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Abstract
Objective—Early diagnosis of children with autism spectrum disorders (ASD) is critical but
often delayed until school age. Few studies have identified factors that may delay diagnosis. This
study attempted to identify these factors among a community sample of children with ASD.

Methods—Survey data were collected in Pennsylvania from 969 caregivers of children who had
ASD and were younger than 21 years regarding their service experiences. Linear regression was
used to identify clinical and demographic characteristics associated with age of diagnosis.

Results—The average age of diagnosis was 3.1 years for children with autistic disorder, 3.9
years for pervasive developmental disorder not otherwise specified, and 7.2 years for Asperger’s
disorder. The average age of diagnosis increased 0.2 years for each year of age. Rural children
received a diagnosis 0.4 years later than urban children. Near-poor children received a diagnosis
0.9 years later than those with incomes >100% above the poverty level. Children with severe
language deficits received a diagnosis an average of 1.2 years earlier than other children. Hand
flapping, toe walking, and sustained odd play were associated with a decrease in the age of
diagnosis, whereas oversensitivity to pain and hearing impairment were associated with an
increase. Children who had 4 or more primary care physicians before diagnosis received a
diagnosis 0.5 years later than other children, whereas those whose pediatricians referred them to a
specialist received a diagnosis 0.3 years sooner.

Conclusion—These findings suggest improvements over time in decreasing the age at which
children with ASD, especially higher functioning children, receive a diagnosis. They also suggest
a lack of resources in rural areas and for near-poor families and the importance of continuous
pediatric care and specialty referrals. That only certain ASD-related behaviors, some of which are
not required to satisfy diagnostic criteria, decreased the age of diagnosis suggests the importance
of continued physician education.

Early diagnosis of autism spectrum disorders (ASD) is critical for a number of reasons,1,2
perhaps most important because interventions to improve the functioning of children with
ASD may be more effective with younger children.3–6 Evidence suggests that early
treatment optimizes long-term prognosis,7 and treatment yields diminishing returns as
children get older.8 Several studies have estimated that the gains in functioning associated
with early treatment will result in considerable cost savings to both families of children with
ASD and the systems in which they are served.9–11
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By definition, the onset of ASD is before 3 years of age.12 There is increasing evidence that
clinicians can reliably identify children on the autism spectrum as young as 2 years of age,13

and symptoms of ASD and related disorders may be identifiable in even younger children.14

In their comprehensive review of the early diagnosis of ASD, Charman and Baird13 pointed
out that many children with ASD exhibit recognizable problems in social interactions in
their first year of life. Although screening instruments for ASD in very young children still
require refinement before they can be used at the population level,15,16 knowledge of early
developmental difficulties among children with ASD has increased to the point where very
early identification may be possible for a substantial proportion.

Despite our increasing ability to identify the early signs of ASD and general growing
awareness of this set of disorders, studies have found that children with ASD do not receive
a diagnosis, on average, until they are of school age.1,17–19 A number of factors have been
implicated in exacerbating this delay, including the fact that many physicians have limited
knowledge of the presentation, prognosis, and treatment of ASD20 or other developmental
disorders with polymorphous phenotypes.21 They therefore often delay for extended periods
of time before referring families of children with ASD to specialists for assessment.22–24

Few studies have examined factors that may delay or expedite the diagnosis of ASD.
Related ecologic studies have found that education and health system resources are
associated with disparities in the proportion of children who receive a diagnosis of ASD.
Palmer et al25 found that school districts’ education-related spending in Texas was
positively associated with the identification of children with ASD. Mandell and Palmer26

replicated this finding at the national level and also found that the per capita availability of
pediatricians and school-based health clinics were positively associated with the proportion
of children who received a diagnosis of ASD.

A number of family-level factors also have been associated with delays in diagnosis. For
example, in a study of Medicaid-eligible children, black children with ASD received a
diagnosis an average of 1.5 years later than white children.1 Although the authors did not
test hypotheses regarding this finding, they draw on related research to suggest that
differences by ethnicity may be associated with poverty,1 differences in clinical
presentation, differences in parental behaviors,27,28 and differential treatment by clinicians.
29,30

Although these studies provide important information regarding factors that are associated
with the age of diagnosis of ASD, the generalizability of their findings is hampered by small
sample size, the use of clinical samples, and the use of administrative or aggregate data.
Perhaps more important, none has accounted for how the presentation or severity of ASD
may affect diagnosis. This study attempted to address some of these limitations by
examining clinical and demographic factors that are associated with the age of diagnosis in a
large community sample of children with ASD.

METHODS
Data Collection

Data were collected as part of a state-sponsored effort to improve the quality of care for
individuals with ASD in Pennsylvania. Survey data were collected from June 21 through
September 30, 2004. Participants were recruited through a mailing to 273 caregivers of
individuals with autism who had participated in previous quality improvement efforts and
had indicated their willingness to participate in this research; they were asked to share
information about the survey with other caregivers. Another 137 providers of autism-related
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services were identified through state directories and requested to distribute a letter to
families of individuals with ASD asking them to participate in the survey.

The survey invitation letter described the purpose of this project and provided a web address
for completing the survey over the Internet and a toll-free number to call to receive a paper
copy, which was mailed accompanied by a postage-paid return envelope. Both the Internet
and paper versions of the survey again described the purpose of the survey and explained
that all responses would be confidential. Participants were asked to complete the survey for
their oldest child with ASD. Participants were given the opportunity to enter a drawing in
which 40 people won cash prizes of $50 each.

Survey Description
The survey included 92 questions that were designed to measure the quality and quantity of
services and supports received by individuals with ASD from the time when concerns about
development first were noted up to the present and took an average of 45 minutes to
complete, depending on the age of the child. Questions about clinical and sociodemographic
characteristics were also included. The survey was developed on the basis of information
gathered from a series of 7 focus groups with parents of children with ASD about their
service and support experiences; it was pilot-tested with 10 parents of children who had
ASD and were aged 9 to 38 years and subsequently altered for comprehensibility and
content.

Sample
A total of 1027 surveys were returned, 713 of which were obtained through the Internet; 9
Internet surveys contained few data and were deleted from the sample. Mothers of
individuals with ASD composed 86% and fathers 7% of survey respondents. The remainder
included other relatives and legal guardians. Respondents ranged from 23 to 70 years of age
(mean: 42; SD: 8); the individuals with ASD about whom they responded ranged from 2 to
53 years (mean: 10; SD: 6). Consistent with epidemiologic findings, 83.4% of the
individuals with ASD were male. The majority was white (83.5%); the remainder were
black (9.8%), Latino (3.0%), Native American (2.4%), or Asian American (1.9%). Twelve
percent of the sample had household incomes below the federal poverty level, 17% had
incomes from the poverty level to 100% above the poverty level, and 71% had incomes
>200% above the poverty level.

To determine the representativeness of the survey sample, we compared demographic
characteristics with those of the 5200 children who were aged 3 to 21 in Pennsylvania and
received autism-related special education services in 2003.31 The 2 groups deviated by no
more than 1% in any ethnic category. Because children with ASD in Pennsylvania are
eligible for Medicaid-reimbursed services regardless of family income, analyses were
conducted to compare the service use of the sample to Medicaid-reimbursed claims for ASD
in Pennsylvania (data not shown). Ten percent of the survey sample experienced a
psychiatric inpatient episode compared with 8% indicated in the Medicaid claims; 46% had
used a psychotropic medication compared with 42% indicated in the claims. These results
suggest the similarity of the survey sample and children with ASD in Pennsylvania in
general. For the purposes of this study, the sample was limited to the 969 surveys of
individuals who had autism and were younger than <21 years and had a primary diagnosis of
autistic, Asperger’s, or pervasive developmental disorder not otherwise specified (PDD-
NOS).
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Analyses
Frequencies and means with SDs as appropriate were calculated for all variables of interest,
stratified by diagnosis. The mean age of diagnosis associated with each variable and
diagnostic category was also calculated. The distribution of the dependent variable (age of
diagnosis) was examined using Kolmogorov-Smirnov and Shapiro-Wilks tests; deviations
from normality were found but were of relatively small magnitude.

Linear regression therefore was used to predict the age of diagnosis among children with
ASD, adjusting for clinical and demographic characteristics and families’ report of
interactions with the primary care system. To test for possible nonlinear relationships, we
categorized continuous variables. Those with nonlinear relationships with the dependent
variable (income and number of pediatricians) were entered into the regression model as
categorical variables. We also tested a number of interactions that we decided a priori might
be important or whose potential importance was indicated by the bivariate relationships
presented in Table 1. They included the following interactions: (1) Asperger’s diagnosis
with age, urbanicity, and the presence of mental retardation; (2) urbanicity with diagnostic
category and making a referral; (3) conducting developmental tests and making a referral;
and (4) income and number of pediatricians. Only the coefficient associated with the
interaction of Asperger’s disorder and patient age was statistically significant; the coefficient
associated with the interaction of conducting developmental tests and referring was not
statistically significant but appreciably changed the coefficients associated with the main
effects and therefore was kept in the final model. The institutional review board of the
University of Pennsylvania approved the use of these data for this study.

RESULTS
Table 1 provides descriptive information on the sample. Of the 969 children in the sample,
39% received a diagnosis of autistic disorder, 23% of Asperger’s disorder, and 38% with
PDD-NOS. Children with autistic disorder received the diagnosis at an average age of 3.1
years, followed by children with PDD-NOS (3.9 years) and children with Asperger’s
disorder (7.2 years). The majority in each group lived in suburban settings and had
household incomes >100% above the poverty level. Relative to national statistics, a large
percentage of children were adopted in each group. All of the symptoms about which the
survey asked were relatively common, with few occurring in <25% of any diagnostic group.
Mental retardation occurred in 30% of children with autistic disorder and in 20% of children
with PDD-NOS; seizure disorders occurred in 10% and 11%, respectively, of children with
autistic disorder and PDD-NOS. The majority of children in each diagnostic group had 1 or
2 pediatricians before diagnosis. In response to concerns, pediatricians were more likely to
refer children to specialists than to conduct developmental tests themselves.

Figure 1 provides information on the age of diagnosis by diagnostic and age categories.
Modified box plots are used to present the data.32 The results suggest that younger children
generally received the diagnosis at an earlier age than older children. There was also
considerably more variability in the age of diagnosis among adolescents and young adults
than in younger children. The discrepancy in age of diagnosis by patient age was especially
apparent among children with Asperger’s disorder.

Table 2 provides the results of the linear regression predicting age of diagnosis. Adjusting
for other variables, children with Asperger’s syndrome received the diagnosis an average of
1.8 years later than children with autistic disorder, and this difference increased by an
additional 0.4 years for each additional year of patients’ age. Diagnosis occurred 0.2 years
later for each year of patients’ age. Adopted children received the diagnosis an average of
0.8 years later than children who were not adopted. Children who lived in rural areas
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received the diagnosis 0.4 years later than children who lived in urban areas, and children
from near-poor households received the diagnosis 0.9 years later than children who lived in
households with incomes >100% above the poverty level.

The presence of certain symptoms was also predictive of diagnosis. Children with severe
language deficits received a diagnosis an average of 1.2 years earlier than other children.
Oversensitivity to pain was associated with a 0.6-year increase in the age of diagnosis. Hand
flapping, toe walking, and sustained odd play were associated with decreases in the age of
diagnosis. The presence of a hearing impairment was associated with 0.8-year increase in
the age of diagnosis.

Families’ interactions with the primary care system and physician behavior were also
associated with age of diagnosis. Children who had 4 or more primary care physicians
before diagnosis received a diagnosis an average of 0.5 years later than children who had 1
primary care physician. Children who were referred by their pediatricians to a specialist in
response to parental concerns received a diagnosis an average of 0.3 years earlier than other
children.

DISCUSSION
This study found that children with autistic disorder, although not children with Asperger’s
disorder or PDD-NOS, received a diagnosis at a younger age than was found in previous
studies and that diagnosis occurred at an earlier age among younger children compared with
older children. It is important to note, however, that previous studies did not differentiate
among ASD subtypes1,18 and reflect diagnostic practices from earlier time periods.33 This
issue is especially important because this study suggests that the decrease in age of diagnosis
over time is happening more quickly for higher functioning children with ASD. The results
also suggest that income, place of residence, clinical presentation, the number of
pediatricians that children had before diagnosis, and physician behavior are associated with
the age at which children with ASD receive the diagnosis.

Contrary to the previous study in this area,1 ethnic minority children did not receive a
diagnosis at an older age than white children. This result may be considered an encouraging
finding regarding the elimination of health disparities; it may also be, however, that ethnicity
is collinear with other variables, such as income, which had a stronger association with age
of diagnosis. Bivariate analyses and tests of statistical interactions did not provide evidence
for this hypothesis, however. It also may be that care-givers with greater resources,
especially among ethnic minority families, were more likely to respond to the survey, thus
biasing the relationship between ethnicity and age of diagnosis.

The relationship between income and age of diagnosis was not linear. Although there was no
statistically significant difference between poor families and families whose incomes were
>100% above the poverty level, near-poor children received a diagnosis an average of
almost 11 months later than children from wealthier families. Income may be related to
insurance status, with near-poor families least likely to be insured or to have insurance that
fully covers needed services.34–37 Even among the insured, however, access to care may be
worse for near-poor families than for those who have public insurance.38

That children in rural settings received a diagnosis later than did children in urban areas
echoes findings from a previous study regarding the relationship between urbanicity and the
frequency of ASD diagnosis25 and the growing recognition of the importance of place in
predicting health and health care in general.39–42 A number of studies have found that
children in rural areas have less access to regular and specialty care.43,44 It may also be that
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a critical mass of children with ASD, which is more likely found in densely populated areas,
may increase physicians’ and families’ familiarity with the disorder.

Some symptoms seemed to trigger earlier diagnosis than others. Children with severe
language deficits, hand flapping, toe walking, and sustained odd play received a diagnosis
earlier. Although language deficits are an important component of diagnosis for autistic
disorder and PDD-NOS, the other 3 symptoms are not required for diagnosis. Physicians
may be more familiar with these symptoms from portrayals of ASD in the popular media, or
they may be more disturbing to parents and physicians alike, prompting additional
evaluation. The association of oversensitivity to pain with later diagnosis may be because
this symptom prompts clinicians to search for other organic causes and not consider
developmental issues. Similarly, ASD symptoms in adopted children, who received a
diagnosis almost 10 months later than other children, may be attributed to factors associated
with early childhood experiences that result in temporary delay rather than a condition
associated with chronic delay such as ASD.

Children with hearing impairments received a diagnosis almost 10 months later than other
children. Hearing loss may make it more difficult to determine the presence of ASD;
however, the frequent co-occurrence of ASD and hearing impairment (as well as mental
retardation and seizures)45 should alert clinicians to the possibility of ASD in this group.

Families’ interactions with the health system were also associated with differences in the age
of diagnosis. Children who had 4 or more primary care physicians before diagnosis received
a diagnosis 6 months later than other children, whereas children whose pediatricians referred
them to specialists in response to developmental concerns received a diagnosis earlier than
did other children. Having many primary care physicians before diagnosis may be related to
issues such as residential instability and poor access to health care that result in discontinuity
of care, or parents could not recognize the importance of continuous pediatric care.
Alternatively, switching physicians may be the result of families’ frustration that their
concerns are not being acknowledged or addressed.

It was disappointing to note that conducting developmental tests was not associated with a
decrease in the age of diagnosis, especially in light of current federally funded efforts and
American Academy of Pediatrics guidelines focused on increasing standardized, regular
developmental screening. It may be that caregivers’ report of whether physicians conducted
testing is an invalid measure, whereas physician referrals are easier to ascertain accurately.
In addition, the measures that physicians used may not be sensitive to the presence of ASD.
A number of studies suggest that more physicians rely on clinical judgment or a few
questions more than on standardized measures.46–50 Unless validated measures are
implemented in a reliable manner, it may be more effective for physicians to rely on parental
concern as a measure of need.51,52

Limitations
A number of study limitations should be considered. Perhaps primary among them is the
validity of ASD diagnoses and reporting of related symptoms, which were not standardized
or validated. All respondents indicated that the diagnosis was made by a physician or a
psychologist, however, and studies have found good to excellent reliability associated with
both the diagnosis of ASD by health care professionals and the differentiation of subtypes.
53–56 A related limitation is that we collected data only on some symptoms associated with
ASD. Given the length of the survey, our goal was to focus only on those symptoms that we
thought might differentiate subtypes of children with ASD. In the process, we may have
missed important symptoms that are associated with changes in the age of diagnosis. For
example, we do not have information on IQ other than the presence of mental retardation
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and have limited information on issues related to social interactions. A third limitation is the
potential bias in survey respondents, especially given the sampling method. Despite the
similarities between the experiences and ethnicity of survey respondents and children with
ASD in Pennsylvania described in Methods, families who were motivated to complete this
survey may have characteristics and experiences different from those of nonresponders. An
indication of bias toward higher functioning children in this sample is the large number of
responding families relative to the known community prevalence of children with
Asperger’s disorder and without mental retardation.57 A fourth limitation is that caregivers
were asked to recall events that may have happened much earlier. Differential recall about,
for example, pediatrician behavior or age of diagnosis may have biased the results.

Implications
Despite these limitations, there are a number of study implications. The results provide some
evidence regarding the positive effects of having continuity in pediatric care. The American
Academy of Pediatrics emphasizes the importance of coordinated, continuous health care for
children with ASD,2 and research shows the importance of this type of care in improving
outcomes for children with special health care needs58,59; however, fewer than half of
children with special health care needs have care that meets these criteria.60,61 The reason
for the discontinuity among children with ASD, whether it relates to access or frustration,
for example, has important implications for the interventions to reduce it.

This study also suggests the importance of specialist referrals. The symptoms of ASD are
sometimes difficult to differentiate from other health conditions,62 and generalists may not
associate some of them with ASD. Specialist referrals for ASD are often accompanied by
long wait times,18 however, and especially in rural settings and for uninsured or
underinsured families, referrals may not be readily available. For example, the American
Board of Pediatrics workforce report shows the paucity of board-certified developmental
pediatricians and pediatric neurologists in many states.63 Other studies have found that
children with ASD have more difficulty obtaining specialty care than children with other
special health care needs.64 These data suggest the importance of parallel efforts to increase
both the availability of specialist care for diagnosis and physician knowledge of the multiple
ways in which ASD can manifest.65

ABBREVIATIONS

ASD autism spectrum disorders

PDD-NOS pervasive developmental disorder not otherwise specified
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Fig 1.
Median age of diagnosis by diagnostic and age categories (n = 969).
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TABLE 2

Linear Regression Predicting Age of Diagnosis in Years

Coefficient 95% Confidence Interval

Diagnosis

 Asperger’s disorder 1.8 0.8 to 2.9

 PDD 0.2 −0.1 to 0.6

Interaction of Asperger’s diagnosis and age 0.4 0.3 to 0.5

Demographics

 Male 0.2 −0.2 to 0.6

 Age, y 0.2 0.1 to 0.2

 Black 0.1 −0.7 to 0.4

 Asian/Pacific Islander −0.5 −1.5 to 0.4

 Native American 0.0 −0.9 to 0.9

 Latino −0.8 −1.6 to 0.1

 Child was adopted 0.8 0.2 to 1.5

 Rural 0.4 0.1 to 0.7

 Suburban 0.2 −0.2 to 0.6

 Income below poverty level 0.2 −0.2 to 0.7

 Income from poverty level to 100% above 0.9 0.5 to 1.2

Symptoms

 Does not respond when called 0.0 −0.4 to 0.4

 Self-injurious −0.2 −0.5 to 0.1

 Severe language deficits −1.2 −1.5 to −0.8

 Oversensitive to pain 0.6 0.2 to 0.9

 Aggressive to others −0.1 −0.4 to 0.2

 Insists on sameness −0.1 −0.4 to 0.3

 Sustained odd play −0.3 −0.6 to −0.1

 Echolalia −0.2 −0.5 to 0.0

 Hand flapping −0.4 −0.7 to −0.1

 Toe walking −0.2 −0.5 to −0.1

 Spins self −0.1 −0.4 to 0.2

Other clinical features

 Mental retardation −0.2 −0.6 to 0.2

 Hearing impairment 0.8 0.1 to 1.6

 Seizures 0.0 −0.5 to 0.5

Health system characteristics

 2 primary care physicians before diagnosis 0.0 −0.3 to 0.3

 3 primary care physicians before diagnosis 0.0 −0.4 to 0.4

 ≥4 primary care physicians before diagnosis 0.5 0.1 to 1.0

 In response to concerns about development

  Physician conducted developmental tests −0.2 −1.0 to 0.6

  Physician referred to a specialist −0.3 −0.7 to 0.0
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Coefficient 95% Confidence Interval

 Interaction of developmental testing and referral 0.3 −0.6 to 1.3

Adjusted R2 = 0.54. Statistically significant findings at P ≤ .05 are in bold. Reference group consists of female white children who received a
diagnosis of autistic disorder, and live in urban settings with household incomes >100% above the federal poverty level.
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