  This may indicate differences in 

diagnosis and treatment of these disorders across racial/ethnic groups (18), or alternatively 

suggest differences in etiology (16,19).  While only 10-20% of ASD is attributed to known 

genetic factors (20), contributions of environmental factors such as maternal stress, nutritional 

deficiencies, toxic substances or infections should be considered and these risk factors may be 

disproportionately prevalent in minority populations (21,22).   

Here we assess whether the incidence of autism and specific autistic phenotypes, i.e., 

comorbid MR, expressive language, and emotional/behavioral deficits, differs by maternal 

race/ethnicity and nativity. We focused our investigation on children born in Los Angeles (L.A.) 

County, California, a metropolitan county with large numbers of black (400,000 in 2010) and 

Hispanic (4.7 million in 2009) inhabitants, and a high proportion of immigrants (30% in 2011) 

(23–25).  

Methods  

Case ascertainment and definition 

We included as cases children with a primary diagnosis of autistic disorder (AD) at ages 

36 to 71 months diagnosed during 1998-2009, born between 1995-2006.  In L.A. County, 

children with autism are diagnosed and recorded through seven regional centers contracted by 

the California Department of Developmental Services (DDS).  Referrals to the regional centers 
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are usually made by pediatricians, other clinical providers, and schools, but parents may also 

self-refer their children.  During our study period, DDS services were available to all children 

irrespective of socioeconomic status, type of health insurance, or immigration status.   

The diagnosis of AD was based on the Diagnostic and Statistical Manual of Mental 

Disorders (DSM IV-R code 299.00) (1), as reported on the DDS Client Development Evaluation 

Report (CDER). Validation studies have established the reliability and validity of the CDER 

(26,27).  

We further identified a subgroup of children with AD and a secondary diagnosis of 

mental retardation (AD-MR) (ICD-9-CM code: 317-mild, 318.0-moderate, 318.1-severe, 318.2-

profound, 319-MR unspecified) on the CDER.  To investigate language and behavior 

heterogeneity, we restricted assessments to 5-year olds which reduces differences related to age 

dependent development.  We identified from DDS evaluation records two subgroups with either 

“impaired” or “less impaired” expressive language (AD-impaired expressive language: the child 

does not use words, says simple words, or says two-word sentences; AD-less impaired 

expressive language: the child uses sentences of 3 words or more or at least can engage in basic 

conversation); and two subgroups with “severe” or “less severe” emotional outburst behavior 

(AD-severe outbursts: the child has daily or weekly tantrums requiring restraint; AD-less severe 

outburst: child has no tantrums, weekly, or less than weekly tantrums without needing restraint).  

Record Linkage 

We attempted to link 10,821 DDS records of children with autism to their respective birth 

records using a probabilistic linkage program, as described previously (28,29).  We linked 8,600 

DDS records (79.5% of all cases) to birth records.  Of the 2,221 DDS records not linked to birth 

records the most common reason for non-linkage was missing/incomplete information on the 
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birth or DDS record (29).  Of the 8,600 subjects, 6,485 were eligible for inclusion because they 

had a primary diagnosis of AD, a plausible gestational age (21-46 weeks inclusive) and birth 

weight (500-6800g inclusive), maternal place of birth recorded on the birth certificate, and a 

mother of non-Hispanic white, Hispanic, or black race/ethnicity.  

We examined maternal race/ethnicity and nativity based on mother’s reported Hispanic 

origin (yes/no) and race information provided on the birth certificate to create three groups: non-

Hispanic white, Hispanic, and non-Hispanic black, by maternal nativity (U.S.-born or foreign-

born).  Mother’s country of origin information on California birth certificates was only specified 

for some foreign-born Hispanic groups but not for foreign-born blacks.  We separately examined 

the two subgroups that represented the largest foreign-born groups in the 12-year study period 

with origin or country of birth documented: Central/South America and Mexico.  For this 

analysis, we excluded 175,352 children with other or unknown racial/ethnic group (99.4% of 

exclusions) and mothers with unknown nativity (0.6%).  The final cohort consisted of 1,461,610 

births. 

Statistical Analysis 

Using unconditional logistic regression, we estimated risk of autism in offspring in 

subgroups according to maternal race/ethnicity and nativity using U.S.-born white mothers as the 

reference group. We estimated crude and adjusted relative risks (RRs) and 95% confidence 

intervals for the following outcomes: AD, AD-MR, AD-impaired expressive language, AD-less 

impaired expressive language, AD-severe outbursts, and AD-less severe outbursts.   

We adjusted models for the following suspected risk factors for autism (30–34), which 

were taken from birth certificates: maternal age (<18, 19-25, 26-30, 31-35, >35) and education 

(<high school, high school, >high school); type of birth (single, twin+), parity (one, two, three, 
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>three), gestational age (<37weeks, >37 weeks), birth weight (<2500g, 2500-4500g, >4500g), 

trimester start of prenatal care (none, 1
st
 trimester, 2

nd
 trimester, 3

rd
 trimester), pregnancy 

complications (any of the following: hypertension, renal, lung, or cardiac disease, asthma, 

pyelonephritis, diabetes, gestational diabetes, RH sensitivity, hemoglobinopathy, uterine 

bleeding, hydramnios, incomplete cervix, STDs, hepatitis B, rubella, other infections, tobacco 

use during pregnancy, and large fibroids), insurance type (Medi-Cal, private, other; we 

previously observed this to be a reasonable proxy for socioeconomic status), and regional center 

(35).  

This research was approved by the University of California Los Angeles Human 

Research Protection Program and the California Committee for the Protection of Human 

Subjects. 

Results  

U.S.- and foreign-born white, and foreign-born black mothers were more likely to have 

multiple births, were older at the time of the child’s birth, and had more years of education.  

Also, they had more pregnancy complications in addition to U.S.-born black mothers  (Table 5-

1).  Only 53% of foreign-born blacks had private insurance compared to 82% of U.S.-born white 

mothers.  The highest crude rates for autism were observed among children of foreign and U.S.-

born white, and foreign-born black mothers.  

The mean age of children entering the DDS system differed by as much as 5 months 

across race/ethnic and nativity based groups (Table 5-2).  In general, black and Hispanic 

mothers’ risk of AD in offspring varied by nativity, with 76% higher risk in foreign-born black 

mothers and 13-14% higher risk in U.S.-born Hispanics and blacks compared to U.S.-born 

whites.  Children born to foreign-born Central/South American women were at 26% higher risk.   
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Autistic Disorder – Mental Retardation  

We identified 690 children with AD-MR in total (Table 5-3).  Children of black mothers, 

regardless of maternal nativity, in addition to children of U.S.-born Hispanic and foreign-born 

Central/South American women, were at higher risk of AD-MR compared to U.S.-born white 

mothers.   

Autistic Disorder by Expressive Language Skills  

We identified 2,107 5-year old children with AD for whom language abilities were 

documented as “impaired” and 1,506 with “less impaired” expressive language.  Compared to 

children born to U.S.-born white women, all other race/ethnicity groups were at higher risk of 

having a child with AD-impaired expressive language regardless of nativity (Table 5-4).  

Compared to U.S.-born whites, most other children had similar risk of less impaired language, 

except children of foreign-born Mexican and of U.S.-born black mothers who were at lower risk.  

Autistic Disorder by Severity of Emotional Outbursts 

We identified 1,226 5-year old children with AD and “severe” emotional outburst 

behavior and 2,361 with “less severe” outbursts (Table 5-5).  Children of U.S.-born Hispanic and 

foreign-born Central/South American mothers were at higher risk of AD with severe emotional 

outbursts compared to U.S.-born whites.  Children of foreign-born black mothers were at 

increased risk for both severe and less severe emotional outburst behavior.  

In children who exhibited both impaired expressive language and severe emotional 

outbursts, we observed the highest risks for children of U.S.-born Hispanic (RR=1.72, CI=1.32, 

2.24), U.S.-born black (RR=1.44, CI=1.03, 2.01), foreign-born Central/South American 

(RR=1.81, CI=1.33, 2.48), and foreign-born black women (RR=2.46, CI=1.28, 4.74) compared 

to offspring of U.S.-born whites.  Higher risks of language impairment in these racial/ethnic and 
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nativity based groups persisted when the child had less severe outburst behaviors for most 

children except those of U.S.-born Hispanics (Supplemental Table 5-6).   

Discussion 

In this population-based study conducted in L.A. County, foreign-born black mothers 

were at elevated risk of having a child with AD and AD-MR, consistent with findings of a higher 

autism risk among children born to mothers from Africa and the Caribbean living in the UK and 

Sweden (6,7).  Our data for the first time show that children born to immigrant Central/South 

American, but not Mexican women (the largest Hispanic immigrant group in L.A. County), were 

at higher risk for AD and specifically for AD-MR compared to U.S.-born whites.  Also, U.S.-

born Hispanic women were at slightly higher risks of having a child with AD and AD-MR while 

U.S.-born black offspring were at similar risk of AD as U.S.-born whites but at increased risk of 

AD with comorbid mental retardation.  

Variation of autism phenotype and severity by race/ethnicity and nativity may be due to 

differences in stress, diet, toxic exposures, or infections, which can affect fetal development 

during pregnancy (21,22).  Thus, to understand the nativity differentials by race/ethnicity and 

country/region of origin, it may be pertinent to consider the experiences by members of different 

immigrant groups in their home country.  The economic and security condition of their country 

of origin, period of and age at immigration, as well as factors prompting the migration such as 

economic or family reunification reasons, being a skilled worker, or a wartime refugee may 

provide clues about etiologic factors.  Life event stress and psychiatric disorders, possibly related 

to experiences of refugees escaping wars and disasters, nutritional deficiencies and psychological 

stress from famine and trauma common in Central American and certain African immigrant 

groups (36–41) are considered risk factors for autism in offspring (42–48).  
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Alternative explanations are that having been born and raised in a foreign country may 

lead to less immunity against local pathogens, thus increasing susceptibility during pregnancy to 

infections more common in the U.S.  Maternal severe infections are likely to alter fetal brain 

development and some authors suggested that influenza and prolonged episodes of fever may 

increase autism risk (30,49–55). Toxic stress during pregnancy such as chronic exposure to 

social and environmental hazards has been suggested as a strong determinant of child 

developmental outcomes and these may be particularly common in some Hispanic and black 

minorities (56).  Folic acid and vitamin D deficiencies, which are implicated as possible factors 

in autism, are also common among black and Hispanic women (57–63)
. 
 

Hispanics’ autism risk varied by maternal nativity and region/country of origin.  No 

associations between immigration status and autism have previously been reported in California 

(4), possibly due to the apparently lower risks among offspring of foreign-born Mexican women, 

who make up the majority of the foreign-born in California (53%) (23).  Interestingly, our study 

found a higher risk of autism among offspring of U.S.-born Hispanics, supporting one previous 

report (13), and also among foreign-born Central/South Americans, to our knowledge not 

reported before.  Women from certain Central American nations (Guatemala, El Salvador) 

migrated to L.A. County in the 1980’s seeking asylum and may have a history of trauma from 

civil war, violence, and displacement, related to fleeing their countries (64–66). 
 
In contrast, the 

lower risks of autism in foreign-born Mexican women resembles the “Latino paradox” which 

notes that despite low income and education, Mexican immigrants have healthier birth outcomes 

with similar or lower rates of low birth weight than U.S.-born Hispanics and non-Hispanic white 

women (67–70); this phenomenon is not seen in Central/South American immigrants (71). 

Although there is little research as to how the Latino paradox extends through childhood, two 
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studies including children of Mexican immigrants found rates of maternal reported diagnoses of 

congenital anomalies, mental retardation, speech problems, and chronic medical conditions 

(including asthma) similar to non-Hispanic whites, despite variation in health care access 

(72,73).   

To our knowledge, this is the first U.S. study addressing autism risk with respect to 

maternal nativity and race/ethnicity.  L.A. County has a unique composition of racial/ethnic and 

foreign-born populations and our results are in part in line with previous findings from Europe 

with regard to black immigrant parents and autism risks in offspring (6,7,11,12,74,75).  Although 

the countries/regions of origin among foreign-born black women were not identified in our 

study, they likely migrated from Africa or the Caribbean (76).  Information about autism 

incidence or prevalence in low and lower-middle income countries is very limited, in particular 

for Africa (77), making it difficult to determine whether the observed autism risk is a migratory 

phenomenon due to the causes discussed above.   

The relative risks of autism in children from U.S.-born black mothers differed from 

foreign-born blacks and thus should be considered separately in future studies, unlike what has 

been done in most previous U.S. studies (78,79).  Children of U.S.-born black mothers had 

similar risks of AD as those of white mothers, but more often exhibited a AD phenotype with co-

occurring MR.  Previous studies found children born to women of black race to be at highest risk 

of a primary MR diagnosis (80), and for children with autism to be at higher risk of a comorbid 

intellectual disability, greater delay in language, and in addition less likely to be diagnosed with 

milder forms of autism than white children (16,18).
  
Although higher comorbidity with 

intellectual disability has been associated with indicators of a poor intrauterine environment (81), 
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under-diagnosis of milder forms of autism at a young age in black children is a concern, such 

that more children are identified later when they reach school age (18,82).  

Minority groups historically thought to be under-ascertained with regard to autism, i.e. 

Hispanics and blacks, showed equivalent or higher risks of AD compared with U.S.-born white 

mothers when maternal nativity and other well-known risk factors were considered.  Specifically, 

children of foreign-born black, foreign-born Central/South American, and U.S.-born Hispanic 

mothers were at higher risk of AD with more severe emotional outbursts than children of U.S.-

born whites.  Ascertainment bias is possible, such that more severe behaviors would prompt 

identification, and that language and cultural barriers, i.e., low access to psychologists from 

minority groups, appropriately standardized and translated assessment instruments (83–86), 

could have caused differential misclassification of language and behavior skills.  However, we 

also identified increased/similar risk of less impaired expressive language and less severe 

emotional outbursts in children from mothers in these three groups.  This indicates that children 

with milder deficits in language and behavior are being identified in these groups, and suggests a 

true excess of more severe cases, which may explain their higher AD risks.  While genetic 

studies have found more severe sensory behaviors, arousal regulation problems, aggression, and 

worse social communication skills in carriers of some monoamine oxidase A (MAOA) 

genotypes (87), a common genetic variant reported to differ by race/ethnicity (88), higher 

exposure to environmental risk factors and less possibilities to mitigate such exposures, may also 

be related to maternal nativity and explain the excess of more severe cases.   

The large and diverse population in our study allowed us to assess autism risk variations 

in offspring of mothers who migrated from different regions of the world and were of different 

racial/ethnic origins.  Though our sample size did not allow us to validate diagnoses, the 



 102 

diagnostic stability of autism is considered good within the age group we studied (diagnostic 

consistency for ASD between ages 2 and 9 years is 90 percent)
 
(26,89).  Further, our study 

included children with a strict diagnosis of AD, more likely to hold under DSM-5 criteria 

(sensitivity: 0.76) than other ASD groups, i.e. Asperger’s syndrome, pervasive developmental 

disorder, not otherwise specified (Sensitivity: 0.25-0.28) (90).  Expressive language skills and 

social-emotional behavior assessment relied on caregiver report.  Though the parent interview is 

considered as critical as direct observation of the child for diagnostically assessing language and 

behavior (91), it might be hampered by the parent’s ability to understand and accurately report 

such observations.  

Conclusion 

Our results underscore the importance of investigating autism risks and phenotypes in 

Hispanic and black populations with respect to maternal nativity.  We could not operationalize 

pathophysiological hypotheses for autistic phenotypes, though more severe autism cases appear 

to be present in children of Hispanic and black women, except among Mexican-born mothers.  

Systematic exploration of risk and protective factors related to living circumstances prior to and 

after migration is sorely needed.  Exploring infections and immunologic profiles across 

immigrant subgroups, their exposures to stress and environmental factors, as well as the 

influence of acculturation and the adoption of the new culture’s diet may be particularly 

important and informative in providing us with clues about AD etiology.  
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Table 5-1. Distribution of demographic and prenatal characteristics by maternal race/ethnicity and nativity 

  

U.S.-born 

White 

(236,347)       

n (%) 

Foreign-

born White 

(63,464)        

n (%) 

U.S.-born 

Hispanic 

(316,565)        

n (%) 

Foreign-born 

Hispanic 

(711,825)        

n (%) 

U.S.-born 

Black  

(123,316)       

n (%) 

Foreign-

born Black  

(10,093)       

n (%) 

Gestational Time        

Preterm (<37 

weeks) 23438 (9.9) 5955 (9.4) 35606 (11.3) 77902 (10.9) 20004 (16.2) 1311 (13.0) 

Term (>37 

weeks) 212909 (90.1) 57509 (90.6) 280959 (88.7) 633923 (89.1) 103312 (83.8) 8782 (87.0) 

Birth weight        

Low (<2500g) 14678 (6.2) 3889 (6.1) 19874 (6.3) 39421 (5.5) 14697 (11.9) 945 (9.4) 

Normal (>2500g, 

<4500g) 217495 (92.0) 58875 (92.8) 292505 (92.4) 661925 (93.0) 107466 (87.2) 8971 (88.8) 

Macrosomia 

(>4500g) 4174 (1.8) 700 (1.1) 4185 (1.3) 10478 (1.5) 1153 (0.9) 177 (1.8) 

Maternal Characteristics       

Maternal age at 

delivery (years)         

<18  5746 (2.4) 412 (0.6) 49924 (15.8) 40706 (5.7) 11904 (9.7) 173 (1.7) 

19 - 25 42116 (17.8) 11211 (17.7) 146597 (46.3) 247927 (34.8) 47504 (38.5) 1839 (18.2) 

26 -30 58701 (24.8) 19023 (30.0) 67929 (21.5) 203818 (28.6) 29104 (23.6) 2985 (29.6) 

31 - 35 75587 (32.0) 20136 (31.7) 36871 (11.6) 142819 (20.1) 21814 (17.7) 3254 (32.2) 

>35 54190 (22.9) 12675 (20.0) 15229 (4.8) 76460 (10.7) 12975 (10.5) 1842 (18.3) 

missing 7 (0.0) 7 (0.0) 15 (0.0) 95 (0.0) 15 (0.0) 0 

Maternal 

education         

<high school 15925 (6.7) 4040 (6.4) 101315 (32.0) 450568 (63.3) 22855 (18.5) 895 (8.9) 

high school 49673 (21.0) 14252 (22.5) 118393 (37.4) 164226 (23.1) 48991 (39.7) 2714 (26.9) 

>high school 169129 (71.6) 44452 (70.0) 94867 (30.0) 89943 (12.6) 50092 (40.6) 6332 (62.7) 

unknown 1620 (0.7) 720 (1.1) 1990 (0.6) 7088 (1.0) 1378 (1.1) 152 (1.5) 

Prenatal Characteristics       

Type of birth        

Single 225931 (95.6) 60620 (95.5) 309723 (97.8) 697974 (98.0) 118967 (96.5) 9681 (95.9) 

Multiple 10416 (4.4) 2844 (4.5) 6842 (2.2) 13851 (2.0) 4349 (3.5) 412 (4.1) 

Start of prenatal care       

none 880 (0.4) 101 (0.2) 1667 (0.5) 2654 (0.4) 1027 (0.8) 42 (0.4) 

1st trimester 219645 (92.9) 59215 (93.3) 270961 (85.6) 604493 (84.9) 103583 (84.0) 8718 (86.4) 

2nd trimester 13438 (5.7) 3423 (5.4) 36859 (11.6) 82614 (11.6) 15711 (12.7) 1021 (10.1) 

3rd trimester 1927 (0.8) 549 (0.9) 5182 (1.6) 15417 (2.2) 2196 (1.8) 245 (2.4) 

unknown 457 (0.2) 176 (0.3) 1896 (0.6) 6647 (0.9) 799 (0.7) 67 (0.7) 

Insurance Type        

Medi-Cal 35489 (15.0) 14881 (23.4) 156899 (49.6) 537710 (75.5) 62267 (50.5) 4379 (43.4) 
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Table 5-1 continued. Distribution of demographic and prenatal characteristics by maternal race/ethnicity and 

nativity 

 

U.S.-born 

White 

(236,347)       

n (%) 

Foreign-

born White 

(63,464)        

n (%) 

U.S.-born 

Hispanic 

(316,565)        

n (%) 

Foreign-born 

Hispanic 

(711,825)        

n (%) 

U.S.-born 

Black  

(123,316)       

n (%) 

Foreign-

born Black  

(10,093)       

n (%) 

Private 193373 (81.8) 46071 (72.6) 150422 (47.5) 156175 (21.9) 57155 (46.3) 5337 (52.9) 

other 5648 (2.4) 2073 (3.3) 6317 (2.0) 14974 (2.1) 2323 (1.9) 274 (2.7) 

unknown 1837 (0.8) 439 (0.7) 2927 (0.9) 2966 (0.4) 1571 (1.3) 103 (1.0) 

Parity        

one (index birth) 105618 (44.7) 29945 (47.2) 139113 (43.9) 217039 (30.5) 47055 (38.2) 3912 (38.8) 

two 79000 (33.4) 22532 (35.5) 94322 (29.8) 215713 (30.3) 34522 (28.0) 3137 (31.1) 

three 33477 (14.2) 7816 (12.3) 50006 (15.8) 154580 (21.7) 20866 (16.9) 1803 (17.9) 

>three 18205 (7.7) 3162 (5.0) 33043 (10.4) 124263 (17.5) 20773 (16.8) 1234 (12.2) 

unknown 47 (0.0) 9 (0.0) 81 (0.0) 230 (0.0) 100 (0.1) 7 (0.1) 

Previous 

miscarriage        

none 190094 (80.4) 53916 (85.0) 270885 (85.6) 616721 (86.6) 99507 (80.7) 8362 (82.8) 

one 32676 (13.8) 6801 (10.7) 34606 (10.9) 74154 (10.4) 16446 (13.3) 1208 (12.0) 

two 9075 (3.9) 1904 (3.0) 3031 (1.0) 16035 (2.3) 4749 (3.9) 350 (3.5) 

>three 4432 (1.9) 837 (1.3) 7960 (2.5) 4706 (0.7) 2481 (2.0) 170 (1.7) 

unknown 70 (0.0) 6 (0.0) 83 (0.0) 209 (0.0) 133 (0.1) 3 (0.0) 

Previous 

stillborn        

none 233773 (98.9) 62841 (99.0) 31288 (98.9) 702100 (98.6) 120307 (97.6) 9911 (98.2) 

>1 2506 (1.1) 616 (1.0) 3584 (1.1) 9478 (1.4) 2879 (2.3) 177 (1.8) 

unknown 68 (0.0) 7 (0.0) 98 (0.0) 247 (0.0) 130 (0.1) 5 (0.0) 

Pregnancy Complications      

All 29847 (12.6) 5483 (8.6) 28884 (9.1) 49230 (6.9) 16075 (13.0) 1209 (12.0) 

Hypertension 5501 (2.3) 904 (1.4) 5801 (1.8) 8510 (1.2) 3263 (2.7) 279 (2.8) 

Diabetes 4442 (1.9) 1306 (2.1) 6482 (2.1) 15077 (2.1) 2301 (1.9) 297 (2.9) 

Infections 5294 (2.2) 763 (1.2) 5600 (1.8) 10266 (1.4) 4056 (3.3) 208 (2.1) 

Smoking 5030 (2.1) 452 (0.7) 3101 (1.0) 2230 (0.3) 2154 (1.8) 86 (0.9) 

Anemia 1067 (0.5) 243 (0.4) 1441 (0.5) 2052 (0.3) 1010 (0.8) 86 (0.9) 

Paternal Characteristics       

Paternal age at delivery (years)       

<18 1828 (0.8) 43 (0.1) 17654 (5.6) 9370 (1.3) 4046 (3.3) 50 (0.5) 

19 - 25 25725 (10.9) 3259 (5.2) 118933 (37.6) 164345 (23.1) 29738 (24.1) 737 (7.3) 

26 -30 46738 (19.8) 11186 (17.6) 76705 (24.2) 190796 (26.8) 23413 (19.0) 1329 (13.2) 

31 - 35 69375 (29.3) 18938 (29.8) 46402 (14.6) 155697 (21.9) 20158 (16.4) 2134 (21.1) 

>35 81970 (34.7) 28807 (45.4) 28387 (9.0) 136046 (19.1) 22510 (18.2) 4808 (47.6) 

unknown 10711 (4.5) 1231 (1.9) 28484 (9.0) 55571 (7.8) 23451 (19.0) 1035 (10.3) 

Paternal 

education         

<High school 11735 (5.0) 4377 (6.9) 89222 (28.2) 399336 (56.1) 11449 (9.3) 482 (4.8) 
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High school 51354 (21.7) 14069 (22.2) 117415 (37.1) 158501 (22.3) 50356 (40.8) 2292 (22.7) 

>High school 160721 (68.0) 43089 (67.9) 75329 (23.8) 86170 (12.1) 37908 (30.7) 6180 (61.2) 

unknown 12537 (5.3) 1929 (3.0) 34599 (10.9) 67818 (9.5) 23603 (19.1) 23603 (19.1) 
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Table 5-2. Maternal race/ethnicity and nativity in relation to children's diagnosis of autistic disorder in Los Angeles County 

Maternal 

race/ethnicity 

and nativity 

Mean age 

(years) at 

diagnosis 

(SD) case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births) 

Crude Risk Ratio      

(RR)              

(95% CI) 

Maternal Age 

Adjusted Risk 

Ratio            

(RR)                   

(95% CI) 

Adjusted Risk 

Ratio
a
             

(RR)               

(95% CI) 

Additionally 

Adjusted Risk 

Ratio
b 
            

(RR)               

(95% CI) 

Additionally 

Adjusted by 

Regional Center 

(RR) (95% CI) 

White           

U.S.-born 3.4 (0.9) 1477/236347 62.5 1.00 1.00 1.00 1.00 1.00 

Foreign-born 3.3 (0.9) 420/63464 66.2 1.06 (0.95, 1.18) 1.06 (0.95, 1.19) 1.02 (0.91, 1.14) 1.05 (0.94, 1.17) 1.04 (0.93, 1.16) 

Black           

U.S.-born  3.4 (0.9) 526/123316 42.6 0.68 (0.62, 0.75) 0.84 (0.76, 0.93) 1.00 (0.90, 1.10) 1.04 (0.94, 1.15) 1.14 (1.02, 1.26) 

Foreign-born 3.2 (0.9) 92/10093 91.2 1.46 (1.18, 1.80) 1.49 (1.20, 1.84) 1.59 (1.28, 1.96) 1.65 (1.33, 2.05) 1.76 (1.41, 2.18) 

Hispanic            

U.S.-born 3.5 (0.8) 1376/316565 43.5 0.70 (0.65, 0.75) 0.97 (0.90, 1.05) 1.08 (1.00, 1.17) 1.15 (1.06, 1.24) 1.13 (1.04, 1.22) 

Foreign-born  3.5 (0.9) 2594/711825 36.4 0.58 (0.55, 0.62) 0.69 (0.64, 0.73) 0.85 (0.79, 0.91) 1.05 (0.97, 1.14) 1.06 (0.98, 1.15) 

Mexico 3.5 (0.9) 1792/548977 32.6 0.52 (0.49, 0.56) 0.61 (0.57, 0.66) 0.76 (0.70, 0.82) 0.95 (0.86, 1.05) 0.95 (0.86, 1.05) 

 Ctrl/S. America 3.6 (0.9) 760/157147 48.4 0.77 (0.71, 0.84) 0.89 (0.81, 0.97) 1.08 (0.98, 1.19) 1.25 (1.13, 1.39) 1.26 (1.14, 1.40) 

a 
Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight, trimester start of prenatal care, and any pregnancy 

complication 
b
 Additionally adjusted for maternal education and insurance type  



 107 

 

Table 5-3.  Maternal race/ethnicity and nativity in relation to children's diagnosis of autistic disorder with comorbid mental retardation in Los Angeles 

County  

Maternal 

race/ethnicity 

and nativity 

Mean age 

(years) at  

diagnosis 

(SD) case/cohort 

 Avg. 

Crude 

Rate 

(per 

10,000 

births)  

Crude Risk 

Ratio            

(RR)              

(95% CI) 

Maternal Age 

Adjusted Risk 

Ratio            

(RR)                   

(95% CI) 

Adjusted Risk 

Ratio
a
             

(RR)               

(95% CI) 

Additionally 

Adjusted Risk 

Ratio
b
             

(RR)               

(95% CI) 

Additionally 

Adjusted by 

Regional Center 

(RR) (95% CI) 

White                 

U.S-born 3.2 (0.8) 122/236347 5.2 1.00 1.00 1.00 1.00   

Foreign-born 3.6 (1.1) 35/63464 5.5 1.07 (0.73, 1.56) 1.06 (0.73, 1.54) 1.06 (0.73, 1.55) 1.08 (0.74, 1.57) 1.20 (0.82, 1.75) 

Black          

U.S.-born  3.6 (1.0) 78/123316 6.3 1.23 (0.92, 1.63) 1.38 (1.04, 1.84) 1.42 (1.06, 1.90) 1.47 (1.09, 1.97) 1.52 (1.11, 2.06) 

Foreign-born  3.4 (0.9) 13/10093 12.9 2.49 (1.41, 4.42) 2.50 (1.41, 4.42) 2.56 (1.44, 4.53) 2.67 (1.50, 4.74) 2.63 (1.44, 4.78) 

Hispanic          

U.S-born 3.6 (0.9) 161/316565 5.1 0.99 (0.78, 1.25) 1.20 (0.94, 1.53) 1.30 (1.02, 1.66) 1.35 (1.04, 1.73) 1.53 (1.18, 1.98) 

Foreign-born  3.6 (0.9) 281/711825 3.9 0.76 (0.62, 0.95) 0.83 (0.67, 1.03) 0.91 (0.73, 1.14) 1.01 (0.79, 1.30) 1.16 (0.90, 1.50) 

Mexico 3.6 (0.9) 190/548977 3.5 0.67 (0.53, 0.84) 0.71 (0.56, 0.89) 0.79 (0.62, 1.01) 0.94 (0.70, 1.26) 1.04 (0.77, 1.41) 

 Ctrl/S. America 3.7 (0.9) 86/157147 5.5 1.06 (0.80, 1.40) 1.11 (0.84, 1.46) 1.20 (0.90, 1.60) 1.42 (1.03, 1.96)  1.66 (1.20, 2.28) 

a
 Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight, trimester start of prenatal care, and any pregnancy 

complication  
b
 Additionally adjusted for maternal education and insurance type  
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Table 5-4. Maternal race/ethnicity and nativity in relation to children's diagnosis of autistic disorder by expressive language skills at 5 years of age 

  Impaired Expressive Language  Less Impaired Expressive Language  

Maternal 

race/ethnicity 

and nativity case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births) 

Crude Risk Ratio      

(RR)              

(95% CI) 

Adjusted Risk 

Ratio
a 
            

(RR)                 

(95% CI) case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births)  

Crude Risk Ratio      

(RR)              

(95% CI) 

Adjusted Risk 

Ratio
a
              

(RR)                 

(95% CI) 

White             

U.S-born  349/197992 17.6 1.00 1.00 509/197992 25.7 1.00 1.00 

Foreign-born  109/51540 21.1 1.16 (0.94, 1.44) 1.24 (1.00, 1.54) 117/51540 22.7 0.88 (0.72, 1.08) 0.91 (0.74, 1.11) 

Black           

U.S.-born  189/103643 18.2 1.04 (0.87, 1.24) 1.37 (1.13, 1.66) 106/103643 10.2 0.40 (0.32, 0.49) 0.84 (0.68, 1.05) 

Foreign-born 38/8331 45.6 2.55 (1.83, 3.57) 2.76 (1.96, 3.89) 14/8331 16.8 0.65 (0.38, 1.11) 0.90 (0.53, 1.54) 

Hispanic           

U.S.-born  429/250825 17.1 0.92 (0.80, 1.06) 1.28 (1.09, 1.49) 309/250825 12.3 0.48 (0.42, 0.55) 1.01 (0.86, 1.19) 

Foreign-born  993/595680 16.7 0.95 (0.84, 1.07) 1.36 (1.17, 1.57) 451/595680 7.6 0.30 (0.26, 0.33) 0.83 (0.71, 0.97) 

Mexico 700/460141 15.2 0.86 (076, 0.98) 1.12 (0.95, 1.33) 301/460141 6.5 0.25 (0.22, 0.29) 0.78 (0.64, 0.95) 

Ctrl/S. America 275/130579 21.1 1.18 (1.01, 1.39) 1.57 (1.31, 1.89) 142/130579 10.9 0.42 (0.35, 0.51) 1.03 (0.84, 1.28) 

a
 Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight, trimester start of prenatal care, any pregnancy 

complication, maternal education, insurance type, and regional center 

Language information is presented for cases 5 years of age at evaluation; Cohort is for 1995-2004 births, n=1,208,011 
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Table 5-5.  Maternal race/ethnicity and nativity in relation to children's diagnosis of autistic disorder with severe or less severe emotional outburst 

behavior at 5 years of age 

  Severe Emotional Outbursts Less Severe Emotional Outbursts  

Maternal 

race/ethnicity 

and nativity case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births)  

Crude Risk Ratio           

(RR)              

(95% CI) 

Adjusted Risk 

Ratio
a
             

(RR)                 

(95% CI) case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births) 

Crude Risk Ratio      

(RR)              

(95% CI) 

Adjusted Risk 

Ratio
a
             

(RR)                 

(95% CI) 

White                 

U.S-born  272/197992 13.7 1.00 1.00 586/197992 29.6 1.00 1.00 

Foreign-born  66/51540 12.8 0.93 (0.71, 1.22) 0.98 (0.74, 1.28) 154/51540 29.9 0.98 (0.82, 1.17) 1.04 (0.87, 1.24) 

Black           

U.S.-born 84/103643 8.1 0.59 (0.46, 0.75) 0.93 (0.72, 1.20) 209/103643 20.2 0.68 (0.58, 0.80) 1.10 (0.93, 1.31) 

Foreign-born 17/8331 20.4 1.49 (0.91, 2.43) 1.72 (1.03, 2.86) 34/8331 40.8 1.38 (0.96, 1.92) 1.63 (1.15, 2.31) 

Hispanic           

U.S.-born  279/250825 11.1 0.81 (0.69, 0.96) 1.29 (1.07, 1.55) 453/250825 18.1 0.58 (0.51, 0.65) 0.99 (0.86, 1.13) 

Foreign-born  508/595680 8.5 0.62 (0.54, 0.72) 1.10 (0.92, 1.32) 925/595680 15.5 0.52 (0.47, 0.58) 1.01 (0.89, 1.15) 

Mexico 345/460141 7.5 0.55 (0.47, 0.64) 0.93 (0.75, 1.16) 649/460141 14.1 0.48 (0.43, 0.53) 0.89 (0.77, 1.04) 

Ctrl/S. America 160/130579 12.2 0.89 (0.73, 1.08) 1.47 (1.17, 1.85) 253/130579 19.4 0.65 (0.56, 0.75) 1.12 (0.94, 1.32) 

a 
Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight, trimester start of prenatal care, any pregnancy 

complication, maternal education, insurance type, and regional center 

Behavioral information is presented for cases 5 years of age at evaluation; Cohort is for 1995-2004 births, n=1,208,011 
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Supplemental Table 5-6.  Maternal race/ethnicity and nativity in relation to children's diagnosis of autistic disorder with combined levels of impairment in 

expressive language and severity of emotional outbursts at 5 years of age 

Maternal 

race/ethnicity 

and nativity 

Impaired Language &        

Severe Outbursts 

Impaired Language &           

Less Severe Outbursts 

Less Impaired Language &         

Severe Outbursts 

Less Impaired Language &   

Less Severe Outbursts 

case/cohort 

Adjusted Risk 

Ratio
a
             

(RR)                 

(95% CI) case/cohort 

Adjusted Risk 

Ratio
a
             

(RR)                 

(95% CI) case/cohort 

Adjusted Risk 

Ratio
a
             

(RR)                 

(95% CI) case/cohort 

Adjusted Risk 

Ratio
a
             

(RR)                 

(95% CI) 

White               

U.S-born 109/197992 1.00 240/197992 1.00 163/197992 1.00 344/197992 1.00 

Foreign-born 35/51540 1.29 (0.88, 1.89) 72/51540 1.20 (0.92, 1.56) 31/51540 0.77 (0.52, 1.13) 82/51540 0.93 (0.73, 1.18) 

Hispanic               

U.S.-born 179/250825 1.72 (1.32, 2.24) 245/250825 1.05 (0.86, 1.28) 100/250825 1.01 (0.76, 1.34) 207/250825 1.01 (0.84, 1.23) 

Foreign-born 357/595680 1.45 (1.12, 1.87) 627/595680 1.29 (1.08, 1.54) 151/595680 0.91 (0.69, 1.21) 298/595680 0.79 (0.65, 0.96) 

Mexico 253/460141 1.20 (0.89, 1.60) 442/460141 1.07 (0.87, 1.32) 92/460141 0.76 (0.54, 1.08) 207/460141 0.79 (0.62, 1.01) 

Ctrl/S. America 103/130579 1.81 (1.33, 2.48) 168/130579 1.41 (1.12, 1.77) 57/130579 1.32 (0.94, 1.87) 85/130579 0.91 (0.70, 1.20) 

Black               

U.S.-born 61/103643 1.44 (1.03, 2.01) 126/103643 1.31 (1.04, 1.65) 23/103643 0.54 (0.34, 0.85) 82/103643 0.98 (0.76, 1.27) 

Foreign-born 11/8331 2.46 (1.28, 4.74) 26/8331 2.76 (1.83, 4.16) 6/8331 1.24 (0.54, 2.82) 8/8331 0.75 (0.37, 1.52) 

a
 Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age birth weight, trimester start of prenatal care, pregnancy complications, 

maternal education, insurance type, and regional center 

Information is presented for cases 5 years of age at evaluation; Cohort is for 1995-2004 births, n=1,208,011 
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Chapter 6: Autism Among Children in Asian Subgroups in Los Angeles 

Introduction 

In the United States (U.S.), 113 per 10,000 children aged 8 years is being diagnosed with 

an autism spectrum disorder (ASD), a group of developmental disabilities characterized by 

impairments in social skills, communication, and behavior (1,2).  Prevalence estimates of ASD 

for Asian/Pacific Islander (Asian/P.I.) children is reported to range widely from 22 to 190 per 

10,000, and population-based data that considers the diverse origins of Asians is sparse.  In 

California, 37% of immigrants are of Asian descent and are the second largest immigrant group.  

Most Asians arrive from Eastern and Southeastern Asia, with the Philippines and China as the 

leading countries of origin (3).  Worldwide, the prevalence of autistic disorder (AD) is reported 

lowest in China (2005: 10.9 per 10,000 2-6 year olds), followed by Japan (2005: 37.5 per 10,000 

5 year olds), and South Korea (2011: 94 per 10,000 7-12 year olds) with no estimates for Filipino 

and Vietnamese populations (4). 

One California study found that children of Asian women were not at higher risk of 

autism compared to white women (5).  However this study did not stratify by country of origin, 

and to our knowledge, no studies in the U.S. have examined autism risk across different Asian 

groups and considered maternal nativity.  European studies have observed that immigrant 

mothers from Iran and India, living in the UK and in Sweden, had increased risk of having a 

child with autism relative to European-born mothers, and specifically of low-functioning autism 

(6,7).    Due to the differing economic and political circumstances in Asian countries, the various 

Asian subgroups differ by demographics, socioeconomic status and immigration history to the 

U.S., which may suggest variation in autism prevalence. 
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Children with autism often have more difficulty regulating behavior or emotional 

responses, are afflicted with severe language delays, and in addition may be diagnosed with 

mental retardation, a comorbid condition defined as having intellectual [intelligence quotient 

(IQ)<70] and adaptive functioning deficits (2,8).  Phenotypic heterogeneity in autism in relation 

to maternal race/ethnicity and nativity is suggested by previous research that found lower IQ 

scores or a higher prevalence of intellectual disabilities and greater expressive language delays 

among Hispanic and black children with autism (9–11).  It is not clear, however, whether this 

pattern generalizes in Asians, particularly in specific Asian subgroups.  Variation in diagnosis 

and treatment is possible, but it also raises the question about exposures experienced by parents 

from certain race/ethnicity and nativity groups that may contribute to autism (10,12,13).  

We relied on a diverse population of children in Los Angeles County, California to 

determine whether the incidence of autism and specific autistic phenotypes, i.e., comorbid 

mental retardation, expressive language, and emotional/behavioral deficits, differs by nativity in 

Asian mothers born in the U.S., China, Japan, Korea, Philippines, or Vietnam.  

Methods 

We studied children born to mothers who resided in LA County, California between 1995 

and 2006 whose birth certificate provided maternal race/ethnicity and nativity information such 

that a mother self-identified as non-Hispanic white or Asian.  We excluded all mothers that 

reported any Hispanic ethnicity, regardless of their race, and all mothers of other or unknown 

race (n=1,235,871).  For inclusion, a plausible gestational age (21-46 weeks inclusive) and birth 

weight (500-6800g inclusive) must be available in birth certificate records. Among these, we 

identified children with a primary AD diagnosis at 36 to 71 months of age during 1998-2009 at 

one of seven regional centers contracted by the California Department of Developmental 



 125 

Services (DDS).  Out of 10,821 DDS records of children with autism we were able to link 8,600 

(79.5% of all cases) to their respective birth records using a probabilistic linkage program, as 

described previously (14). The main reason for non-linkage of 2,221 DDS records was 

missing/incomplete information on the birth or DDS record.  In total, 2,532 had a primary 

diagnosis of AD who also met the inclusion criteria.  

Based on mother’s self-reported race, ethnicity, and place of birth on the birth certificate, 

we created two groups: U.S.-born non-Hispanic white (from hereon “white”), non-Hispanic 

Asian/P.I. (hereon “Asian”).   We further divided Asian mothers as U.S-born or foreign-born.  

Although birth certificates collect Asian ethnic ancestry from U.S.-born mothers, separate 

investigation of specific U.S.-born Asian subgroups was not possible due to small numbers 

across groups.  However, the highest proportions were of Filipino (23.1%), Japanese (20.0%), 

Pacific Islander (15.4%), and Chinese (12.7%) descent.  We examined the five subgroups of 

foreign-born Asian mothers who represented the largest immigrant groups in the 12-year period 

for whom country of origin was available on the birth certificate: China, Japan, Korea, 

Philippines, and Vietnam. The final cohort consisted of children of 236,347 U.S.-born white, 

21,678 U.S.-born Asian, and 143,066 foreign-born Asian mothers.  

In Los Angeles, referrals to the regional centers are assigned according to residential 

address and are usually made by pediatricians, other clinical providers, and schools, but parents 

may also self-refer their children.  During the study period, DDS services were available to all 

children irrespective of socioeconomic status, type of health insurance, or immigration status.  

The diagnosis of AD was based on the Diagnostic and Statistical Manual of Mental Disorders 

(DSM IV-R code 299.00) as reported on the Client Development Evaluation Report (CDER) 

(American Psychiatric Association 2000). Validation studies have established the reliability and 
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validity of the CDER in California (California Department of Developmental Services 2007; 

State of California Health and Welfare Agency: Department of Developmental Services 1986). 

We also identified a subgroup of children with AD and a comorbid diagnosis of mental 

retardation (AD-MR) (ICD-9-CM code: 317-mild, 318.0-moderate, 318.1-severe, 318.2-

profound, 319-MR unspecified). To investigate language and behavior heterogeneity, we 

restricted assessments to 5-year olds, which reduces differences related to age dependent 

development.  Using DDS evaluation records, we grouped children with AD with either 

“impaired” or “less impaired” expressive language (AD-impaired expressive language: the child 

does not use words, says simple words, or says two-word sentences; AD-less impaired 

expressive language: the child uses sentences of 3 words or more or at least can engage in basic 

conversation).  We also categorized children as having “severe” or “less severe” outbursts (AD-

severe outbursts: the child has daily or weekly tantrums requiring restraint; AD-less severe 

outburst: child has no tantrums, weekly, or less than weekly tantrums without needing restraint). 

Also, we grouped children with varying combinations of expressive language and behavior 

deficits to gauge the overall risk of more severe autistic types.  

We used unconditional logistic regression to estimate risk of autism in offspring of U.S.-

born or foreign-born Asian subgroups using U.S.-born white mothers as the reference group.  We 

estimated crude and adjusted relative risks (RRs) and 95% confidence intervals for the following 

outcomes: AD, AD-MR, AD-impaired expressive language, AD-less impaired expressive 

language, AD-severe outbursts, and AD-less severe outbursts.   

To examine the influence of other autism risk factors likely to vary between race/ethnic 

groups and by nativity we present several adjusted models (15–19).  Models were first adjusted 

by maternal age (<18, 19-25, 26-30, 31-35, >35).  Second, they were additionally adjusted by 
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child’s sex (male, female), birth year (1995-2006), type of birth (single, twin+), parity (one, two, 

three, >three), gestational age (<37weeks, >37 weeks), birth weight (<2500g, 2500-4500g, 

>4500g), which trimester prenatal care began (no prenatal care, 1st trimester, 2nd trimester, 3rd 

trimester), and pregnancy complications (any of the following: hypertension, renal, lung, or 

cardiac disease, asthma, pyelonephritis, diabetes, gestational diabetes, RH sensitivity, 

hemoglobinopathy, uterine bleeding, hydramnios, incomplete cervix, STDs, hepatitis B, rubella, 

other infections, tobacco use during pregnancy, and large fibroids). Third, models were 

additionally adjusted for maternal education (<high school, high school, >high school) and 

insurance type [Medi-Cal, private insurance, other (which included self-pay and other 

governmental programs such as CHAMPUS)]; previously observed to be a reasonable proxy for 

socioeconomic status (20). Finally, to consider possible diagnostic variability we controlled for 

regional center, which is assigned to children according to their residential address of which can 

also be related to the general geographic areas where certain racial/ethnic and immigration 

groups settle. 

This research was approved by the University of California Los Angeles Office of the 

Human Research Protection Program and the California Committee for the Protection of Human 

Subjects. 

Results 

U.S.-born Asian and foreign-born mothers from the Philippines had the highest 

proportions of preterm births (Table 6-1).  Filipino women also had the highest prevalence of 

pregnancy complications, particularly from diabetes, while other foreign-born Asians had fewer 

pregnancy complications in comparison to U.S.-born whites.  Vietnamese women reported fewer 

years of formal education and were more likely to have had prenatal care paid by Medi-Cal.  
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The mean age of children entering the DDS system varied by 6 months across groups, 

with the children identified the earliest more likely to be from U.S.-born Asian mothers (Table 6-

2).  Overall, U.S- and foreign-born Asian mothers’ risks of having a child with autism was the 

same as that of U.S.-born whites. However, when considering Asian immigrants and their 

different countries of origin, children of mothers born in the Philippines and Vietnam were at 

25% and 43% higher risk, respectively, while children of mothers born in China and Japan were 

at ~30% reduced risk compared to whites. Further investigation of Filipino and Chinese U.S.-

born Asian mothers demonstrated consistent, yet less stable, relative risks for autism in offspring 

comparable to their foreign-born counterparts (not shown).  However, a similar risk in U.S.-born 

Japanese compared to U.S.-born whites was found (not shown).   

Autistic Disorder – Mental Retardation  

We identified a total of 238 children with AD-MR.  The mean age of children identified 

with both AD and MR varied by 10 months across groups, with children of foreign-born 

Korean’s identified the earliest and of the Philippines the latest (Table 6-3).  In aggregate, 

foreign-born Asian women were at increased risk of having a child with AD-MR compared to 

U.S.-born white women, an increase driven by children born to women who immigrated from the 

Philippines and Vietnam.  

Autistic Disorder by Expressive Language Skills  

We identified a total of 739 5-year old children with impaired expressive language 

documented with their AD diagnosis and 733 with less impaired expressive language (Table 6-

4).  Compared to children born to U.S.-born white women, offspring of all subgroups of Asian 

mothers were at higher risk of having an AD phenotype with impaired expressive language, 

though Chinese and Japanese offspring estimates had wider confidence intervals.  Though most 
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groups of children from foreign-born Asian mothers were less likely to be identified with less 

impaired expressive language, children of U.S.-born Asian and foreign-born Vietnamese mothers 

had similar risks to offspring of U.S.-born whites. 

Autistic Disorder by Severity of Emotional Outbursts 

We identified a total of 442 5-year old children who had AD with severe emotional 

outbursts, and 1,026 with AD-less severe outbursts (Table 6-5).  Children of most maternal 

Asian subgroups were at similar risk of AD with both severe and less severe outbursts than U.S.-

born whites.  However, Vietnamese and Filipino offspring had a higher risk of AD with less 

severe outbursts. 

The risk for having a child with both impaired expressive language and severe emotional 

outbursts was highest for immigrant Korean (RR=1.82, CI=1.05, 3.16), Filipino (RR=1.88, 

CI=1.24, 2.71), and Vietnamese (RR=2.05, CI=1.26, 3.33) mothers compared to U.S.-born 

whites (Supplemental Table 6-6).   

Discussion 

We observed that mothers who immigrated from the Philippines or Vietnam were at 

increased risk not only of having a child with AD, but also of having a child with lower 

functioning due to comorbid mental retardation.  Although one previous U.S. study observed 

children of Asian mothers were at increased risk of having a primary MR diagnosis compared to 

whites, that study did not examine families by country of origin (21).  Our findings support those 

of European studies, which observed a higher risk of autism in offspring among Asian immigrant 

parents (6,7).  In Sweden, mothers from Iran and India, had higher odds ratios for having a child 

with low-functioning autism compared to Swedish-born mothers.  Although their Asian 

immigrant population composition was different than ours, they also found a greater risk among 
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parents who migrated from regions with a low human development index (HDI), a composite 

indicator of development derived using indicators of life expectancy, education and income (7).  

Our study corroborates that children whose Asian parents migrated from the Philippines and 

Vietnam, countries with lower HDIs (http://hdr.undp.org/en/data/trends), were at higher risk.   

To understand the different autism risks among Asian subgroups in the U.S., it may be 

important to consider the experiences and historical context under which members of different 

Asian groups entered the U.S.  Chinese immigrant women who gave birth during the period of 

study likely migrated between the early 1980’s and early 1990’s after China opened its economy 

and allowed travel (22).  After political, economic, and demographic transitions starting in the 

late 1980’s, Japanese and Korean people also began to migrate for economic opportunities (23).  

A possible explanation for the relatively low autism risk in offspring of Chinese and Japanese 

mothers may lie in the social and economic advantages they have in the U.S., given their longer 

history of settlement groups in the U.S. in comparison to other Asian groups which could have 

given them a quality of life and health advantage (24).  Koreans, though historically a newer 

immigrant group, may have cultural norms and values that promote their overall health that may 

also be protective of adverse childhood conditions such as autism (25).  

Vietnamese immigrants mostly came to the U.S. between 1975 and 1985 as refugees of 

the Vietnam War (26).  A high prevalence of psychiatric disorders, i.e. posttraumatic stress 

disorder, generalized anxiety disorder, and depression, have been identified among refugees from 

war and are considered risk factors for low-functioning autism in offspring (27–34).  Thus 

effects from war-related trauma among Vietnamese refugees may have played a role in autism 

among their U.S.-born offspring.  Information about autism prevalence in low or low-middle 

income countries like Vietnam and the Philippines is very limited, though autism is reportedly on 
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the rise in Vietnam (4,35).  This makes it difficult to assess whether the observed autism risk is a 

migratory phenomenon due to either selective migration of people predisposed to having a child 

with autism or an increase in risk due to migration circumstances.   

Women from the Philippines likely immigrated to the U.S. as the children of skilled 

workers who came to the U.S. post-1965 under new immigration policies (36).  The higher 

autism risks were consistent between offspring of U.S.- and foreign-born Filipino mothers (data 

not shown) thus making it likely that shared cultural norms may play a bigger role than 

immigration-related factors in this group.  Though, due to small sample size, it is unknown 

whether severity of autism would persist in the U.S.-born Filipino population.   

Another possible explanation for the observed association between country of origin in 

Asia and risk for AD might be the role of culture-specific nutrition since diets low in 

preconception intake of folic acid recently may play a role in childhood autism (37,38).  A 

population-based, prospective Norwegian Cohort Study reported autism prevalence of 0.10% 

among children born to mothers who took folic acid supplements around the time of conception 

compared with 0.21% in those who did not take folic acid (38).  A California study reported 

similar results for folic acid intake in the first month of pregnancy and autism risk (37).  

Although differences may be explained by variation in diet across cultures, it is more plausible 

that women born in low-income countries may have diets with micronutrient deficiencies during 

pregnancy.  In the Philippines, Vietnam, and Cambodia, a high prevalence of anemia and 

micronutrient deficiencies (median intake of 38.4% of the recommended nutrient intake for iron, 

zinc, vitamin A and folic acid) was observed among women of reproductive age, necessitating 

the implementation of preventive iron-folic acid supplementation programs (39,40).  In 
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comparison, in China, folic acid deficiency in pregnant women is less common in the southern 

regions where the majority of U.S. immigrants from China originate (22,41).   

Regardless of country of origin, offspring of Asian women were at higher risk of AD 

with impaired expressive language.  However, ascertainment bias or differential misclassification 

may occur due to language barriers between foreign-born non-English speaking parents and 

evaluation personnel.   Though more recent efforts are being made to increase the diversity of 

languages by key service providers, it is likely that many were monolingual English speakers 

during the period under investigation. Underutilization of formal health services has been 

reported in Asian populations, particularly among the Chinese (42,43).  However, there is 

sufficient evidence that among children of Vietnamese mothers their higher risk of severe autism 

indicates true higher risks than U.S.-born white mothers as they also displayed similar risk of 

less impaired expressive language, higher risk of both severe and less severe emotional outburst 

behavior.   

An important strength of our study was our ability to observe autism risk heterogeneity in 

offspring of specific Asian subgroups of mothers through a large and diverse dataset.  Though 

our sample size did not allow us to validate diagnoses, the diagnostic stability of autism is good, 

i.e. diagnostic consistency for ASD between ages 2 and 9 years is 90 percent (44,45).  Although 

expressive language skills and social-emotional behavior also relied on caregiver report, and we 

report on the most up-to-date information for 5-year olds, the parent interview is as critical as 

direct child observation and diagnostic evaluations (46).  However, it is possible that social 

cultural norms vary with regard to language and behaviors that may have contributed to under 

ascertainment of milder cases among Asian groups.  Our study looked at a young group of 

children (3 to 5 years) with a strict diagnosis of AD, and not the larger spectrum.  Thus these 
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families may have been more proactive overall in getting services early and their children’s 

condition less likely to go unnoticed, which may not be representative of children identified at 

later ages.   

Although our results provide us with clues for understanding autism differences with 

respect to the largest Asian origin population groups in the US, a limitation of this study is that 

we could not operationalize many pathophysiological factors limited by our use of vital statistics 

data.  Despite this, the present research highlights the importance for future investigations of 

autism in Asian populations, which have not been adequately recognized in the literature.  

Studies should focus on dietary risk and protective factors in specific Asian subgroups, 

psychiatric disorders in refugee parents, in addition to systematic investigation of Asian 

immigrants who continue to arrive in the U.S. by tracking their adoption of the new culture will 

provide further direction in autism etiology.   
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Table 6-1. Distribution of demographic and prenatal characteristics by maternal Asian subgroups    

  

USB White 

(236,347)       

n (%)  

USB 

Asian/PI 

(21,678)         

n (%) 

China 

(29,666)         

n (%) 

Japan   

(5,815)            

n (%) 

Korea  

(22,206)          

n (%) 

Phillipines  

(35,306)       

n (%) 

Vietnam 

(19,287)          

n (%) 

Sex of child         

Males 121381 (51.4) 11236 (51.8) 15510 (52.3) 2966 (51.0) 11563 (52.1) 18289 (51.8) 10084 (52.3) 

Females 114966 (48.6) 10442 (48.2) 14155 (47.7) 2849 (48.9) 10643 (47.9) 17017 (48.2) 9203 (47.7) 

Gestational 

Time         

Preterm (<37 

weeks) 23438 (9.9) 2505 (11.6) 2282 (7.7) 412 (7.1) 1525 (6.9) 4225 (12.0) 2069 (10.7) 

Term (>37 

weeks) 212909 (90.1) 19173 (88.4) 27384 (92.3) 5403 (92.9) 

103312 

(83.8) 8782 (87.0) 17218 (89.3) 

Birthweight         

LBW (<2500g) 14678 (6.2) 1765 (8.1) 1609 (5.4) 419 (7.2) 1042 (4.7) 2782 (7.9) 1247 (6.5) 

NBW (>2500g, 

<4500g) 217495 (92.0) 19718 (91.0) 27866 (93.9) 5383 (92.6) 21004 (94.6) 32299 (91.5) 17946 (93.0) 

Macrosomia 

(>4500g) 4174 (1.8) 195 (0.9) 191 (0.6) 13 (0.2) 160 (0.7) 225 (0.6) 94 (0.5) 

Maternal Characteristics        

Maternal age at 

delivery 

(years)          

<18  5746 (2.4) 1146 (5.3) 35 (0.1) 7 (0.1) 36 (0.2) 458 (1.3) 95 (0.5) 

19 - 25 42116 (17.8) 5107 (23.6) 1838 (6.2) 350 (6.0) 1348 (6.1) 6057 (17.2) 2470 (12.8) 

26 -30 58701 (24.8) 5083 (23.4) 8370 (28.2) 1550 (26.7) 8464 (38.1) 10036 (28.4) 6575 (34.1) 

31 - 35 75587 (32.0) 6388 (29.5) 12376 (41.7) 2399 (41.3) 8953 (40.3) 11146 (31.6) 6779 (35.2) 

>35 54190 (22.9) 3954 (18.2) 7047 (23.8) 1509 (26.0) 3405 (15.3) 7608 (21.5) 3368 (17.5)  

missing 7 (0.0) 0 0 0 0 1 (0.0) 0 

Maternal 

education          

<highschool 15925 (6.7) 1620 (7.5) 2329 (7.9) 97 (1.7) 268 (1.2) 1327 (3.8) 5693 (29.5) 

highschool 49673 (21.0) 3802 (17.5) 4996 (16.8) 3237 (14.6) 3237 (14.6) 4448 (12.6) 4397 (22.8) 

>highschool 169129 (71.6) 16097 (74.3) 22076 (74.4) 

18528 

(83.4) 18528 (83.4) 29342 (83.1) 9009 (46.7) 

unknown 1620 (0.7) 159 (0.7) 265 (0.9) 173 (0.8) 173 (0.8) 189 (0.5) 188 (1.0)  

Prenatal Characteristics        

Type of birth         

Single 225931 (95.6) 20902 (96.4) 28887 (97.4) 5639 (97.0) 21660 (97.5) 34618 (98.0) 18860 (97.8) 

Multiple 10416 (4.4) 776 (3.6) 779 (2.6) 176 (3.0) 546 (2.5) 688 (2.0) 427 (2.2) 

Start of prenatal care        

none 880 (0.4) 106 (0.5) 18 ((0.1) 5 (0.1) 23 (0.1) 103 (0.3) 30 (0.2) 

1st trimester 219645 (92.9) 19347 (89.2) 27338 (92.2) 5401 (92.9) 20692 (93.2) 31230 (88.5) 17942 (93.0) 

2nd trimester 13438 (5.7) 1832 (8.5) 1677 (5.6) 335 (5.8) 1129 (5.1) 3401 (9.6) 1060 (5.5) 

3rd trimester 1927 (0.8) 344 (1.6) 420 (1.4) 54 (0.9) 299 (1.3) 501 (1.4) 144 (0.7) 
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Table 6-1 continued. Distribution of demographic and prenatal characteristics by maternal Asian 

subgroups    

  

USB White 

(236,347)       

n (%)  

USB 

Asian/PI 

(21,678)         

n (%) 

China 

(29,666)         

n (%) 

Japan   

(5,815)            

n (%) 

Korea  

(22,206)          

n (%) 

Phillipines  

(35,306)       

n (%) 

Vietnam 

(19,287)          

n (%) 

unknown 457 (0.2) 49 (0.2) 213 (0.7) 20 (0.3) 63 (0.3) 71 (0.2) 111 (0.6) 

Insurance Type         

Public (Medi-

Cal) 35489 (15.0) 4036 (18.6) 5771 (19.4) 655 (11.2) 6369 (28.7) 8662 (24.5) 6170 (32.0) 

Private 193373 (81.8) 16958 (78.2) 17755 (59.9) 4569 (78.6) 12880 (58.0) 25266 (71.6) 12258 (63.5) 

other 5648 (2.4) 441 (2.0) 5688 (19.2) 558 (9.6) 2848 (12.8) 1010 (2.9) 538 (2.8) 

unknown 1837 (0.8) 243 (1.2) 452 (1.5) 33 (0.6) 109 (0.5) 368 (1.0) 321 (1.7) 

Parity         

one (index 

birth) 105618 (44.7) 11105 (51.2) 15165 (51.1) 3213 (55.2) 11185 (50.4) 15539 (44.0) 8937 (46.3) 

two 79000 (33.4) 6853 (31.6) 11418 (38.5) 1944 (33.4) 8318 (37.5) 11983 (33.9) 6870 (35.6) 

three 33477 (14.2) 2510 (11.6) 2595 (8.8) 511 (8.8) 2322 (10.5) 5521 (15.7) 2408 (12.5) 

>three 18205 (7.7) 1208 (5.6) 483 (1.6) 147 (2.5) 379 (1.7) 2260 (6.4) 1071 (5.6) 

unknown 47 (0.0) 2 (0.0) 5 (0.0) 0 2 (0.0) 3 (0.0) 1 (0.0) 

Previous miscarriage        

none 190094 (80.4) 18255 (84.2) 26063 (87.8) 4970 (85.5) 18717 (84.3) 30447 (86.2) 17005 (88.2) 

one 32676 (13.8) 2628 (12.1) 2603 (8.8) 654 (11.3) 2507 (11.3) 3742 (10.6) 1788 (9.3) 

two 9075 (3.9) 566 (2.6) 725 (2.4) 141 (2.4) 731 (3.3) 841 (2.4) 379 (2.0) 

>three 4432 (1.9) 27 (1.1) 270 (0.9) 48 (0.8) 248 (1.1) 261 (0.8) 115 (0.6) 

unknown 70 (0.0) 2 (0.0) 5 (0.0) 2 (0.0) 3 (0.0) 5 (0.0) 0 

Previous 

stillborn         

none 233773 (98.9) 21478 (99.1) 29460 (99.3) 5776 (99.3) 21979 (99.0) 9911 (98.2) 34917 (98.9) 

>1 2506 (1.1) 197 (0.9) 201 (0.7) 37 (0.6) 223 (1.0) 177 (1.8) 384 (1.1) 

unknown 68 (0.0) 3 (0.0) 5 (0.0) 2 (0.0) 4 (0.0) 5 (0.0) 5 (0.0) 

Pregnancy Complications        

All 29847 (12.6) 2322 (10.7) 1527 (5.1) 401 (6.9) 829 (3.7) 4127 (11.7) 1231 (6.4) 

Hypertension 5501 (2.3) 470 (2.2) 172 (0.6) 56 (1.0) 151 (0.7) 898 (2.5) 146 (0.8) 

Diabetes 4442 (1.9) 537 (2.5) 669 (2.3) 71 (1.2) 261 (1.2) 1647 (4.7) 496 (2.6) 

Infections 5294 (2.2) 445 (2.1) 344 (1.2) 70 (1.2) 175 (0.8) 594 (1.7) 328 (1.7) 

Smoking 5030 (2.1) 196 (0.9) 46 (0.2) 24 (0.4) 41 (0.2) 253 (0.7) 52 (0.3) 

Anemia 1067 (0.5) 79 (0.4) 43 (0.1) 11 (0.2) 23 (0.1) 110 (0.3) 31 (0.2) 

Paternal Characteristics        

Paternal age at 

delivery 

(years)         

<18 1828 (0.8) 458 (2.1) 10 (0.0) 4 (0.1) 10 (0.0) 180 (0.5) 12 (0.1) 

19 - 25 25725 (10.9) 3726 (17.2) 498 (1.7) 181 (3.1) 424 (1.9) 4151 (11.8) 665 (3.4) 

26 -30 46738 (19.8) 4336 (20.0) 4159 (14.0) 997 (17.2) 4788 (21.6) 7787 (22.1) 3316 (17.2) 

31 - 35 69375 (29.3) 6092 (28.1) 10305 (34.8) 2078 (35.7) 9632 (43.4) 9821 (27.8) 6569 (34.1) 
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Table 6-1 continued. Distribution of demographic and prenatal characteristics by maternal Asian 

subgroups    

  

USB White 

(236,347)       

n (%)  

USB 

Asian/PI 

(21,678)         

n (%) 

China 

(29,666)         

n (%) 

Japan   

(5,815)            

n (%) 

Korea  

(22,206)          

n (%) 

Phillipines  

(35,306)       

n (%) 

Vietnam 

(19,287)          

n (%) 

>35 81970 (34.7) 6082 (28.1) 14148 (47.7) 2508 (43.1) 7219 (32.5) 12224 (34.6) 7291 (37.8) 

unknown 10711 (4.5) 984 (4.5) 546 (1.8) 47 (0.8) 133 (0.6) 1143 (3.2) 1434 (7.4) 

Paternal 

education level         

<highschool 11735 (5.0) 1190 (5.5) 1923 (6.5) 114 (2.0) 183 (0.8) 1315 (3.7) 3109 (16.1) 

highschool 51354 (21.7) 4268 (19.7) 4009 (13.5) 829 (14.3) 2433 (11.0) 5662 (16.0) 4866 (25.2) 

>highschool 160721 (68.0) 15032 (69.3) 22855 (77.0) 4769 (82.0) 19268 (86.8) 26878 (76.1) 9584 (49.7) 

unknown 12537 (5.3) 1188 (5.5) 879 (3.0) 103 (1.8) 322 (1.4) 1451 (4.1) 1728 (9.0) 

Paternal race/ethnicity        

Concordant 211575 (89.5) 11860 (54.7) 26627 (89.8) 3854 (66.3) 20396 (91.9) 26240 (74.3) 16527 (85.7) 

Discordant 15597 (6.6) 8943 (41.3) 2530 (8.5) 1921 (33.0) 1692 (7.6) 8038 (22.8) 1473 (7.6) 

unknown 9175 (3.9) 875 (4.0) 509 (1.7) 40 ((0.7) 118 (0.5) 1028 (2.9) 1287 (6.7) 

USB: U.S.-born 

FB: Foreign-born         

Note: not all foreign-born Asians are presented in this table          
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Table 6-2. Associations Between Maternal Nativity among Asians and Autistic Disorder in Los Angeles County 

Maternal 

race/ethnicity 

and nativity 

Mean 

age 

(years) at 

diagnosis 

(SD) case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births) 

Crude Risk Ratio 

(RR)              

(95% CI) 

Maternal Age 

Adjusted Risk 

Ratio (RR)                   

(95% CI) 

Adjusted Risk 

Ratio
a 
            

(RR)               

(95% CI) 

Adjusted Risk 

Ratio
b 
            

(RR)               

(95% CI) 

Additionally 

Adjusted by 

Regional Center 

(RR) (95% CI) 

 

White          

U.S.-born 3.4 (0.9) 1477/236347 62.5 1.00 1.00 1.00 1.00 1.00 

Asian/P.I           

U.S.-born 3.1 (0.8) 138/21678 63.7 1.02 (0.85, 1.21) 1.08 (0.91, 1.29) 1.03 (0.86, 1.22) 1.02 (0.85, 1.21) 1.04 (0.87, 1.24) 

Foreign-born 3.5 (0.9) 917/143066 64.1 1.03 (0.94, 1.11) 1.01 (0.93, 1.10) 0.98 (0.90, 1.06) 1.04 (0.95, 1.13) 1.02 (0.93, 1.11) 

 China 3.5 (0.9) 145/29666 48.9 0.78 (0.66, 0.93) 0.74 (0.62, 0.87) 0.66 (0.56, 0.79) 0.74 (0.62, 0.89) 0.69 (0.57, 0.83) 

Japan 3.2 (0.7) 29/5815 49.9 0.82 (0.57, 1.18) 0.76 (0.53, 1.09) 0.71 (0.49, 1.02) 0.72 (0.50, 1.04) 0.70 (0.48, 1.03) 

Korea 3.4 (0.9) 136/22206 61.2 0.98 (0.82, 1.16) 0.98 (0.82, 1.18) 0.92 (0.77, 1.10) 0.95 (0.80, 1.14) 0.97 (0.81, 1.17) 

 Philippines 3.5 (1.0) 266/35306 75.3 1.21 (1.06, 1.37) 1.21 (1.06, 1.37) 1.23 (1.08, 1.40) 1.23 (1.08, 1.41) 1.25 (1.09, 1.43) 

 Vietnam 3.6 (0.9) 179/19287 92.8 1.48 (1.27, 1.74) 1.49 (1.27, 1.74) 1.45 (1.24, 1.70) 1.58 (1.35, 1.86) 1.43 (1.21, 1.68) 

a
 Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight, trimester start of prenatal care, and pregnancy 

complications 
 

b  
Additionally adjusted for maternal education and insurance type 
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Table 6-3.  Associations Between Maternal Nativity Among Asians and Autistic Disorder With Comorbid Mental Retardation in Los Angeles County  

Maternal 

race/ethnicity 

and nativity 

Mean 

age 

(years) at 

diagnosis 

(SD) case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births) 

Crude Risk Ratio      

(RR)              

(95% CI) 

Maternal Age 

Adjusted Risk 

Ratio             

(RR)                   

(95% CI) 

Adjusted Risk 

Ratio
a 
               

(RR)                  

(95% CI) 

Adjusted Risk 

Ratio
b
            

(RR)               

(95% CI) 

Additionally 

Adjusted by 

Regional Center 

(RR) (95% CI) 

 

White          

U.S-born 3.2 (0.8) 122/236347 5.2 1.00 1.00 1.00 1.00 1.00 

Asian/P.I.           

U.S.-born 3.6 (1.1) 14/21678 6.5 1.25 (0.72, 2.18) 1.30 (0.75, 2.26) 1.31 (0.75, 2.27) 1.30 (0.75, 2.27) 1.48 (0.85, 2.58) 

Foreign-born  3.6 (0.9) 102/143066 7.1 1.38 (1.06, 1.80) 1.35 (1.04, 1.76) 1.36 (1.04, 1.77) 1.41 (1.08, 1.84) 1.66 (1.26, 2.18) 

 China 3.6 (1.0) 19/29666 6.4 1.24 (0.76, 2.01) 1.19 (0.74, 1.94) 1.19 (0.73, 1.93) 1.25 (0.76, 2.05) 1.40 (0.84, 2.35) 

Japan 3.7 (0.3) 2/5815 3.4 0.67 (0.16, 2.69) na na na na 

Korea 3.0 (0.5) 6/22206 2.7 0.52 (0.23, 1.19) na na na na 

 Philippines 3.8 (1.0) 35/35306 9.9 1.92 (1.32, 2.80) 1.90 (1.31, 2.77) 1.92 (1.31, 2.80) 1.98 (1.36, 2.90) 2.27 (1.54, 3.34) 

 Vietnam 3.6 (0.9) 20/19287 10.4 2.01 (1.25, 3.22) 1.96 (1.22, 3.15) 1.96 (1.22, 3.16) 2.07 (1.28, 3.35) 2.45 (1.50, 4.01) 

a
 Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight,, trimester start of prenatal care, and pregnancy 

complications 
 

b  
Additionally adjusted for maternal education, and insurance type 

 



 139 

 

 

 

 

 

 

Table 6-4. Associations Between Maternal Nativity among Asians and Autistic Disorder By Expressive Language Ability at 5 Years of Age 

(n=330,831) 

  Impaired Expressive Language  Less Impaired Expressive Language  

Maternal 

race/ethnicity 

and nativity 

case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births) 

Crude Risk Ratio      

(RR)              

(95% CI) 

Adjusted Risk 

Ratio
a
            

(RR)                 

(95% CI) 

case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births)  

Crude Risk Ratio      

(RR)              

(95% CI) 

Adjusted Risk 

Ratio
a 
             

(RR)                 

(95% CI) 

White            

U.S-born  349/197992 17.6 1.00 1.00 509/197992 25.7 1.00 1.00 

Asian/P.I.           

U.S.-born  42/16886 24.9 1.31 (0.95, 1.81) 1.34 (0.97, 1.86) 42/16886 24.9 0.97 (0.71, 1.33) 1.01 (0.74, 1.39) 

Foreign-born  348/115953 30.0 1.65 (1.42, 1.91) 1.58 (1.35, 1.84) 182/115953 15.7 0.61 (0.51, 0.72) 0.66 (0.55, 0.79) 

China 56/23536 23.8 1.28 (0.96, 1.70) 1.06 (0.78, 1.42) 38/23536 16.1 0.63 (0.45, 0.87) 0.61 (0.43, 0.87) 

Japan  13/4646 28.0 1.51 (0.87, 2.63) 1.34 (0.75, 2.40) 5/4646 10.8 0.42 (0.17, 1.01) na 

Korea  54/17766 30.4 1.65 (1.24, 2.19) 1.82 (1.34, 2.43) 20/17766 11.3 0.44 (0.28, 0.68) 0.52 (0.33, 0.81) 

Philippines 94/28901 32.5 1.80 (1.43, 2.26) 1.86 (1.48, 2.34) 55/28901 19.0 0.74 (0.56, 0.98) 0.82 (0.62, 1.10) 

Vietnam 73/16070 45.4 2.56 (1.99, 3.30) 2.06 (1.58, 2.70) 34/16070 21.1 0.82 (0.58, 1.16) 0.96 (0.67, 1.37) 
a
 Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight,, trimester start of prenatal care, pregnancy 

complications, maternal education, insurance type, regional center  
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Table 6-5.  Associations Between Maternal Nativity among Asians and Autistic Disorder By Severity of Emotional Outburst Behavior at 5 Years of 

Age (n=330,831) 

  Severe Emotional Outbursts Less Severe Emotional Outbursts  

Maternal 

race/ethnicity 

and nativity 

case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births)  

Crude Risk Ratio           

(RR)              

(95% CI) 

Adjusted Risk 

Ratio
a 
            

(RR)                 

(95% CI) 

case/cohort 

Avg. 

Crude 

Rate 

(per 

10,000 

births) 

Crude Risk Ratio      

(RR)              

(95% CI) 

Adjusted Risk 

Ratio
a
             

(RR)                 

(95% CI) 

White           

U.S-born  272/197992 13.7 1.00 1.00 586/197992 29.6 1.00 1.00 

Asian/P.I.           

U.S.-born 26/16886 15.4 1.12 (0.75, 1.68) 1.18 (0.79, 1.77) 57/16886 33.8 1.14 (0.87, 1.50) 1.11 (0.84, 1.46) 

Foreign-born  144/115953 12.4 0.90 (0.74, 1.11) 0.97 (0.78, 1.19) 383/115953 33.0 1.12 (0.98, 1.27) 1.07 (0.93, 1.22) 

China 25/23536 10.6 0.77 (0.51, 1.16) 0.71 (0.46, 1.11) 68/23536 28.9 0.98 (0.76, 1.25) 0.79 (0.61, 1.03) 

Japan 3/4646 6.5 0.47 (0.15, 1.47) na 15/4646 32.3 1.09 (0.65, 1.82) 0.84 (0.48, 1.45) 

Korea 22/17766 12.4 0.90 (0.58, 1.39) 1.13 (0.73, 1.76) 51/17766 28.7 0.97 (0.73, 1.29) 0.99 (0.74, 1.33) 

Philippines 40/28901 13.8 1.01 (0.72, 1.40) 1.11 (0.79, 1.55) 108/28901 37.4 1.26 (1.03, 1.55) 1.29 (1.05, 1.59) 

Vietnam 29/16070 18.0 1.31 (0.89, 1.93) 1.22 (0.81, 1.84) 78/16070 48.5 1.64 (1.29, 2.08) 1.53 (1.19, 1.96) 

a
 Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight,, trimester start of prenatal care, pregnancy 

complications, maternal education, insurance type, and regional center 
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Supplemental Table 6-6.  Associations Between Maternal Nativity among Asians and Autistic Disorder With Combined Levels of Impairment in Expressive 

Language and Severity of Emotional outbursts at 5 Years of Age (n=330,831) 

Maternal 

race/ethnicity 

and nativity 

Impaired Language &        

Severe Outbursts 

Impaired Language &           

Less Severe Outbursts 

Less Impaired Language &         

Severe Outbursts 

Less Impaired Language & Less 

Severe Outbursts 

case/cohort 

Adjusted Risk 

Ratioa             

(RR)                 

(95% CI) 
case/cohort 

Adjusted Risk 

Ratioa            

(RR)                 

(95% CI) case/cohort 

Adjusted Risk 

Ratioa             

(RR)                 

(95% CI) 

case/cohort 

Adjusted Risk 

Ratioa             

(RR)                 

(95% CI) 

White               

U.S-born 109/197992 1.00 240/197992 1.00 163/197992 1.00 344/197992 1.00 

Asian/P.I.               

U.S.-born 15/16886 1.67 (0.97, 2.87) 27/16886 1.20 (0.80, 1.81) 11/16886 0.86 (0.46, 1.58) 30/16886 1.06 (0.73, 1.54) 

Foreign-born 105/115953 1.65 (1.25, 2.18) 240/115953 1.51 (1.26, 1.82) 39/115953 0.48 (0.33, 0.69) 143/115953 0.74 (0.61, 0.91) 

China 18/23536 1.23 (0.72, 2.10) 37/23536 0.94 (0.65, 1.36) 7/23536 0.34 (0.15, 0.79) 31/23536 0.73 (0.49, 1.07) 

Japan 2/4646 na 11/4646 1.60 (0.85, 3.02) 1/4646 na 4/4646 na 

Korea 15/17766 1.82 (1.05, 3.16) 38/17766 1.72 (1.21, 2.45) 7/17766 0.66 (0.30, 1.42) 13/17766 0.47 (0.27, 0.82) 

Philippines 28/28901 1.88 (1.24, 2.87) 65/28901 1.81 (1.37, 2.39) 12/28901 0.58 (0.32, 1.06) 43/28901 0.94 (0.68, 1.30) 

Vietnam 23/16070 2.05 (1.26, 3.33) 50/16070 2.05 (1.48, 2.83) 6/16070 0.55 (0.24, 1.27) 28/16070 1.14 (0.76, 1.72) 

a
 Adjusted for maternal age, type of birth, parity, infant sex, year of birth, gestational age, birth weight,, trimester start of prenatal care, pregnancy 

complications, maternal education, insurance type, and regional center 
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Chapter 7: Summary and Public Health Relevance 

Strengths and Limitations 

This study was a large population-based case-control study, an efficient design with 

regard to time and cost for studying autism.  Given the low incidence of autistic disorder and 

time to disease diagnosis (3-13 years), a cohort study would have been less efficient in 

comparison.  However, because differential diagnosis of autism is an issue, especially in low 

versus high socioeconomic groups, potential ascertainment bias is a limitation in our study.  

Thus, another limitation of this study was our inability to validate diagnosis of autistic disorder 

and our dependence on government-based birth and autism data that can sometimes be flawed 

with measurement error without continuous quality control.  Also, we were unable to identify 

children who moved outside of LA County after birth limiting associations with autism to 

children who were both born and diagnosed within the county.  

A strength of this study was the variability in the independent variables under study, such 

that Los Angeles County is an ethnically diverse geographic area highly dependent on cars and 

freeways that allowed us to explore heterogeneity in air pollution, maternal race/ethnicity and 

nativity and associations with autism.  The design of the first study matching controls to cases 

based on child’s sex and birth year, including length of gestation, assured appropriate 

comparison of air pollution exposure between cases and controls.  Since personal measurements 

are too costly and logistically difficult to obtain for large population-based epidemiologic 

studies, especially over time periods longer than 48 hours needed for pregnancy studies, the land-

use regression analysis was a good spatially refined method to estimate traffic-related air 

pollution with good predictive value.  However, because air pollution is a mixture of gases, 

particles, and air toxics, which are often correlated due to common sources, we could not 
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definitively say that any one pollutant within the mix caused autism.  Similarly, we could not 

operationalize pathophysiological hypotheses for autistic phenotypes in the second and third 

study as we focused on maternal race/ethnicity and nativity as the independent variables.  

Public Health Relevance 

This research identified risk factors for autism in Los Angeles County and allowed us to 

give attention to an ethnically diverse population.  The literature demonstrates little evidence 

regarding heterogeneity in autism risk by maternal race/ethnicity and nativity, and by indicators 

of environmental disparities such as exposure to air pollution.  By better understanding risk 

factors for autism, or considering that some populations fair worse with regard to risk, we hope 

to stimulate further research attention on vulnerable populations like those with higher exposure 

to traffic-related air pollution and populations of color. 

 Targeting prevention and intervention policies in racial/ethnic minorities can help toward 

the reduction of autism disparities.  First, by continuing to improve early screening programs by 

safe guarding community-based programs that promote favorable developmental outcomes in 

low socioeconomic neighborhoods can offset the educational disadvantages experienced by 

families and assure the early intervention and identification of autism in children.   Secondly, by 

eliminating harmful sources of exposures in environmentally disadvantaged neighborhoods can 

help reduce the overall incidence of autism.  Place-based interventions are one good way to 

improve the outcome of autism, and First 5 Los Angeles, a non-profit agency funded by cigarette 

taxes in the state of California, is one example of targeting programs in the most vulnerable 

communities in Los Angeles County.    By addressing gaps in services as well as guiding 

initiatives focused on healthy births, black infant health, and family development they are 

targeting intervention during pregnancy and infancy in the Los Angeles community.  The LA 
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County ‘211’ hotline also serves as a safety net for families not enrolled in high-quality early 

childhood programs for the screening of early developmental milestones.  Early Head Start, a 

federally funded health and education program for high-risk women and children, in 

collaboration with the Medi-Cal (Medicaid) program, i.e. Early and Periodic Screening, 

Diagnosis and Treatment (EPSDT), also structures child developmental screenings throughout 

their first few years of life.  The regional centers in turn serve as the primary receivers of 

referrals, and coordinators of lifelong services and supports for people with developmental 

disabilities including autism.  However, recent transitions for health insurance to have the 

primary responsibility of evaluation and treatment should be carefully monitored, as it may pose 

a challenge for new systems to maintain the progress that many community- and government-

based organizations have reached with regard to childhood developmental delays.  Thus, these 

programs and others like it should be protected as they may continue to be the best resource in 

improving autism outcomes in vulnerable communities.     

A significant gap in autism research has been the recruitment and evaluation of genetic 

risk for ASD in underserved groups.  The Autism Genetic Resource Exchange (AGRE), a non-

profit DNA repository and family registry program of Autism Speaks has mostly observed 

participation from a primarily white population, and in some instances limited the participation 

of other groups through biased exclusion practices (1,2).  However, the National Institutes of 

Health Autism Centers for Excellence program recently funded research to expand 

representation of human diversity in autism genetics and aim to fill this gap in African American 

populations (3).  Though this is a good step in the right direction, more research is needed in 

other minority populations that include immigrant families.  Preceding recruitment however 

should be focused on building community capacity, such that parent education and childhood 
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intervention programs need to be in place in order for families from underrepresented groups to 

feel supported and in turn participate in research (4).  

Future Research 

Future research of autism in the U.S. is warranted specifically in environmentally 

disadvantaged, Hispanic, black, Asian minority, and immigrant populations.  Systematic 

exploration of risk and protective factors related to living conditions in U.S. communities, as 

well as circumstances prior to migration in certain immigrant groups is needed.  Perhaps 

exploring exposures to stress, psychiatric disorders, environmental factors, dietary risk and 

protective factors, infections and immunologic profiles across race/ethnicity, immigrant and 

refugee parent subgroups may be particularly important in providing us with clues about autism 

etiology in vulnerable populations.  
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