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ABSTRACT
Background: The purpose of the paper is to review current literature on Autism Spectrum Disorders (ASD) and to
inform doctors of optometry who will provide care for patients with ASD and their families. As primary care providers,
it is important that doctors of optometry have the knowledge and skills required to recognize the signs and symptoms
of ASD and to contribute to the multi-disciplinary team for diagnosis and treatment.
Methods: A review and synthesis of current relevant literature was conducted.
Results: Publications describing the epidemiology of autism, risk factors, screening, and diagnosis are reviewed.
Optometry is not currently listed as one of the multi-disciplinary professions in the ASD team, and this article proposes
potential roles of the doctor of optometry to fill in the missing piece in the coordination of care of ASD patients.
Conclusions: Doctors of optometry should play an important role in the care of individuals with ASD. It is time that
optometrists assume their role as primary care providers to care for vulnerable populations such as individuals on the
autism spectrum.
Optometrists should be aware of current diagnostic criteria and research regarding patterns of autism and potential risk
indicators. Familiarity with types of healthcare providers, local community resources, and screening and diagnostic
tools that can assist both in making a definitive diagnosis and in managing autism spectrum disorders is important for
the optometric provider.
Keywords: autism spectrum disorder (ASD), prevalence, incidence, risk, screening

Introduction
Description of Condition and Definitions
Many optometrists are providing care for an increasing
number of patients with diagnoses of autism, pervasive
developmental disorders, sensory processing conditions,
Asperger’s Syndrome, and attention deficits. Today, one in
every 88 American children is on the autism spectrum.1
Numerous publications stress the important role that primary
care providers should play in recognizing the early signs of
ASD. The evidence suggests that children who are diagnosed
early, and who receive appropriate intervention programs,
attain better outcomes.2-5
Many refer to the “Autism Spectrum” or “Autism Spectrum
Disorder” (ASD) in recognition of the multiple manifestations
which occur.6 The term “spectrum disorder” is used to indicate
that ASD encompasses a range of behaviorally defined
conditions which are diagnosed through clinical observation
of development.
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Autism, or Autistic Disorder, is considered to be a
neurological condition. Classified as a Pervasive Developmental
Disorder (PDD), the Diagnostic and Statistical Manual, fourth
edition (DSM-IV) in 1994 (and DSM-IV-TR in 20007)
describes Autism as “the presence of markedly abnormal or
impaired development in social interaction and communication
and a markedly restricted repertoire, activity, and interest.”8 The
new DSM-5 criteria for Autism diagnosis was adopted in May
2013 at the American Psychiatric Association’s meeting and
states that the features of Autism Spectrum Disorder involve
“persistent impairment in reciprocal social communication
and social interaction, and restricted, repetitive patterns of
behavior, interests, or activities, present from early childhood
and limit or impair everyday functioning.”9
In the DSM-IV diagnostic criteria, there are five
subgroups of pervasive developmental disorders included:
autistic disorder, Asperger’s disorder (often referred to as
Asperger’s syndrome), Rett’s disorder (often referred to as Rett’s
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syndrome), childhood disintegrative disorder (CDD), and
pervasive developmental disorder – not otherwise specified
(PDD-NOS).2-4 In the DSM-5 criteria, four separate disorders
are considered to be a single condition with differing levels of
severity in the symptoms manifested. Rett’s disorder is excluded
from the criteria and considered a separate differential.9
ASD now comprises the previous DSM-IV categories, as a
single condition, encompassing deficits in social-emotional
reciprocity, deficits in non-verbal communicative behaviors
used for social interaction, and deficits in developing,
maintaining, and understanding relationships.9
Individuals who demonstrate autistic impairments
demonstrate the characteristics of the disorder on a continuum,
or a spectrum. Patients range from lower-functioning with
significant developmental compromise to a higher-functioning
group with higher cognition and relatively fewer autistic
symptoms.6 Persons with Asperger Disorder have fewer
diagnostic symptoms which tend to be of milder severity.2
Individuals with autistic disorder are considered to have lower
function, and a review of published studies suggests that
the PDD-NOS category is not operationalized by clinically
observed data.6 Signs of ASD are frequently present before
the age of 3 and are often accompanied by abnormalities
in cognitive functioning, learning, attention, and sensory
processing.3 Impairments are considered to be chronic and
life-long.8 At the most severe end of the spectrum, individuals
may be non-verbal, have serious intellectual deficits, and
demonstrate aggressive and self-injurious behavior.8
The Cost of Autism
The cost to society of ASD is currently estimated to be $35
billion to $90 billion annually, which rivals that of Alzheimer’s
disease.10,11 The impact of ASD on the individual and family
can be devastating to their quality of life, with consequences
in virtually all areas ranging from physical to psychological to
financial. Adults with ASD struggle with basic needs such as
employment and housing, while parents of ASD children are
often forced to leave the workforce to care for their child, thus
losing valuable income needed to live and pay for therapies.
According to the American Autism Society, approximately 1.5
million Americans live with the effects of Autism Spectrum
Disorder.13 It is estimated that it can cost about $3.2 million to
take care of an autistic person over his or her lifetime.14
Prevalence and Incidence Rates
From the first published estimates of the rates of Autism
Spectrum Disorder (ASD), researchers have reported gradual
increases in both the prevalence (the number of existing cases)
and the incidence rates (the number of newly diagnosed cases
per time period). The first U.S. multisite collaborative study
to monitor ASD prevalence reported data from six areas in the
year 2000. The Centers for Disease Control and Prevention
organized the Autism and Developmental Disabilities
Monitoring Network. This network established a multi-site,
Volume 2 | Issue 5 | 2014, October

records-based surveillance program to study the prevalence of
ASD. Identification of children aged 8 years with a diagnosis
of ASD was determined through screening and abstraction of
evaluation records at multiple sources, with clinician review of
abstracted sources to confirm documentation consistent with
the American Psychiatric Association’s criteria for diagnosing
autistic disorder, pervasive developmental disorder – not
otherwise specified, or Asperger’s syndrome. It is important to
note that this network system relies on systematic screening
rather than existing medical or educational labels of ASD. The
overall prevalence of ASD ranged from 4.5 per 1,000 to 9.9 per
1,000 with an average estimated prevalence across all 6 sites of
6.7 per 1,000 children.15
In 2002, the prevalence of ASD in the United States was
estimated using a systematic retrospective review of evaluation
records in multiple sites participating in the Autism and
Developmental Disabilities Monitoring Network from 14
locations (increased from six in 2000) around the country.
The investigators selected an index age of 8 years to monitor
the peak prevalence and to compare with the data collected
in 2000. The Centers for Disease Control and Prevention
reported the estimated ASD prevalence at approximately one
child in every 150, or a rate of 6.7 per 1,000, as essentially
unchanged from the report 2 years prior.16
Another strategy to estimate the prevalence of Autism
Spectrum Disorder utilized parent reporting in the National
Health Interview Survey (NHIS) and the National Survey of
Children’s Health (NSCH). The Centers for Disease Control
and Prevention estimated the population-based prevalence of
diagnosed autism in the United States for 2003-2004 at a rate
of 5.7 per 1,000 based on the NHIS and 5.5 per 1,000 based
on the NSCH.17
A study of children born in Massachusetts between 2001
and 2005 found an increase in the incidence rate of Autism
Spectrum Disorders (ASD) in children less than 3 years of age
from 56 per 10,000 (5.6 per 1,000) children born in 2001
to 93 per 10,000 (9.3 per 1,000) children born in 2005. The
study also found that the increased incidence rate varied by
gender, with a 70% increase among boys and a 39% increase
among girls.18
More recently, in 2006, using data from the same Autism
and Developmental Disabilities Monitoring Network, the
overall average prevalence was calculated as 9.0 per 1,000
population, ranging from 4.2 in Florida to 12.1 in Arizona
and Missouri. This data was compared with rates from data
collected in 2002 from 10 of the same sites, yielding an increase
of 57% over the four-year time span.20
In March 2012, surveillance reports from data captured
in 2008 revealed a prevalence rate of 11.3 per 1,000, or one
in every 88 children affected.1 In March 2013, the Centers
for Disease Control and Prevention released new estimates
showing that the prevalence of parent-reported ASD among
children aged 6-17 was 2.0% (20 per 1,000) in 2011-2012.
This represents an increase from 1.16% in 2007.19 The estimates
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further increased with a new release of data in March 2014
that shows a prevalence rate estimated at one in 42 boys and
one in 189 girls living in the surveillance area as having ASD.
Many agree with this statement published by Mulvihill, et
al: “These results indicate an increased prevalence of identified
ASDs among U.S. children… and underscore the need to
regard ASDs as an urgent public health concern. … Research
is needed to ascertain the factors that put certain persons at
risk, and concerted efforts are essential to provide support
for persons with ASDs, their families, and communities to
improve long-term outcome.”20
Experts studying ASD have not yet reached consensus
about the underlying causes and the relative significance
demonstrating the recent increase in the reported prevalence
of ASD. Some investigators have suggested that parents are
more likely to raise concerns about autism due to heightened
awareness by the general public, thereby prompting physicians
and school districts to conduct more evaluations.21-23 Healthcare
professionals may have become better prepared to recognize
and diagnose ASD due to improvements in the reliability of
screening tools and diagnostic instruments.8
There is a concern as to whether increased prevalence rates
are due to changes in diagnostic practices. Autism was first
listed as a specific condition with designated diagnostic criteria
in the Diagnostic and Statistical Manual of Mental Disorders
(DSM-III) in 1980.24 Changes in 1987 first broadened the
ASD criteria and changed the threshold for diagnosis of PDDNOS, which resulted in the inclusion of milder cases. These
changes were criticized for promoting over-diagnosis. In 1994,
the fourth edition of the DSM sought to reduce the perceived
over-inclusiveness in the criteria for ASD and PDD-NOS, but
Asperger’s syndrome was now included for the first time.8,25,26
A study published in 2009 evaluated to what extent the
increased prevalence of autism in California has been driven
by changes in diagnostic practices, diagnostic substitution, and
diagnostic accretion. After a retrospective analysis of children
born before 1987, 631 individuals with a sole diagnosis of
mental retardation who later acquired a diagnosis of autism
were identified. This data was used to model the probability of
diagnostic change and to estimate the proportion of the autism
caseload that resulted from changing diagnostic practices.
The investigators concluded that changes in practices for
diagnosing autism accounted for approximately one-quarter
of the observed increase in prevalence of ASD in California
between 1992 and 2005, leaving roughly 75% of the increased
rate unexplained by diagnostic trends.27
Investigators have also sought to determine whether
increased awareness may relate to increased rates of diagnosis
and ultimately higher rates of access to services. Rates of ASD
that are calculated from statistics captured by school districts
are influenced by policies determining access to services.
For example, ASD was not a diagnosis for which children
became eligible to receive special education services until
1990, with the passage of the Individuals with Disabilities
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Education Act (IDEA).28 Before 1990 when IDEA was
enacted, in order to obtain eligibility for educational services
children had to be “labeled” as having conditions such as
mental retardation, learning disability, emotional disturbance,
or speech impairment.29 After the passage of IDEA, the
increased number of children who were now “labeled” with
ASD included both older children who had previously had a
different reason for access to services, indicating a diagnostic
substitution, and younger children who were newly diagnosed
with ASD, indicating a higher level of awareness.30
One example illustrating the complexities that can occur
within the educational setting was found based on a review of
records in public school districts. Recent research evaluated
trends in prevalence of ASD by utilizing changes in access to
special education services in public school districts in Wisconsin.
The authors found that the overall prevalence of the diagnosis
of autism among children enrolled in Wisconsin elementary
schools rose from 4.9 to 9.0 per 1,000 from 2002 to 2008. They
found that the school districts with the lowest baseline rates for
ASD also showed the greatest increase, with the lowest octile
growing from 0.5 cases per 1,000 students in 2002 to 7.0 cases
per 1,000 students in 2008. Conversely, the school districts
with the highest baseline rates showed no statistical difference
in the rates reported over the 6-year period, with baseline values
at 11.2 per 1,000 and rates at the end of the study calculated
as 12.3 per 1,000 students. At the time of the publication, the
authors suggested that the prevalence appeared to be leveling
off, with the gap between districts narrowing.31
The relationship between policies governing access to
services and the criteria for diagnosis in the educational setting
illustrates the problems with using special education rates to
monitor trends in ASD. Experts agree that epidemiological
data is a better, and more accurate, source of information.8
However, for the result to be meaningful over time, the
methods for the study and the means for the interpretation of
data must remain consistent.
Investigators analyzing the trends evident in the data
from the National Survey of Children’s Health concluded
that parent-reported ASD prevalence is not subject to survey
measurement error over time and that this source can be used to
accurately measure changes in prevalence. They assert that the
increase that has been observed results from newly diagnosed
children with previously unrecognized ASD.19
One factor that has been consistently cited as contributing
to the level of disagreement and uncertainty is the lack of
population-based data. Kim, et al. recently reported on a
population-based sample of 7-12 year olds in a South Korean
community. The study examined both a low-probability sample
from the general population and a high-probability sample
drawn from special education schools and a disability registry.
The prevalence of ASD was estimated to be 2.64% (26.4 per
1,000). Surprisingly, the prevalence was higher in the general
population sample at 1.89% (18.9 per 1,000) compared with
0.75% (7.5 per 1,000) in the high-probability group. The
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Table 1: Reported Trends in Autism Prevalence
Year of Report

Source

Average
Rate per
1,000

Rates in the United States
2000

Autism and Developmental Disabilities
Monitoring Network

6.7

2001

Massachusetts
Review of registry

5.6

2002

Autism and Developmental Disabilities
Monitoring Network

6.7

2002

Wisconsin public school records

4.9

2003- 2004

National Health Interview Survey
Parent report

5.7

2003- 2004

National Survey of Children’s Health
Parent report

5.5

2005

Massachusetts
Review of registry

9.3

2006

Autism and Developmental Disabilities
Monitoring Network

9.0

2008

Wisconsin public school records

9.0

2008

Autism and Developmental Disabilities
Monitoring Network Surveillance

11.3

2013

National Survey of Children’s Health
Parent Report

20.0

Rates in Other Countries
1996-2001

Taiwan
National Health Insurance Program

3.0

1999-2000

Portuguese Mainland
Portuguese Azores Islands
Screening administered to teachers in
randomly selected schools followed
by team-based diagnostic assessment

0.92
1.56

2001

Sweden
Medical Record Review

5.34

2004

Israel
Review of disability benefits

0.19

2003

Montreal, Quebec, Canada
School records

6.5

2005

Hong Kong
Registry

1.61

2006

South Thames, U.K.
Screening

11.6

2011

South Korea
Population-based sample with
diagnostic evaluation

26.4

investigators concluded that since two-thirds of the ASD cases
were found in the mainstream school population and had not
been previously diagnosed or treated, more rigorous screening
and comprehensive population coverage would be necessary to
provide more accurate ASD prevalence estimates. Furthermore,
the investigators cite this research as an indication of the need
for better detection, assessment, and services.32
A number of other countries have been evaluating rates of
Autism Spectrum Disorder. In addition to the research recently
published from South Korea, trends in the reported numbers
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of people with ASD were analyzed in Israel by reviewing
disability benefits registered with the National Insurance
Institute from 1972 to 2004. As recently as 1982-1984, the
reported incidence rate was zero. The peak occurred in 2004
with an incidence rate of 0.19 per 1,000.33 Epidemiological
data for ASD was evaluated in China over a period from 1986
to 2005 using a registry in Hong Kong. The prevalence was
calculated at 1.61 per 1,000.34 Researchers in Taiwan evaluated
newly diagnosed cases of ASD from the National Health
Insurance Research Database from 1996-2004. The peak of
the cumulative incidence rate was found in the year 1998, at
a level of 0.41% or 4.1 per 1,000. Investigators noted a 14%
increase in ASD comparing the birth cohorts from 20002004 with cohorts from 1996-1999. The overall cumulative
incidence rate for the time period studied was 0.30% or 3.0
per 1,000.35 The Special Needs Autism Project quantified the
prevalence of ASD among children residing in South Thames,
United Kingdom. Children with a current clinical diagnosis
of ASD, and those who were deemed to be at risk for being
an undetected case, were screened, with a subset receiving a
comprehensive diagnostic evaluation. The total prevalence for
all ASD was calculated to be 11.6 per 1,000.36 Analyzing data
that was collected during the 1999-2000 school year, researchers
in Portugal noted regional differences in the prevalence of
ASD between the mainland and the Azores Islands, with a
rate of 0.92 per 1,000 in the mainland increasing to 1.56 per
1,000 in the islands.37 A population-based study conducted
in Göteborg, Sweden screened the total population born in
1977-1994 and still residing in the city in 2001. The rate for
any autism spectrum disorder over the entire 18-year period
was 53.3 per 10,000, with a sharp increase among the last
6-year cohort to a rate of 80.4 per 10,000.38
Many of the studies reporting the prevalence rates for ASD
do not differentiate the specific type of disorder. Researchers
in Montreal, Canada analyzed the overall prevalence and the
results by sub-type in 2003. They found the overall rate to be
6.5 per 1,000 with rates for autistic disorder at 2.2 per 1,000
and Asperger’s syndrome at 1.0 per 1,000. The most common
sub-type was PDD-NOS with a rate of 3.3 per 1,000.39
The reported trends and the sources of data are
summarized in Table 1. As can be seen by the summary,
rates per 1,000 vary over time, location, and methods
used to collect the data. In response to the apparent trends
and varying interpretations of data, researchers at McGill
University conducted a comprehensive and systematic
review of the literature, published in 2009, that attempted
to put information gained from numerous epidemiological
studies into perspective.40 Their work had three specific aims:
to clarify how cases of pervasive developmental disorders
are defined and identified in epidemiological surveys; to
develop the best estimates for the prevalence of autism and
related pervasive developmental disorders while factoring
in the methodological implications; and to interpret trends
observed in prevalence rates. The investigators reviewed 57
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Table 2: Summary of Prevalence Rates
*rates are reported per 1,000
Condition

Number
of Studies
Evaluated

Highest
Reported
Prevalence
Rate

Lowest
Reported
Prevalence
Rate

Median
Prevalence
Rate

Autistic
Disorder

47

7.26

0.07

1.27

Asperger
Syndrome

12

4.84

0.03

1.1

Childhood
Disintegrative
Disorder

11

0.092

0

0.02

studies published between 1966 and 2009 from 17 different
countries. Table 2 summarizes the results from their in-depth
review. The authors note many methodological limitations
and potential for lack of reliability but summarize their
analysis with a best estimate of 6 to 7 per 1,000 for the
prevalence of autism spectrum disorders.
Risk Factors
A myriad of researchers have been investigating possible
risk factors for the development of ASD, with the ultimate
goal of understanding and ameliorating the underlying cause.
Risks may be grouped into factors associated with maternal
characteristics and pre- and peri-natal influences; intrinsic
factors associated with race, ethnicity, and gender; genetics;
and environmental risks.
Maternal Factors, Complications with Pregnancy,
Timing of Conception, Environmental Factors
Increased maternal age, advanced paternal age,41,42 use of
fertility drugs, and maternal autoimmune disorders have all
been linked with increased risk of ASD. Autism diagnosis is
more likely in children born to older mothers, especially those
over the age of 45.18 Evidence from the Nurses’ Health Study
II suggests that a history of fertility problems and the use of
ovulation-inducing drugs is associated with nearly a 2-fold
increase in the odds of having a child with autism spectrum
disorder (Odds Ratio 1.9).43 Maternal history of rheumatoid
arthritis and celiac disease and a family history of type 1
diabetes were positively associated with increased rates of ASD,
suggesting that familial autoimmunity may play a role in the
pathogenesis of autism.44
Complications during pregnancy have also been studied
for association with ASD. A case-control study evaluating
twenty-eight different pre-, peri-, and neonatal factors found
a statistically significant higher incidence of uterine bleeding, a
lower incidence of maternal vaginal infection, and less maternal
use of contraceptives during conception as compared with the
general neuro-typical population.45 A study of children born
in Western Australia between 1980 and 1995 who were later
diagnosed with autism found a variety of obstetric risk factors
based on characteristics of the mother, as well as higher rates
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of labor and delivery complications. Children with ASD
were more likely to be born to older parents and were more
often firstborn. Mothers of children with ASD had greater
frequencies of threatened miscarriage, epidural anesthesia
during labor, labor induction, and a labor duration of less than
one hour. Children with ASD were more likely to have had fetal
distress, delivery by an elective or emergency cesarean section,
and an Apgar score of less than 6 at one minute. Because of
the large number of factors identified, the investigators suggest
that ASD is unlikely to be the result of a single obstetric factor.
Instead, they hypothesize that the increased rates of obstetrical
complications may in fact be due to underlying genetic factors
or perhaps due to an interaction of a variety of risk factors with
environmental triggers.46
A number of researchers have noted an increased risk of
ASD associated with summer conception and spring birth.
Earlier research conducted in Israel disputes these findings.
A cohort study evaluating data from the Israeli Draft Board’s
mandatory assessment of 17-year-olds found no association
between season of birth and prevalence of ASD.47 However,
more recent studies found that the rate of ASD was calculated
at 9.5 per 1,000 conceptions in summer, as compared with
rates of 5.1, 4.6, and 5.7 per 1,000 in the spring, autumn,
and winter months, respectively. When comparing the odds
for ASD in summer conception with autumn conception,
the odds were found to be doubled (OR 2.08; 95% CI
1.18 – 3.70). The increased rates associated with summer
conception correspond to a peak in ASD in spring births.48
Researchers from the Johns Hopkins Bloomberg School of
Public Health found three peaks in the singleton births of
children with ASD in April, June, and October, with similar
peaks in multiple births occurring about 2-4 weeks earlier.49
The evidence suggests that the presence of seasonal trends in
ASD birth rates supports the hypothesis that there are nonheritable factors playing a significant role in the development
of ASD during the pre- or perinatal period.49 The investigators
urge that further study on the seasonal influences of autism
is needed to identify possible environmental risk factors and
more clearly to understand their mechanisms and the timing
for influencing the development of ASD.48 Investigators
have explored the association between maternal vitamin D
deficiency as the underlying risk factor to explain seasonal
variation in birth rates. They hypothesize that vitamin D
deficiency and wintertime solar ultraviolet B radiation may
affect fetal brain development and the maternal immune
system during pregnancy.50
To further support the possibility of environmental factors
playing a role in the development of ASD, there is increasing
evidence that people with ASD show higher levels of toxins in
their bodies and that they are more likely to have reduced ability
appropriately to metabolize and to excrete environmental
toxins after exposure. Evidence is growing that links higher
rates of ASD near EPA Superfund sites, suggesting a combined
effect of genetic predisposition and environmental triggers.51
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Race, Ethnicity, Gender
A number of studies have found increased rates of
ASD among males. Investigators reviewing data collected
in Massachusetts for children born between 2001 and 2005
found that boys were 4.5 times more likely than girls to be
given an early diagnosis of ASD.18 In 2007, the Developmental
Disabilities Monitoring Network found differential rates in
males versus females ranging from 3.4:1, in three reporting
states, to 6.5:1 in the state with the highest gender differential.16
The National Survey of Children’s Health also found that the
increase in prevalence was greatest for boys.19 The greater
association with male gender is not completely understood but
may indicate that causative genes occur more frequently on the
X chromosome.52
Earlier research found differing rates based on race
and ethnicity. In 2000, five of six network surveillance sites
reported no statistically significant differences in the rate of
ASD between non-Hispanic black and non-Hispanic white
children. The exception was found in the state of Georgia,
with statistically significant higher rates of ASD among white
children. In 2003-2004, the prevalence of autism was found
to be lower among children of Latino heritage at rates of 2.6
per 1,000 versus 5.1 per 1,000. The same study found no
difference in rates between whites and blacks.53 In 2007, the
Developmental Disabilities Monitoring Network found a
higher prevalence among non-Hispanic white children than
for non-Hispanic black children.16
However, newer work suggests that the variance may, at
least in part, be explained by differences in access to care or
levels of awareness. Rates for children born in the earlier years
of a review conducted between 2001 and 2005 found that
white children were 30% more likely than African American
children, and 90% more likely than Hispanic children,
to be referred for an early-intervention program for ASD.
However, by the end of the study period, those differences had
disappeared.18

Screening and Diagnostic Processes
Screening Process
In 2004, a survey of pediatricians found that 44% of
the respondents reported caring for at least ten children with
Autism Spectrum Disorders. Despite that level of familiarity
with the disorder, only 8% reported that they routinely
screened for ASD.54
The evaluation process for determining whether an individ
ual has ASD can be considered in three phases: surveillance,
screening, and diagnosis. Surveillance is the ongoing process
of identifying children who may be at risk for developmental
delays, whereas screening is the use of standardized tools at
specific intervals to support and refine the risk.8
The American Academy of Pediatrics developed a
policy statement “Identifying Infants and Young Children
with Developmental Disorders in the Medical Home: An
Algorithm for Developmental Surveillance and Screening” in
Volume 2 | Issue 5 | 2014, October

2006.55 The algorithm provides a step-by-step process for the
actions and decisions used in routine surveillance and screening
and recommends that developmental surveillance should occur
at every well-child and preventive visit throughout childhood.
The policy recommends evaluating four areas in the surveillance
process: determining whether there is a history of a sibling
previously diagnosed with ASD, evaluating parental concern,
evaluating concerns raised by other care givers, and checking
for attainment of normal developmental milestones.56 If two
or more of these four areas raise a red flag for the possibility of
ASD, it is recommended that a formal screening be considered.
As suggested by this algorithm, screening can be done
when a child is at high risk of having an autism spectrum
disorder. Screenings may be done in the health care setting
or in the educational environment. When screenings are
done in the health care setting, they may commonly be
performed by pediatricians, nurse practitioners, speechlanguage pathologists, behavioral health professionals,
or other types of healthcare providers. The American
Academy of Pediatrics recommends that a standardized
screening tool be used at any point when concerns about
ASD are raised by a parent without prompting, as a result
of observations made by the clinician, or when questions
are raised about socialization, communication, or play
behaviors. In addition, the American Academy of Pediatrics
also recommends administering a standardized screening
instrument for ASD on all children at the 18-month
preventive care visit. A repeated screening at the age of
24 months is also recommended in an effort to identify
children who may regress after age 18 months.55,57 Doctors
of optometry may not typically include screening for ASD
in their current practice, but with some additional training
and education, screening tests could be incorporated.
In the school setting, screenings for autism spectrum
disorder might be performed by educational psychologists,
school nurses, or social workers. Teachers may be asked to
complete questionnaires or screening evaluations based on
their classroom observations.
Accuracy of the screening and diagnostic processes has
been reported in the literature for a variety of tests by assessing
sensitivity, specificity, predictive value, inter-rater reliability,
and test-retest reliability. Confounders can arise when
instruments are translated for different languages and different
cultures. Accuracy of the screening and diagnosis can be further
complicated by commonly occurring co-morbidities such as
other neurological or behavioral health disorders. Stability of
diagnosis can be called into question, particularly when the
diagnosis occurs at a young age.
The literature does describe a number of screening
instruments that have been evaluated for their utility in the
identification of children with ASD. It is important to consider
the age of the child when selecting the correct screening
instrument. Reports have identified a number of problems with
screening accuracy through rigorous and systematic evaluations

Optometry & Visual Performance

225

of sensitivity and specificity. Because of the importance of early
diagnosis of ASD, and the value of referral for a diagnostic
work-up and inclusion in early intervention programs, it
is essential that health care providers utilize well established
screening instruments to maximize their time and increase the
reliability of the assessment.58
The Autism Spectrum Quotient-Children’s Version (AQChild) is a questionnaire that relies on parent reporting to
quantify autistic traits in children aged 4 to 11 years. The AQChild was evaluated in a population-based study and found to
have both sensitivity and specificity levels of 95%.59
Another tool is the Social Responsiveness Scale (SRS). The
SRS is a brief quantitative measure of autistic traits designed
for use in 4- to 18-year olds. The SRS is designed for use by
parents, care-givers, or teachers to measure children’s social
impairments in a natural social setting.60 The measures include
social awareness, social information processing, capacity for
reciprocal social communication, social anxiety/avoidance,
and autistic preoccupations and traits. Investigators found
that internal consistency, long-term stability, and inter-rater
reliability were all high. It was noted that the SRS is capable
of distinguishing children with ASD from children who have
other psychiatric disorders or mental retardation.61 Another
version of the Social Responsiveness Scale was recently
developed for three-year-olds in an effort to support earlier
diagnosis. Inter-rater reliability comparing mothers’ ratings
with ratings by teachers and test-retest reliability were both
found to be highly correlated (Pearson’s r=0.75 for each). The
SRS was also found to agree with both the Vineland Adaptive
Behavior Composite (Pearson’s r=-0.86) and the scores for
social impairment on the Autism Diagnostic InterviewRevised (Pearson’s r=0.63). The investigators did note that
quantitative autistic scores improved over time, regardless of
treatment conditions.62
A study of children at high risk of ASD aged 20-40 months
evaluated the accuracy of three screening instruments: the Social
Communication Questionnaire (SCQ), the Autism Diagnostic
Interview-Revised (ADI-R), and the Autism Diagnostic
Observation Schedule (ADOS). The investigators determined
that the SCQ is likely to result in a high number of falsepositive findings. The SCQ and the ADI-R were found to be
highly correlated, but the agreement with clinical diagnosis was
poor for both measures. The authors suggest that the ADOS
should be considered the most valid and reliable measure for
very young children who are considered at risk for ASD.63
Extremely preterm birth (less than 26 weeks gestation) is
considered to be a risk factor for ASD that warrants screening.
The Social Communication Questionnaire (SCQ) was used to
evaluate a birth cohort of preterm survivors at age 11. A cutoff score of ≥ 14 was found to have the optimal utility with
a sensitivity of 91% and specificity of 86%. The investigators
noted that the screening had a low positive predictive value of
31%, resulting in a high rate of false-positives and over-referrals.
They suggest that these children with false-positive results on
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the SCQ represent a high-risk group who may have other types
of neuro-developmental, cognitive, and behavioral disabilities
for whom further assessment would be beneficial anyway.64
Infants who are born into families with one or more
children who have been previously diagnosed with ASD are
considered to be at higher risk and should be screened as early
as possible. The Autism Observation Scale for Infants (AOSI)
was developed to detect and monitor early signs of autism
as soon as they emerge in high-risk infants. The instrument
is currently being evaluated for use at 6, 12, and 18 months
with early indications that inter-rater reliability and test-retest
reliability are sufficient to make the instrument useful for early
screenings.65
Another screening instrument designed for use in very
young children is the Communication and Symbolic Behavior
Scales Developmental Profile Infant-Toddler (CSBS DP
IT checklist). The instrument consists of 24 items for the
parents to answer about their child’s emotions, eye gaze,
communication, gestures, and other behaviors, and it takes
about 5 minutes to complete. The checklist is available online
for free download and is designed to be used in pediatricians’
offices during well-child check-ups or routine visits, childcare
centers, or other facilities serving infants and toddlers and
their families. The checklist was not designed specifically for
ASD but for a variety of developmental delays. Recent research
found the instrument to be accurate 75% of the time when
used for detecting ASD.66,67
To further evaluate familial patterns of ASD, and to gain
a better understanding of genetic predisposition, the Broader
Phenotype Autism Symptom Scale (BPASS) was developed for
use with children who have a diagnosis along with their family
members. The instrument has been able to differentiate scores
by affected children from their unaffected parents, and it may
be a useful tool in screening for ASD among siblings.68
It is also important to note that the different subcategories
within the ASD spectrum may perform differently on screening
tests. The Childhood Asperger Syndrome Test (CAST) uses
parental responses to screen for high-functioning autism or
Asperger Syndrome, which typically has milder and fewer
symptoms as compared with autism disorder. The reliability
was determined to be accurate for use among children enrolled
in mainstream primary school, and test-retest reliability in the
general population was found to be high (kappa test statistic for
agreement 0.70; Spearman’s rho correlation 0.83).69 The testretest reliability among a high-scoring group was determined
to be of moderate level (kappa test statistic for agreement 0.41;
Spearman’s rho correlation 0.67).70
A number of screening instruments have also been
translated into different languages and assessed for their
accuracy. It can be particularly important to ensure that the
screening process is linguistically and culturally appropriate
because the evaluation of both language delays and intelligence
can be affected when a child’s primary language is a language
other than English. The Modified Checklist for Autism in
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Toddlers (M-CHAT) has been translated into several languages.
Its Arabic translation demonstrated attainment of a sensitivity
level of 0.86, a specificity level of 0.88, and a positive predictive
value of 0.88.71 The Autism Screening Questionnaire (ASQ)
has been translated into Portuguese and adapted to Brazilian
culture. Measurement properties of the translated instrument
are deemed to be satisfactory with a sensitivity of 0.925 and
specificity of 0.955.72 The ASQ has been translated into Dutch
with good reliability.73 The Diagnostic Interview for Social and
Communication Disorders (DISCO-10) has been translated
into Swedish with good psychometric properties.74
Given the number of screening instruments available,
and the apparent variation in accuracy based on the child’s
age, symptom severity, and ASD spectrum sub-type, selection
of an appropriate screening instrument can be daunting. To
gain better insight, researchers at the Ohio State University
evaluated five different screening instruments. Each of the
instruments was designed to be completed by a care-giver
and to be administered to children over the age of three.
The investigators reviewed the Social Communication
Questionnaire (SCQ), the Gilliam Autism Rating Scale/
Gilliam Autism Rating Scale-Second Edition (GARS/GARS2), Social Responsiveness Scale (SRS), Autism Spectrum
Screening Questionnaire (ASSQ), and the Asperger Syndrome
Diagnostic Scale (ASDS). Results indicated that the SCQ
performed well, with the SRS and ASSQ showing promise.
The GARS/GARS-2 and ASDS demonstrated poor levels of
sensitivity. The investigators emphasize that their review shows
that ASD screening instruments are in need of much more
scientific scrutiny.75
In 2007, the American Academy of Pediatrics and
the National Center on Birth Defects and Developmental
Disabilities at the Centers for Disease Control and Prevention
collaborated to develop a communication piece called “Autism
A.L.A.R.M.”76 This acronym stands for the phrases:
• Autism is prevalent
• Listen to parents
• Act early
• Refer
• Monitor
Additional information is provided in bullet-point
format for each section as a short reminder for appropriate
and recommended steps to improve awareness for appropriate
screening, diagnosis, treatments, and referrals. The one-page
flyer serves to highlight the prevalence of ASD, the value of
screening, reminders to listen to care-givers’ concerns, and the
urgency of making referrals to both specialists who care for
children with ASD and to early intervention programs with
the ultimate goal of improved outcomes.8
The American Academy of Pediatrics has classified ASDspecific screening tools designed to be used for all children
within the context of a primary care medical home as “Level
1” instruments.77 Level 1 screening instruments are designed
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with the goal of differentiating children who are at risk for ASD
from neuro-typically developing children. Level 1 screening
instruments include the Checklist of Autism in Toddlers
(CHAT), CHAT-Denver Modifications, Checklist for Autism
in Toddlers-23 (CHAT-23), Modified Checklist for Autism in
Toddlers (M-CHAT), and Pervasive Developmental Disorders
Screening Test-II, Primary Care Screener (PDDST-II PCS).8
Several aspects of surveillance and screening underwent
an evidence-based review for the development of a clinical
practice guideline summarizing screening and diagnosis
of autism.78 Reviewers evaluated six specific aspects. The
evidence-based process confirmed that screening specifically
for autism should be performed on all children failing
routine developmental surveillance procedures using either
the Checklist for Autism in Toddlers (CHAT) or the Autism
Screening Questionnaire (ASQ).
Modified Checklist for Autism in Toddlers:
Usefulness in Optometric Practice
In review of the differing screening methods, the Modified
Checklist for Autism in Toddlers (M-CHAT) is a tool designed
to identify children between 16 and 30 months of age who
are at risk for autism and who should be referred to the
appropriate healthcare provider to provide an evaluation for
autism spectrum disorder or a related developmental delay.
According to the developers of the M-CHAT, the M-CHAT
can be administered and scored during a well-child visit. They
also advise that the instrument can be utilized by specialists
or other professionals to screen for other developmental delay
and autism. Doctors of Optometry are not specifically listed as
one of the healthcare providers who can use this instrument.
However, as primary care providers, optometrists can fill an
important role in the process of screening for autism. The paper
version of the M-CHAT can easily be administered, either
when concerns arise or as part of a routine intake process. In
addition, utilizing online resources makes it relatively simple
to attain, administer, and score the test to assess for a child’s
risk of autism so they may be appropriately referred as needed.
The M-CHAT is a checklist comprised of 23 yes or no
questions which a parent answers based on observed behaviors
of their child (Table 3). It was designed and validated based
on parent responses for children aged 16 to 30 months. The
parent completes the checklist as it pertains to how the child
usually is. If a behavior is questioned, and the child only rarely
(once or twice) has demonstrated the behavior, then the answer
should reflect that the child does not do this behavior. After
the parent has completed the form, the provider administers a
set of specifically designed follow-up questions. Failure of two
of the critical items, or failure of any 3 items, warrants referral
to a specialist for a more thorough evaluation and possible
diagnostic assessment.
An online version can also be found at www.mchatscreen.
com or m-chat.org. It is intended to be administered by a
trained healthcare professional. Parents may also complete this
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Table 3: M-CHAT
Please fill out the following about your child’s usual behavior, and try to
answer every question. If the behavior is rare (you’ve only seen it once or
twice), please answer as if your child does not do it.
ITEM
1. Does your child enjoy being swung, bounced on your knee, etc.?
2. Does your child take an interest in other children?
3. Does your child like climbing on things, such as up stairs?
4. Does your child enjoy playing peek-a-boo/hide-and-seek?
5. 	Does your child ever pretend, for example, to talk on the phone or
take care of a doll or pretend other things?
6. 	Does your child ever use his/her index finger to point, to ask for
something?
7.	Does your child ever use his/her index finger to point, to indicate
interest in something?
8.	Can your child play properly with small toys (e.g. cars or blocks)
without just mouthing, fiddling, or dropping them?
9.	Does your child ever bring objects over to you (parent) to show you
something?
10.	Does your child look you in the eye for more than a second or two?
11.	Does your child ever seem oversensitive to noise?
(e.g., plugging ears)
12. Does your child smile in response to your face or your smile?
13.	Does your child imitate you? (e.g., you make a face-will your child
imitate it?)
14. Does your child respond to his/her name when you call?
15. If you point at a toy across the room, does your child look at it?
16. Does your child walk?
17. Does your child look at things you are looking at?
18. Does your child make unusual finger movements near his/her face?
19. Does your child try to attract your attention to his/her own activity?
20. Have you ever wondered if your child is deaf?
21. Does your child understand what people say?
22. Does your child sometimes stare at things or wander with purpose?
23.	Does your child look at your face to check your reaction when faced
with something unfamiliar?
© 1999 Diana Robins, Deborah Fein, & Marianne Barton

on their own. If parents complete the screening online, they
will answer the same 23 questions. Based on their answers, they
will automatically be asked the follow-up questions. When the
parent has finished, they will be given a printout which tells
them the risk that the child has for autism and which answers
indicate this; however, results should be discussed with the
patient’s healthcare provider regardless of the score. It is also
worthwhile to note that the M-CHAT has been translated into
over 50 other languages, although it has not been validated in
any language other than English.
The developers of the M-CHAT, Robins, Fein, and
Barton, developed the test with the intent to detect as many
children with autism as possible. This strategy tends to rely on
high test sensitivity but low test specificity and can result in a
high false positive rate. The M-CHAT screening strategy will
result in over-referrals in an effort to avoid the potential of
missing children who may benefit from an early intervention.
As a result, the test developers introduced the structured
follow-up interview. They state that even with the followup questions, a number of children who fail the M-CHAT
will not be diagnosed with autism but can still be at risk for
other delays. Most organizations recommend that a structured
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follow-up interview be provided every time the M-CHAT is
administered due to the high false positive rate. As with any
screening instrument, there are also cases when the M-CHAT
may not detect autism when it is actually present. Nonetheless,
it is a good tool to have in the toolbox.
Diagnostic Process
A review of the body of literature about ASD can produce
varying results due to the diversity in the diagnostic process.
Some publications rely on the standardized diagnostic criteria
found in the DSM-IV, while others used the International
Classification of Disease, 10th edition (ICD-10). Some reports
rely on diagnosis by a clinical specialist, while others are based
on parental communication or past history of a diagnosis.79
Beginning in May 2013, some may be adopting the DSM-5
criteria.
Diagnosing ASD is not a definitive process, in particular
when differentiating between the different types and
subcategories and when establishing an estimate of the level
of severity. Autism Spectrum Disorders are diagnosed purely
from a behavioral standpoint by determining whether certain
behaviors are present.79 Typically, this involves a formal
interview, administration of questionnaires, and observation
of the child, and it frequently takes place in a setting that is
unfamiliar to the child.
In the healthcare setting, the diagnostic process most
commonly involves a multidisciplinary team. The professionals
that should be involved include a psychologist, a psychiatrist, a
speech and language pathologist, and a neurologist. It can also
be helpful to include a physical therapist and/or an occupational
therapist. Perhaps all too infrequently, a doctor of optometry
may also be a participant in the diagnostic team. Genetic testing
may be recommended, as well as screening for related medical
issues such as sleep difficulties or gastrointestinal conditions. The
diagnostic process can be done as a group, in situations when
the health care delivery system allows, or may be conducted as a
series of individual appointments with each type of health care
professional in different settings or locations.79,80
The American Psychiatric Association’s Diagnostic and
Statistical Manual-IV, Text Revision (DSM-IV-TR) 1 provides
standardized criteria to help diagnose ASD.81 The criteria are
summarized in Table 4.
As previously mentioned, the DSM-5 diagnostic criteria
were published in May 2013. These new criteria are summarized
in Table 5. This change has been somewhat controversial.
Criticism regarding the conceptualization, collapsing of
categories, and heterogeneity in the phenotype expression has
been leveled.82-85 Implications for over- and under-diagnosis
must be considered.
School systems may also provide diagnostic assessments
based on observations made in the educational setting. The
school district’s multidisciplinary team usually includes a
school psychologist, a special education teacher, a speech
and language pathologist, an occupational therapist, a
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Table 4: DSM-IV Criteria
Diagnostic Criteria for 299.00 Autistic Disorder
A. Six or more items from (1), (2), and (3), with at least two from (1), and one
each from (2) and (3):
1.	qualitative impairment in social interaction, as manifested by at
least two of the following:
		a. marked impairment in the use of multiple nonverbal behaviors
such as eye-to-eye gaze, facial expression, body postures, and
gestures to regulate social interaction
		b. failure to develop peer relationships appropriate to develop
mental level
		c. a lack of spontaneous seeking to share enjoyment, interests,
or achievements with other people (e.g., by a lack of showing,
bringing, or pointing out objects of interest)
		d. lack of social or emotional reciprocity
2.	qualitative impairments in communication as manifested by at least
one of the following:
		a. delay in, or total lack of, the development of spoken language (not
accompanied by an attempt to compensate through alternative
modes of communication such as gesture or mime)
		b. in individuals with adequate speech, marked impairment in the
ability to initiate or sustain a conversation with others
		c. stereotyped and repetitive use of language or idiosyncratic
language
		d. lack of varied, spontaneous make-believe play or social imitative
play appropriate to developmental level
3. 	restricted repetitive and stereotyped patterns of behavior, interests,
and activities, as manifested by at least one of the following:
		a. encompassing preoccupation with one or more stereotyped and
restricted patterns of interest that is abnormal either in intensity
or focus
		b. a pparently inflexible adherence to specific, nonfunctional
routines or rituals
		c. stereotyped and repetitive motor manners (e.g., hand or finger
flapping or twisting, or complex whole-body movements)
		d. persistent preoccupation with parts of objects
B. Delays or abnormal functioning in at least one of the following areas,
with onset prior to age 3 years: (1) social interaction, (2) language as
used in social communication, or (3) symbolic or imaginative play.
C. 
The disturbance is not better accounted for by Rett’s Disorder or
Childhood Disintegrative Disorder.
Diagnostic Criteria for 299.80 Asperger's Disorder
A. Qualitative impairment in social interaction, as manifested by at least
two of the following:
1.	marked impairment in the use of multiple nonverbal behaviors such
as eye-to-eye gaze, facial expression, body postures, and gestures
to regulate social interaction
2.	failure to develop peer relationships appropriate to developmental
level
3.	
a lack of spontaneous seeking to share enjoyment, interests,
or achievements with other people (e.g., by a lack of showing,
bringing, or pointing out objects of interest to other people)
4.	lack of social or emotional reciprocity
B. Restricted repetitive and stereotyped patterns of behavior, interests,
and activities, as manifested by at least one of the following:
1.	encompassing preoccupation with one or more stereotyped and
restricted patterns of interest that is abnormal either in intensity of
focus
2.	apparently inflexible adherence to specific, nonfunctional routines
or rituals
3.	stereotyped and repetitive motor mannerisms (e.g., hand or finger
flapping or twisting, or complex whole-body movements)
4.	persistent preoccupation with parts of objects

299.90 Pervasive Developmental Disorder Not Otherwise Specified
(Including Atypical Autism)
This category should be used when there is a severe and pervasive
impairment in the development of reciprocal social interaction associated
with impairment in either verbal or nonverbal communication skills
or with the presence of stereotyped behavior, interests, and activities,
but the criteria are not met for a specific Pervasive Developmental
Disorder, Schizophrenia, Schizotypal Personality Disorder, or Avoidant
Personality Disorder. For example, this category includes "atypical
autism" - presentations that do not meet the criteria for Autistic Disorder
because of late age at onset, atypical symptomatology, subthreshold
symptomatology, or all of these.
Diagnostic Criteria for 330.80 Rett's Disorder
A. All of the following:
1.	apparently normal prenatal and perinatal development
2.	apparently normal psychomotor development through the first 5
months after birth
3. normal head circumference at birth
B. Onset of all of the following after the period of normal development:
1.	deceleration of head growth between ages 5 and 48 months
2.	loss of previously acquired purposeful hand skills between 5 and
30 months with the subsequent development of stereotyped hand
movements (e.g., hand-wringing or hand washing)
3.	loss of social engagement early in the course (although often social
interaction develops later)
4.	appearance of poorly coordinated gait or trunk movements
5.	severely impaired expressive and receptive language development
with severe psychomotor retardation
Diagnostic Criteria for 299.10 Childhood Disintegrative Disorder
A. Apparently normal development for at least the first 2 years after birth
as manifested by the presence of age-appropriate verbal and nonverbal
communication, social relationships, play, and adaptive behavior.
B. Clinically significant loss of previously acquired skills (before age 10
years) in at least two of the following areas:
1. expressive or receptive language
2. social skills or adaptive behavior
3. bowel or bladder control
4. play
5. motor skills
C. A
 bnormalities of functioning in at least two of the following areas:
1.	qualitative impairment in social interaction (e.g., impairment in
nonverbal behaviors, failure to develop peer relationships, lack of
social or emotional reciprocity)
2.	qualitative impairments in communication (e.g., delay or lack of
spoken language, inability to initiate or sustain a conversation,
stereotyped and repetitive use of language, lack of varied makebelieve play)
3.	restricted, repetitive, and stereotyped patterns of behavior, interest,
and activities, including motor stereotypes and mannerisms
D. 
The disturbance is not better accounted for by another specific
Pervasive Developmental Disorder or by Schizophrenia

C. 
The disturbance causes clinically significant impairment in social,
occupational, or other important areas of functioning.
D. There is no clinically significant general delay in language (e.g., single
words used by age 2 years, communicative phrases used by age 3 years).
E. There is no clinically significant delay in cognitive development or in
the development of age-appropriate self-help skills, adaptive behavior
(other than in social interaction), and curiosity about the environment
in childhood.
F. 
Criteria are not met for another specific Pervasive Developmental
Disorder or Schizophrenia.
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Table 5: DSM-V Criteria
Severity levels for autism spectrum disorder

Diagnostic Criteria for 299.00 Autism Spectrum Disorder
A. Persistent deficits in social communication and social interaction across
multiple contexts, as manifested by the following, currently or by
history (examples are illustrative, not exhaustive; see text):
1.	Deficits in social-emotional reciprocity, ranging, for example, from
abnormal social approach and failure of normal back-and-forth
conversation; to reduced sharing of interests, emotions, or affect; to
failure to initiate or respond to social interactions.
2.	Deficits in nonverbal communicative behaviors used for social
interaction, ranging, for example, from poorly integrated verbal
and nonverbal communication; to abnormalities in eye contact and
body language or deficits in understanding and use of gestures; to
a total lack of facial expressions and nonverbal communication.
3.	Deficits in developing, maintaining, and understanding relation
ships, ranging, for example, from difficulties adjusting behavior to
suit various social contexts; to difficulties in sharing imaginative
play or in making friends; to absence of interest in peers.
		Specify current severity: Severity is based on social communi
cation impairments and restricted, repetitive patterns of
behavior. (see next section in table)
B. Restricted, repetitive patterns of behavior, interests, or activities, as
manifested by at least two of the following, currently or by history
(examples are illustrative, not exhaustive; see text):
1.	Stereotyped or repetitive motor movements, use of objects, or
speech (e.g., simple motor stereotypes, lining up toys or flipping
objects, echolalia, idiosyncratic phrases).
2.	
Insistence on sameness, inflexible adherence to routines, or
ritualized patterns of verbal or nonverbal behavior (e.g., extreme
distress at small changes, difficulties with transitions, rigid thinking
patterns, greeting rituals, need to take same route or eat same food
every day).
3.	Highly restricted, fixated interests that are abnormal in intensity
or focus (e.g., strong attachment to or preoccupation with unusual
objects, excessively circumscribed or perseverative interests).
4.	Hyper- or hyporeactivity to sensory input or unusual interest in
sensory aspects of the environment (e.g., apparent indifference to
pain/temperature, adverse response to specific sounds or textures,
excessive smelling or touching of objects, visual fascination with
lights or movement).
		Specify current severity: Severity is based on social communi
cation impairments and restricted, repetitive patterns of
behavior. (see next section in table)
C. Symptoms must be present in the early developmental period (but
may not become fully manifest until social demands exceed limited
capacities, or may be masked by learned strategies in later life).
D. Symptoms cause clinically significant impairment in social, occupational,
or other important areas of current functioning.
E. These disturbances are not better explained by intellectual disability
(intellectual developmental disorder) or global developmental delay.
Intellectual disability and autism spectrum disorder frequently cooccur; to make comorbid diagnosis of autism spectrum disorder and
intellectual disability, social communication should be below that
expected for general developmental level.
N
 ote: Individuals with well-established DSM-IV diagnosis of autistic
disorder, Asperger’s disorder, or pervasive developmental disorder
not otherwise specified should be given the diagnosis of autism
spectrum disorder. Individuals who have marked deficits in social
communication, but whose symptoms do not otherwise meet criteria
for autism spectrum disorder, should be evaluated for social (pragmatic)
communication disorder.
	
Specify if: With or without accompanying intellectual impairment; With
or without accompanying language impairment; Associated with a
known medical or genetic condition or environmental factor; Associated
with another neurodevelopmental, mental or behavioral disorder; With
catatonia.
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A. Level 3 “Requiring very substantial support”
1.	Social communication: Severe deficits in verbal and nonverbal social
communication skills cause severe impairments in functioning,
very limited initiation of social interactions, and minimal response
to social overtures from others. For example, a person with few
words of intelligible speech who rarely initiates interaction and,
when he or she does, makes unusual approaches to meet needs
only and responds to only very direct social approaches.
2.	Restricted, repetitive behaviors: Inflexibility of behavior, extreme
difficulty coping with change, or other restricted/repetitive
behaviors markedly interfere with functioning in all spheres. Great
distress/difficulty changing focus or action.
B. Level 2 “Requiring substantial support”
1.	Social communication: Marked deficits in verbal and nonverbal
social communication skills; social impairments apparent even
with supports in place; limited initiation of social interactions; and
reduced or abnormal responses to social overtures from others. For
example, a person who speaks simple sentences, whose interaction
is limited to narrow special interests, and who has markedly odd
nonverbal communication.
2.	Restricted, repetitive behaviors: Inflexibility of behavior, difficulty
coping with change, or other restricted/repetitive behaviors
appear frequently enough to be obvious to the casual observer and
interfere with functioning in a variety of contexts. Distress and/or
difficulty changing focus or action.
C. Level 1 “Requiring support”
1.	Social communication: Without supports in place, deficits in social
communication cause noticeable impairments. Difficulty initiating
social interactions, and clear examples of atypical or unsuccessful
response to social overtures of others. May appear to have
decreased interest in social interactions. For example, a person who
is able to speak in full sentences and engages in communication
but whose to-and-fro conversation with others fails, and whose
attempts to make friends are odd and typically unsuccessful.
2.	Restricted, repetitive behaviors: Inflexibility of behavior causes
significant interference with functioning in one or more contexts.
Difficulty switching between activities. Problems of organization
and planning hamper independence.

psychiatrist, and the child’s classroom teacher. For young
children, an early intervention specialist may also be
included. The school’s primary focus is to determine the
child’s educational needs, so recommendations for medical
interventions and treatments are usually not included in this
type of assessment. Though medical recommendations are
not usually included, children may sometimes be referred
for a medical evaluation if there are suspected seizures or if
there are issues with medications. School systems tend to rely
heavily on the results of standardized tests, with the goal of
making the most objective determination possible.79
Currently, the Autism Diagnostic Observation Schedule
(ADOS) and the Autism Diagnostic Interview-Revised
(ADI-R) are considered to be the “gold standard” in the
diagnostic evaluation for autism.86 Researchers have also found
that the inclusion of an assessment of an individual’s adaptive
functioning, as measured by the Vineland Adaptive Behavior
Scales, can significantly improve diagnostic accuracy.87
One of the strategies that can be used in the diagnostic
process is a structured or semi-structured interview system. One
example is the Pervasive Developmental Disorders Assessment
System (PDDAS) that was developed in Japan. The PDDAS
consists of 91 items and takes approximately 90 minutes to
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administer. Inter-rater reliability appears to be high, with good
measures of discriminant validity.88
Questions remain about the earliest age at which diagnosis
of ASD can be made. To help address this concern, investigators
evaluated the reliability and stability of diagnoses made with
very young children, around the age of 14 months. Results were
promising, indicating that reliability and stability of diagnoses
reviewed at 23 months and 42 months were consistent. At 23
months it was determined that the inter-rater reliability of a
diagnosis of ASD was 87% with an overall stability for the
whole category of ASD at 91%. Stability varied with different
diagnoses within the autism spectrum. The lowest stability was
found for PDD-NOS at 54% and for autistic disorder at 63%.
At 42 months the majority of diagnostic changes were due to
decreased symptom severity, which allowed some children
to move from a diagnosis of autistic disorder to PDD-NOS.
Those children who moved outside of the ASD diagnostic
category at 42 months had demonstrated greater changes in
cognitive and language skills as compared with children who
had a stable diagnosis of ASD.89
The diagnostic process can be further complicated by the
presence of other similar conditions, or when co-morbidities
are present. For example, childhood onset schizophrenia
may present with overlapping symptoms that could meet the
ADOS and ADI-R criteria for an autism spectrum diagnosis.86
Psychiatric co-morbidities of depression, anxiety disorders,
and mood disorders are commonly present in half or more
individuals with Asperger’s syndrome.90 A study of children
diagnosed with PDD-NOS found that 80% had one or more
psychiatric co-morbidities with disruptive behavior disorder
and anxiety disorder being the most commonly occurring.91
The likelihood of facing a complex interaction from a variety of
interacting conditions has the potential to make the diagnostic
process ambiguous and confusing for both the providers and
the family members.
New Diagnostic Strategies
New strategies for the diagnosis of ASD rely on more
objective and repeatable strategies using genetic profiles,
phenotypic characteristics, and biological markers such as
electrophysiological changes.92 Recent advances are paving
the way for diagnostic processes based on neuro-anatomical
and neuro-physiological differences. Researchers began by
noting that enlarged head circumference commonly occurs
in children with ASD, and approximately 20-30% have
macrocephaly, which is defined as a head circumference greater
than 2 standard deviations above the mean value.93,94 It was
suggested that the large head size may result from increased
brain volume, which has been found in MRI studies.95,96
Studies of brain tissue from people with autism have
identified a variety of differences97-99 that may become useful
biomarkers, such as a reduction in the number of Purkinje
cells in the cerebellum; abnormalities in the forebrain limbic
system; abnormalities in the frontal and temporal lobe cortical
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microcolumns;100 developmental changes in cell size and
number in several identified regions such as the deep cerebellar
nuclei, inferior olive, and diagonal band of Broca; and
brainstem abnormalities and neocortical malformations.101
Researchers recently made headlines when preliminary
data from magnetic resonance imaging (MRI) scans were
used to diagnose ASD. An evaluation of the white matter
microstructure in regions of the brain responsible for language,
social functioning, and emotional behavior was able to
differentiate a group of males with ASD from matched controls
with 94% accuracy.
In an effort to improve early detection, researchers have
begun to note that children who develop autism show signs
of different brain responses as early as the first year of life. A
recent study conducted in Great Britain found that babies who
were first evaluated at six to ten months of age, then followed
at the age of three years, showed unusual patterns of brain
activity associated with the development of ASD. Babies who
were typically developing had a significant difference in brain
activity in response to a face looking towards them compared to
a face looking away. Babies who later developed symptoms of
ASD showed much less difference in brain activity in response
to eye contact or a face that was looking away. The investigators
hypothesize that direct brain measures might help predict the
future risk of autism in babies as young as six months old.103

Conclusion
As the expanding specter of the autism “epidemic”
continues to unfold, and as clinicians learn more about the
condition, its causes, and its manifestations, doctors of
optometry must continue to develop their knowledge of the
condition and to embrace further their roles and responsibilities
in the care for individuals with ASD. The Quality Standards
Subcommittee of the American Academy of Neurology and
the Child Neurology Society recently published an evidencebased practice guideline entitled “Practice parameter: screening
and diagnosis of autism.”78 The guideline names 20 different
participating organizations and authors and lists representatives
from 8 different associations. The authors and representatives
include pediatricians, neurologists, psychiatrists, psychologists,
occupational therapists, audiologists, speech-language-hearing
specialists, and researchers. The guidelines have been endorsed
by eight different professional associations and professional
societies. Despite the role that vision plays in the identification
of autism symptoms, the diagnostic process, and potential
therapies, doctors of optometry, ophthalmologists, and vision
professionals were not included at any point in the development
or endorsement process. Furthermore, while the guideline
includes recommendations for assessment of gait and cranial
nerves (along with other assessments) there is no mention of
vision, visual function, visual perception, or visual processing
noted anywhere in the document.
The authors of the guideline note that:
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“The immediate and long-term evaluation and monitoring
of autistic individuals requires a comprehensive multidisciplinary approach and can include one or more of the
following professionals: psychologists, neurologists, speechlanguage pathologists and audiologists, pediatricians, child
psychiatrists, occupational therapists, and physical therapists,
as well as educators and special educators.”78
Doctors of optometry can, and should, play an important
role in the care for individuals with ASD. It is time that
optometrists assume their role as primary care providers
to care for vulnerable populations such as individuals on
the autism spectrum. By providing needed services, by
increasing awareness about the importance of vision, and by
assuming an inter-professional role in the collaborative care
for complex needs, doctors of optometry will serve the public
to help fill in the missing presence in care coordination for
patients with ASD.
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