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Abstract

U.S. national and state population-based estimates of adults living with autism spectrum disorder 

(ASD) are nonexistent due to the lack of existing surveillance systems funded to address this 

need. Therefore, we estimated national and state prevalence of adults 18–84 years living with 

ASD using simulation in conjunction with Bayesian hierarchal models. In 2017, we estimated 

that approximately 2.21% (95% simulation interval (SI) 1.95%, 2.45%) or 5,437,988 U.S. adults 

aged 18 and older have ASD, with state prevalence ranging from 1.97% (95% SI 1.55%, 2.45%) 

in Louisiana to 2.42% (95% SI 1.93%, 2.99%) in Massachusetts. Prevalence and case estimates 

of adults living with ASD (diagnosed and undiagnosed) can help states estimate the need for 

diagnosing and providing services to those unidentified.
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Introduction

In the U.S. approximately 1.5 million children ages 3–17 years have been diagnosed with 

Autisms Spectrum Disorder (ASD), a developmental disability characterized by deficits in 

social communication and interaction, as well as restricted, repetitive behaviors (Kogan 

et al. 2018; American Psychiatric Association 2013). Prevalence estimates for adults are 

unknown due to a lack of existing surveillance systems to monitor the prevalence. ASD 

is a life-long disability that can require intensive support throughout life for some but not 

all with the condition (Roux et al. 2015; Croen et al 2015; Nicolaidis et al. 2014; Murphy 

et al. 2016). Based on data from 11 surveillance sites, 1.67% of 8-year-old children have 

✉Patricia M. Dietz, pad8@cdc.gov.
Author Contributions PMD conceived of the study, wrote the manuscript except for the methods; CER provided statistical expertise 
and conducted the analysis, wrote the methods section of the manuscript; DM conducted an independent analysis for quality control, 
downloaded and prepared data for analysis, and created Figures 1 and 2; MM provided statistical and data expertise. All authors 
reviewed and approved the final manuscript as submitted and agreed to be accountable for all aspects of the work.

Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10803-020-04494-4) contains 
supplementary material, which is available to authorized users.

Disclosure The findings and conclusions in this paper are those of the authors and do not represent the official position of the Centers 
of Disease Control and Prevention.

HHS Public Access
Author manuscript
J Autism Dev Disord. Author manuscript; available in PMC 2022 May 24.

Published in final edited form as:
J Autism Dev Disord. 2020 December ; 50(12): 4258–4266. doi:10.1007/s10803-020-04494-4.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ASD (Baio et al. 2018). As children with diagnosed ASD mature into adolescence and 

early adulthood, parents, service providers, and policy makers can support them by ensuring 

necessary services for adults with ASD are available to meet the demand.

National and state-based estimates of adults living with ASD could inform planning for 

programs and services; however, no U.S. estimates currently exist. Without data on ASD in 

adults, estimates of ASD prevalence among adults can be derived from applying existing 

data to models. Modeling of estimates has been done for national prevalence of congenital 

heart disease (Gilboa et al. 2016) and state-based prevalence of hepatitis C virus (Rosenberg 

et al. 2018). We estimated national and state prevalence of adults living with ASD using 

existing state-based data for children and adjusting for higher mortality rates among persons 

with ASD.

Methods

We used unpublished ASD prevalence data from NSCH (2016–2018), published ASD 

population mortality rates, 1999–2017 U.S. mortality rates by state, age, and sex, and 

2017 population to develop an estimator of ASD prevalence and cases by state and sex, 

and nationally for 2017. For the unpublished ASD prevalence data, we calculated ASD 

prevalence for the age group 3–17 years, consistent with NSCH reports (Kogan et al 2018). 

In that study the age group 3–5 years had a prevalence of 1.97%, (95% CI 1.41–2.74) 

compared with 2.61 (95% CI 2.15–3.15) for ages 6–11 years and 2.65 (95% CI 2.27–3.10) 

for ages 12–17. A sensitivity analysis was run using data for ages 6–17 years to assess the 

effect of the choice of age group on the estimated number of adults with ASD.

Our estimator of the prevalence and cases of ASD for the ith state, jth age (year), and kth 

sex used the following equations and begins with the ages 3–17 prevalence estimate (see 

Supplemental material for derivation).

γijk
adj = Nijkρi j − 1 k

Sik
ASD

Sijk
POP (1)

ρijk
adj =

γijk
adj

Nijk
= 1

Nijk
Nijkρi j − 1 k

Sik
ASD

Sijk
POP = ρi j − 1 k

Sik
ASD

Sijk
POP (2)

where γadj is the number of ASD cases adjusted for the survival ratio of the ASD to 

population, N is the population, ρ is the ASD prevalence, survival rates for the adults with 

ASD and population are defined by S, and ρadj is the adjusted state, sex, and age (> 17) 

ASD prevalence rate. National and state estimates are obtained by summing over all ASD 

cases for ages 18–84 and then calculating the national and state ASD prevalence estimates. 

Estimates went up to age 84, reflecting the availability of general population mortality data. 

Our ASD prevalence estimator assumes that given the age 3–17 prevalence estimate, the 

prevalence decreases over time as a function of the ASD-to-population survival ratio.
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Inputs into the models (Eqs. 1, 2) are presented in Table 1. Inputs assumed to be known 

are the population and mortality rates whereas the ages 3–17 prevalence and survival ratio 

are estimated. Using simulation, we incorporate the uncertainty of the ages 3–17 prevalence 

and survival ratio estimates into the model. Our inputs include 2016–18 state-based ASD 

numbers by sex for children ages 3–17 years from the National Survey of Children’s Health 

(NSCH). NSCH is an annual, cross-sectional, complex design, address-based survey that 

collects information on the health and well-being of children ages 0–17 years using both 

web-based and paper and pencil methodologies. Children whose parents responded “yes” 

on two ASD questions were inCIuded: (1) “Has a doctor or other health care provider ever 

told you that your child has Autism or Autism Spectrum Disorder? Include diagnoses of 

Asperger’s Disorder or Pervasive Developmental Disorder (PDD)”; (2) “If yes, does this 

child currently have the condition?” We used a two-step process to estimate the ages 3–17 

ASD prevalence by state and sex. First, we used the NSCH ages 3–17 data and study design 

weights to estimate the logistic regression model regression coefficients and standard errors 

(SE) by state and sex. Our second stage used the NSCH logistic regression coefficients and 

SE in a Bayesian hierarchical meta-analysis model to estimate the partially pooled effects 

for each state and sex. Partial pooling assumes each state and sex has a different prevalence, 

but the data for all states and sex informs the prevalence estimate of each state and sex. We 

used partial pooling to reduce the influence of outliers and estimates from states with small 

numbers of observations, resulting in more statistically robust estimates (Gelman 2013). The 

2017 state populations, by sex, were obtained from the National Center for Health Statistics 

(US DHHS 2018a, b). We estimated ASD prevalence separately for males and females as 

males are known to have higher rates of ASD diagnoses than females (Kogan et al. 2018; 

Baio et al. 2018).

Standardized mortality ratio (SMR) is a relative measure of excess mortality for one group 

compared to the general population. The SMR by sex was estimated using a meta-analysis 

method based on five studies (Supplement Table 1). We used a Bayesian hierarchical 

Poisson model with the observed mortality as the outcome and the expected mortality as 

the offset (Supplemental Methods) to estimate the partially pooled overall SMR by sex. 

We assumed that the SMR was the same across states because we had no information on 

state-specific mortality rates. We also assumed the SMR did not change across age groups, 

although the majority of the mortality studies followed persons with ASD only through 

middle age.

We used simulation to estimate the 2017 national and state prevalence and 95% simulation 

interval (SI) of men and women ages 18–84 living with ASD. First, we obtained the 

mortality rate by state and sex for ages 3–17, and 18–84 by year and strata (state, sex, 

and age). Second, we obtained the U.S. 2017 population data by state, sex, and age. Next, 

we estimated ages 3–17 meta-analysis prevalence and associated SE by state and sex and 

randomly drew 10,000 samples from a normal distribution using our estimated mean and 

SE meta-analysis estimates by sex for the SMRs (see Supplemental Table 1). Next, we 

randomly drew 10,000 prevalence samples using our meta-analysis estimates by state and 

sex. Lastly, we estimate the prevalence and ASD cases by state, sex, and age using Eqs. 1 

and 2. Our simulation resulted in 10,000 estimates for the prevalence and ASD cases for age 

Class 18–84 by state and sex, and we summarize these results using the mean and 95% SI.
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The male-to-female ASD prevalence ratio (PR) was calculated by state for each simulation 

and then summarized for all 10,000 simulations with the mean and 95% SI (see Supplement 

Fig. 1).

Results

In 2017, we estimated that 2.21% (95% SI 1.95%, 2.45%) or 5,437,988 (95% SI 4,798,561; 

6,025,184) U.S. adults aged 18–84 years were living with ASD. State prevalence estimates 

ranged from 1.97% (95% SI 1.55%, 2.45%) in Louisiana to 2.42% (95% SI 1.93%, 2.99%) 

in Massachusetts (Table 2). The states with the greatest number of adults estimated to be 

living with ASD Included California (701,669 cases), Texas (449,631), New York (342,280) 

and Florida (329,131). No obvious geographic pattern for prevalence was found (Fig. 1).

The estimated U.S. ASD prevalence for females was 0.86% (95% SI 0.60, 1.09), and by 

state ranged from 0.72% (95% SI 0.41, 1.11) in Arkansas to 0.97% (95% SI 0.50, 1.45) 

in Virginia (Table 3, Fig. 2). The estimated U.S. ASD prevalence among adult males was 

higher than females, at 3.62%, (95% SI 3.14, 4.04), and state estimates ranged from 3.17% 

(95% SI 2.33, 4.19) in South Dakota to 4.01% (95% SI 3.07, 5.14) in Massachusetts (Table 

4, Fig. 2). State PRs for males versus females estimates ranged from 3.94 (95% SI 2.29, 

6.48) in South Dakota to 5.08 (95% SI 2.84, 8.78) in Arkansas (see Supplemental Table 2). 

The male-to-female prevalence difference ranged from 2.32% points (95% SI 1.40, 3.39) for 

South Dakota to 3.16% points (95% SI 2.16, 4.35) for Connecticut (see Supplemental Table 

2).

We conducted a sensitivity analysis to assess the estimated number of adults with ASD using 

the ASD estimated prevalence for the age group 6–17 years in the model compared with 

the age group 3–17 years. The estimated U.S. ASD prevalence was 2.38% (95% SI 2.10, 

2.64) using data for the age group 6–17 years in the model compared with 2.21% (95% SI 

1.95, 2.45) using data for the age group 3–17 years in the model (see Supplement for state 

estimates).

Discussion

Using existing data and adjusting for elevated mortality among persons living with ASD, 

we estimated national and state prevalence of adults 18–84 years of age living with ASD. 

Our estimate of 2.21% is higher than a study estimating ASD among adults in a community 

in England (1.0%) (Brugha et al. 2011). Our estimate may be higher because Brugha et 

al. was an empirical surveillance study conducted in one community in England among 

adults whereas the present analysis is a modeling study based on projecting prevalence from 

parent-report of children diagnosed with ASD in U.S. states to adults.

National and state ASD estimates in this analysis provide a general magnitude of the 

population of adults living with autism, but they have some important limitations. The 

prevalence of ASD among children, which was used to estimate prevalence among adults in 

our analysis, is based on parent report, which may under- or overestimate prevalence. For 

example, the estimates of ASD prevalence among children ages 3–17 years does not Include 

children with ASD who have not been diagnosed, leading to an underestimate of prevalence. 
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Conversely, it may overestimate prevalence, as parents may falsely report that their child 

was diagnosed if ASD was suspected or if the child failed a screener but did not receive a 

diagnosis.

Our assumption that the ASD prevalence among children ages 3–17 years during 2016–

2018 (born during 1999–2015) and adults (born before 1999) is similar does not account 

for the possibility of environmental or gene-environment interactions associated with ASD 

that may have changed over time. Exposure to some risk factors may have varied among 

birth cohorts. However, few risk factors have consistently been associated with ASD and 

those that have been identified have accounted for a very small percent of increases in 

diagnosed ASD (Schieve et al. 2011; Quinlan et al. 2015). One study found that changes in 

preterm delivery, small-for-gestational age, multiple births, cesarean delivery, and assisted 

reproductive technology use contributed to less than 1% of the 57% increase in ASD 

among 8-year-old children born in 1994 compared to 1998 (Schieve et al. 2011). A study 

conducted among children in New York City found that changes in maternal and paternal 

age accounted for only 2.7% of the 143% increase in ASD among children ages 0–3 from 

0.03% in 1994 to 0.43% in 2001 (Quinlan et al. 2015). The prevalence of ASD among 

adults may be equivalent to that among children in that at least one study by Brugha et al. 

2011 showed the adult prevalence was comparable to the estimated ASD prevalence among 

children at the time the study was conducted.

Limited information is available on mortality among adults with ASD. However, studies 

have shown consistently that adults with ASD have higher mortality rates than those without 

(Picket et al. 2006; Mouridsen et al. 2008; Gillberg et al. 2010; Hirvikoski et al. 2016). Most 

of the mortality studies followed persons to an average age of 30–55 years. We assumed the 

SMR remained the same for ages above 50 years; however, additional mortality studies that 

Include older persons with ASD are needed to validate this assumption.

There was some variation in the prevalence of ASD by state, with the prevalence ranging 

from 1.97 to 2.42%. The prevalence estimates were estimated using a partial-pooling 

hierarchical model that naturally pulls the raw state prevalence estimates towards the mean 

U.S. estimate and pulls those with less data more towards the mean. Currently, there is no 

evidence that the prevalence of ASD should vary by geographic location; however, there 

is evidence that greater availability of screening and diagnostic services will increase the 

number of persons diagnosed with ASD (Rolthlz et al. 2017; Janvier et al. 2016). Male 

and female ASD prevalence estimates were substantially different, which is consistent with 

existing studies (Kogan et al. 2018; Baio et al. 2018). The reason for this difference is 

unknown but it may reflect, in part, differences in how ASD manifests in boys and girls 

leading to differential diagnosis by gender.

To date, an empirical study of adult ASD prevalence in the U.S. has not been accomplished, 

perhaps because any single approach to ascertain adult ASD has challenges. There are no 

psychometrically validated tests of ASD for adults, which leads to uncertainty for studies 

using tests designed for children, such as the Autism Diagnostic Observation Schedule. In 

addition, mixed methods are likely needed in order to reach populations living independently 

and in group settings. A subset of persons might only be identified through the review of 
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service records of those being served in group settings. Individuals with ASD who live 

independently may be disinclined to participate in a survey if recruited via phone or in 

person. Adults with ASD may be more difficult to recruit because they may not be enrolled 

in services or may not receive services in a wide variety of settings (e.g., schools, health care 

providers, community-based entities) resulting in challenges to comprehensive recruitment 

efforts. Once a validated tool to identify adults with ASD is created, a study could 

incorporate information from public school classifications or publicly-funded programs that 

serve individuals with ASD and population-based telephone or community surveys of adults 

with adjustments to address greater non-response among adults with ASD.

Overall, we estimated that 1 in 45 adults (95% SI, 41, 51), ages 18–84 years, are living with 

ASD. While these numbers are estimates, they do provide a place for states to think about 

available services for adults with ASD. We used the most current data available for all states 

to estimate the ASD prevalence among adults. This analysis may motivate some states to 

explore state-based data sources that may be more informative than data available for all 

states, and refine the estimates based on their existing local data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Estimated autism spectrum disorder prevalence among adults 18–84 years by state, 2017
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Fig. 2. 
Estimated state autism spectrum disorder prevalence among adults 18–84 years by sex
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