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Abstract
Background: The objective of this study is to gain new insights into the relationship between clinical
signs and age at diagnosis.

Method: We utilize a new, large, online survey of parents of children diagnosed with ASD, and use multiple
statistical approaches.

Results: We �nd that clinical signs that most strongly predict early diagnosis are not necessarily speci�c
to autism, but rather those that initiate the process that eventually leads to an ASD diagnosis. Given the
high correlations between symptoms, only a few signs are found to be important in predicting early
diagnosis.  For several clinical signs we �nd that their presence and intensity are positively correlated
with delayed diagnosis (e.g., tantrums and aggression). Even though our data are drawn from parents’
retrospective accounts, we provide evidence that parental recall bias and/or hindsight bias did not play a
signi�cant role in shaping our results.

Conclusion: In the subset of children without early de�cits in communication, diagnosis is delayed, and
this might be improved if more attention will be given to clinical signs that are not necessarily considered
as ASD symptoms. Our �ndings also suggest that careful attention should be paid to children showing
excessive tantrums or aggression, as these behaviors may interfere with an early ASD diagnoses.

Background
Given evidence that the timing of interventions can have a large impact on trajectories of children
diagnosed with autism spectrum disorder (ASD) (Filipek et al., 1999; Dawson, 2008; Warren et al., 2011;
Anderson, Liang and Lord, 2014; Bradshaw et al., 2014; McPheeters et al., 2016; Siu et al., 2016), timing of
diagnosis has assumed increasing signi�cance. Timely diagnosis not only enables early clinical and
educational intervention, but also relieves parental distress (Gray, 2002; Pisula, 2003), which in turn
ameliorates secondary impacts of ASD (Howlin, 1999). Obtaining an accurate estimate of the number of
children affected across different age categories is also essential to guide policies and plan service needs
(Wiggins, Baio and Rice, 2006).

There is extensive evidence, from both population and clinical samples, that ASD can be reliably
diagnosed before the age of 2 (Howlin and Asgharian, 1999; Sivberg, 2002; Watson et al., 2007;
Zuckerman, Lindly and Sinche, 2015; Christensen et al., 2016; Pierce, Courchesne and Bacon, 2016), yet
the Center for Disease Control and Prevention (CDC) estimates that the median age at diagnosis is
3 years 10 months for more severe autistic disorders, 4 years 1 month for pervasive developmental
disorder – not otherwise speci�ed, and 6 years 2 months for Asperger disorder (Christensen et al., 2016).
Thus, most children who are ultimately diagnosed with ASD are not diagnosed until after the age of 4,
despite the fact that parents often express concerns a year or two before this age (Zuckerman, Lindly and
Sinche, 2015). Family members and caretakers are typically the �rst to raise concerns, usually before the
second year of age (Frith and Soares, 1993; Howlin and Asgharian, 1999; Sivberg, 2002).
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Numerous studies show that both the prevalence and age of diagnosis are correlated with family
socioeconomic status (SES). Children of more educated and wealthier parents are more likely to be
diagnosed with ASD, and to be diagnosed earlier. With regard to race and ethnicity, the evidence is mixed.
While minority children are less likely to be diagnosed with ASD (Mandell et al., 2009), differences in age
of diagnosis across racial and ethnic groups are not signi�cant after controlling for parents’ wealth and
education (Mandell et al., 2002, 2009; Wiggins, Baio and Rice, 2006; Shattuck et al., 2009). Other factors
shown to be correlated with age of diagnosis are family structure (e.g., the presence of grandparents in
the household) (Sicherman et al., 2018), birth order, the type of diagnosis (e.g., Asperger being diagnosed
later than other conditions), and level of urbanization; children in urban areas are diagnosed signi�cantly
earlier (Mandell and Palmer, 2005).

In the US, the median age at diagnosis is highly variable across states (Shattuck et al., 2009; Christensen
et al., 2016). Rates of diagnosis in different states are affected by the availability of resources (Mandell
and Palmer, 2005; Palmer et al., 2005), distribution of clinics, density of doctors, existence of early
screening and intervention programs, and strength of parents' organizations. Rates of diagnosis also
correlate with the type of welfare regime in the state, and the state’s history of de-institutionalization for
intellectual disabilities (Eyal et al., 2010). Across states, however, the age of diagnosis is decreasing over
time (Mandell and Palmer, 2005; Christensen et al., 2016), suggesting continuous improvements in ASD
detection.

Given a lack of clinical biomarkers for ASD, currently, diagnosis typically relies on both behavioral
observation by a quali�ed clinician and parental report of developmental history and current presentation.
Clinical signs are clearly important, given that family members, caretakers, and health-care professionals,
who are typically the �rst to raise concerns, necessarily rely on observations of signs to initiate the
processes that eventually lead to diagnosis and treatment. However, only a small number of studies have
examined the correlation between the age of diagnosis and the presence and severity of various speci�c
signs, either separately or jointly (Mandell, Novak and Zubritsky, 2005; Fountain, King and Bearman,
2011). Several studies have shown that overall severity leads to earlier diagnosis (Wiggins, Baio and Rice,
2006), and that speci�c or broad categories of signs are associated with either earlier or later diagnosis
(Daniels and Mandell, 2014). However, we are not aware of any study that systematically looks at a large
set of symptoms and signs and their level of severity, their correlation with one-another, and their
connection to age of diagnosis.

The objective of the research reported in this article is to disentangle the relationship between symptoms,
clinical signs, and age of diagnosis, utilizing a new, large, online survey of parents of children diagnosed
with ASD. In addition to asking about the age at which their child was diagnosed with ASD, the survey
presented parents with a list of 25 clinical signs and symptoms, and asked them, using a slider, to
indicate which signs their child exhibited around the time of diagnosis as well as the level of severity. We
�nd that the clinical signs that most strongly predict early diagnosis are not necessarily speci�c to autism
(e.g., speech delay), but more likely index what parents expect of normal development in the home in the
�rst 2 years of life. Signs not speci�cally associated with ASD can have this effect if they lead parents to
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seek input from professionals who are knowledgeable about ASD. We discuss practical implications of
our �ndings for efforts to reduce the age of ASD diagnosis.

Since our analysis is based on a retrospective survey, there are two types of potential biases. The �rst is
recall bias: The accuracy and quality of responses could diminish with the time elapsed since the child
was diagnosed until the survey date. We conducted several statistical analyses to test whether our data
are subject to recall bias and these did not yield evidence of such bias (see Appendix B for detailed
analysis). Second, parents' recall of the type of clinical signs and symptoms exhibited by their child prior
to diagnosis could be distorted by their awareness, at the time of completing the survey, of their child’s
diagnosis. However, our results run contrary to what one would expect if such a bias were present. If
parents' recall was in�uenced by current diagnosis in a fashion consistent with hindsight bias – the
tendency to believe that one knew in the past what one knows in the present – then they would be more
likely to emphasize symptoms that are speci�c to autism, i.e., that differentiate autism from other
conditions, yet we �nd the opposite. We caution, however, that the same does not necessarily hold for
parents’ recall of the severity of their children’s signs. Consequently, we have less con�dence in our results
regarding severity. Finally, it should be noted that prospective epidemiological research on this question is
impractical. Only a small fraction of all children are diagnosed with ASD; hence an epidemiological
sample of parents of children who have not yet been diagnosed with ASD will contain too few cases of
children who will end up with ASD diagnosis later. For this reason, we believe that despite the well-known
problems with retrospective studies, our approach – especially given the direction of our results and the
additional tests we conducted to rule out retrospective bias (see Appendix B) – is the best way to shed
light on this crucial question.

Methods

Sample
An online survey, approved by the Institutional Review Board, was completed by 1,815 parents of children
who were previously diagnosed with ASD. Potential participants, who were contacted by email, were
selected from the Interactive Autism Network (IAN) Research Database and Registry at the Kennedy
Krieger Institute, Baltimore, MD.

The IAN Research database and research registry was designed to facilitate ASD research efforts by
informing participants about studies for which they qualify. All the participants in the database are
parents of children whose ASD diagnosis has been clinically validated (Lee et al., 2010; Marvin et al.,
2014) as well as veri�ed by a review of parent- and professional-provided medical records (Daniels et al.,
2012). To date, IAN Research has provided recruitment and/or data services for more than 500 research
studies. IAN Research is governed by a Johns Hopkins Medicine IRB (NA_00002750; PI: Dr. Paul H.
Lipkin).
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It is di�cult to estimate response rate. We estimate that the recruitment email went to approximately
11,300 e-mail addresses (excluding emails of participants reported as deceased, bounced emails, and
emails excluded per participant request). However, we cannot tell how many emails were actually
received and read. Thus, the response rate is at least 16%.

Demographic and socio-economic information on parents collected in the study included ethnicity,
education, household income, and urban/rural residence. Data from the survey was supplemented with
information previously collected by IAN on each of the children in our sample.

In cases where more than one child in the family was diagnosed, parents were asked to answer the
survey with regard to their �rst diagnosed child. After deleting cases for which crucial variables were
missing (e.g., age of diagnosis), the sample size was reduced to 1,743. Descriptive statistics of the
sample are reported in Appendix Table 1 (Supplemental Material).

Survey
This survey is part of a larger project that addresses various factors that could affect the age of
diagnosis. In this study we focus on a limited number of questions from the survey. Parents were
provided with a list of 25 signs and asked to report those exhibited by their child around the time of
his/her diagnosis. Most signs were taken from the diagnostic criteria for autism from the Diagnostic and
Statistical Manual for Mental Disorders (DSM). Some modi�cations to the list were made following a
pilot study in which parents also listed signs that are not unique to individuals with autism (Sicherman et
al., 2018). This prior study found that there were some signs that, while not unique to ASD, were
frequently cited by parents, and may have led them to seek professional help and to obtain a diagnosis.

For each clinical sign or symptom, the respondent could indicate, using a slider, the level of severity
ranging from “none” to “severe.” Other intermediate levels were labeled (at equal intervals) as “minor,”
“moderate,” and “serious.” Respondents could position the slider anywhere along the scale. Responses
were translated to a numerical value on a 010 scale. A zero response indicates that a child did not display
that particular symptom. The list of the symptoms that parents were asked to assess is presented in
Table 1.

Covariates
In addition to the detailed description of clinical signs, we control in some statistical analyses for socio-
economic variables such as ethnicity, parents’ education, family income, and location (urban vs. rural).
Other covariates that we include in some analyses are year of birth, to account for the overall increase in
diagnosis over time, and a dummy variable for a diagnosis of Asperger, to account for the fact that such
children tend to be diagnosed later. Given the retrospective nature of the study, we also use the time
elapsed between the time of diagnosis and the date of survey to check for potential biases (see the Study
Limitations section and App. B).

Statistical analyses
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To explore characteristics of the data we examined the median and the distribution of all items on the
clinical signs list, as well as the correlation structure between individual signs.

Subsequently, we used two statistical methods to study the link between symptoms and age of
diagnosis: factor analysis and regression trees. Each of these methods takes a different approach to
addressing the same problem: identifying the patterns of signs that lead, most reliably, to early diagnosis
of ASD.

Factor analysis

Factor analysis is designed to distill multiple variables into smaller sets of factors representing key
sources of unique – i.e., non-redundant – variance. For example, a large number of questions designed to
measure personality could be distilled, using factor analysis, into measures of a much smaller number of
speci�c traits, such as introversion and impulsivity. This approach allowed us to avoid the problems
associated with estimating the effects of multiple signs that are highly correlated by replacing them with
the scores of a limited number of uncorrelated factors.

Regression Trees

Regression trees is a class of machine learning models that make it possible to estimate non-linear
relationships in an easily interpretable fashion. Clinical signs whose severity allows for best prediction of
early vs late diagnosis were identi�ed in an iterative and hierarchical way. The regression tree analysis
�rst identi�es, for each sign, the level of severity that best splits the sample between children who are
diagnosed earlier and those diagnosed later. Then, among all signs, the signs that allows for the best
separation of the sample into children with early versus late diagnosis is selected as the �rst node in the
tree. Two branches are then created, one for children with early diagnosis and one for children with late
diagnosis. The above procedure is repeated for each branch, creating two new nodes. This process
continues at each node of the tree, until no symptom can further split the sample into two groups such
that the differences in age of diagnosis between the groups (early and late diagnosis) are statistically
different. In the Results section, we provide more details on the tree construction.

Results
Sample demographic and symptom characteristics

Appendix Table 1 reports the socio-economic characteristics of the sample and compares them to that of
the US population. Similar to other studies, the children in our sample are from wealthier, more educated,
and more urban families than the US average. Representation of minority groups, especially Hispanic and
Black, is also lower than their share of the US population. The effects of various socioeconomic variables
on the age of diagnosis in our sample are reported in Appendix Table 2.

The percent of children that, at time of diagnosis, displayed each of the signs listed in the survey, as well
as (for those who reported them) their median values of severity, are presented in Table 1. Figure 1
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presents the value distributions of each signs. As can be seen, the modal responses for most signs are
either zero (indicating that a child did not exhibit the symptom) or the highest severity level (10). However,
there are su�cient numbers of intermediate severity values reported to render severity level a potentially
useful input into statistical analyses.

Correlations between severity and age of diagnosis (Univariate Analysis).

Before presenting results using factor analysis and regression trees, we report some basic correlations
between each sign and the age of diagnosis. Figure 2 displays graphically, for each sign, the average
effect of a one unit increase in reported severity on the age of diagnosis (in months). Each horizontal line
describes the 95% con�dence interval for the effect, and the dot in the center displays the point estimate
(see Appendix A for more details).

For most signs, higher severity was predictive of an earlier age of diagnosis (the lines are on the left side
of the panel, indicating a negative relationship between severity and age of diagnosis).

Delayed speech, delay in response to own name, and lack of gesture had the strongest effects. Most
regressions of skills were associated with an earlier age of diagnosis, except for loss of motor and daily
living skills, whose effects were non-signi�cant. However, given that regressive symptoms were less
frequently reported by parents, their usefulness for early diagnosis might be limited.

Interestingly, signs associated with aggression as well as “need for sameness” and sensory
hyperreactivity are positively correlated with the age of diagnosis; children exhibiting these symptoms are
diagnosed later, on average. In the Discussion Section we provide possible explanations to this �nding.

A limitation of the univariate analysis is that the existence of some signs may be correlated with the
existence of others, so that individual signs provide redundant clues about a child’s condition. We use two
methodologies to estimate the joint effects of various symptoms on the age of diagnosis: factor analysis
and regression trees.

A seemingly natural approach to dealing with this problem would be to estimate the effect of one sign
controlling for the effect of each of the others in a multiple regression. This approach proved infeasible
due to multicolinearity. The high correlations between many of the signs (see Table 2) increases the
variance of the coe�cient estimates and makes the coe�cient estimates unstable and di�cult to
interpret. We, therefore, use factor analysis and regression trees to avoid such problems. The estimation
results using a multiple regression are reported in Appendix A.

Factor analysis

Factor analysis is most suitable when the correlation between variables of interest is relatively high. A
visual examination of the correlations across signs (Table 2) shows a relatively large number of
correlations with values of 0.3 and higher (35.7% of the pairwise correlations). Using the Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy, the standard test of whether a data set is appropriate for



Page 9/22

factor analysis, yielded a value of 0.91, suggesting a high degree of suitability for factor analysis (Kaiser
and Rice, 1974).

Using varimax rotation, we identi�ed 5 distinct factors. Table 3 reports the mapping of the 25 signs to
these �ve factors and the labels we chose for these factors. Three of those factors mapped well onto a
triad of ASD diagnostic impairments (social interaction, communication, and restrictive/repetitive
behaviors). Two additional factors represented items relevant to developmental regression and
aggressive behaviors.

The next step in our analysis was to use the weights from the factor analysis to generate factor scores
for each child and each factor. The factor scores are then included as independent variables in a
regression model in which, as before, the dependent variable is age of diagnosis. Therefore, instead of
including all 25 symptoms in one regression, we use the 5 factor scores. This avoids the problem of
multicollinearity, since factors are, by construction, uncorrelated with one-another, and, by reducing the
number of independent variables, increases statistical power.

The results of this regression are reported in Table 4, Column 1. The factor representing communication
di�culties was the strongest predictor of age of diagnosis, with higher levels of severity associated with
signi�cantly lower age of diagnosis. Unfortunately, one of the drawbacks of factor analysis is that there
is no interpretation to the values of the estimated coe�cients.

Developmental regression and restricted-and-repetitive-behaviors (RRBs) were also predictive of earlier
age at diagnosis, although much less predictive than communication di�culties. Presence of aggressive
behaviors, on the other hand, was associated with a delayed diagnosis. Adding to the regression socio-
economic indicators, the child’s year of birth, and an indicator for an Asperger diagnosis (Table 4, Column
2), did not much affect the results.

To test the hypothesis that individual signs play an important role in predicting age of diagnosis beyond
what is captured by the overall severity of the child condition, we constructed a measure of overall
severity by counting the number of signs that the parents reported with a positive level of severity. The
results, reported in Table 4, column 3, show that, on average, a one unit increase in the number of signs
reduced the age of diagnosis by almost one month. However, when the regression also includes the �ve
factors representing the effects of the individual signs (Table 4, columns 4 and 5), the effect of overall
severity becomes insigni�cant.

Regression Trees

We conducted a regression tree analysis using a package called RPART (Therneau and Atkinson, 2017).
As described earlier, the �rst step in constructing the tree is to �nd, for each sign, the level of severity (on
the 0–10 scale) that best split the sample into two groups, those who are diagnosed earlier and those
who are diagnosed later. The estimation procedure is similar to running numerous Ordinary Least
Squares (OLS) regressions for each sign, where the dependent variable is the age of diagnosis and the
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independent variable is a dummy variable indicating high vs. low severity of the sign. In each regression
we use a different level of severity to construct the cutoff for the high/low dummy variable. The best
cutoff point is produced by the RPART package using “Gini Index” and is, intuitively, similar to choosing a
cutoff point that produces the highest explained variation (R2) for each sign.

The results of this �rst step are presented in Table 5. For example, for “delayed speech” the level of
severity of 5.75 best divides the sample by age of diagnosis. For children with severity levels of 5.75 or
below, the mean age of diagnosis is 63.7 months (median = 58), while for children with levels of severity
above 5.75 the mean age of diagnosis is 34.9 (median = 30). The extremely low p-values indicate that,
with almost certainty, the population mean age of diagnosis for children above the split is different (and
lower) than those with severity level below the split.

At the bottom of the table are signs for which no level of severity could separate the sample into two
groups where the age of diagnosis of one group was signi�cantly different from that of the other.

In creating the tree (Fig. 3) we work from top down, �rst picking the sign for the top of the tree that best
divides the sample between children who are diagnosed earlier and those who are diagnosed later, based
on the criteria discussed above. This is “delayed speech,” which, with a cutoff level of 5.8 (all cutoffs
numbers are rounded in the �gure) splits our sample into two groups: 62% (n = 740) with a severity level
of 5.8 or above have an average age of diagnosis of 35 months, and 38% of the sample (n = 463), with a
severity level below 5.8, have an average age of diagnosis of 64 months.

Next, for each of these sub-groups, we again split the sample, using the same criteria. We repeat this
process until we cannot split the sample into two sub-groups such that the difference in the age of
diagnosis is statistically signi�cant.

From Fig. 3, we can see that when we limit the sample to the children with high severity of delayed
speech (node 2, where severity level is ≥ 5.8), the only remaining sign that further splits this sub-sample
is “lack of gestures” where the cutoff level of 5.7 splits our sample into two groups (nodes 4 and 5): 42%
(n = 500) with a severity level of 5.7 or above have an average age of diagnosis of 32 months, and 20% of
the sample (n = 240), with a severity level below 5.7, have an average age of diagnosis of 42 months. As
the graph shows, these two groups, both relatively large, cannot be further divided.

Going back up the tree, of children with relatively low severity of delayed speech (node 3), the symptom
that best divides this sample is “delayed response to name.” Notice that here the cutoff level is quite low
(0.75), suggesting that among children with no (or low level of) delayed speech, any level of delayed
response to name is important in predicting the age of diagnosis. The cutoff level of 0.75 splits the
subsample into two groups (nodes 6 and 7): 22% (n = 264) with a severity level of 0.75 or above have an
average age of diagnosis of 55 months (node 6), and 17% of the sample (n = 199), with a severity level
below 0.75, have an average age of diagnosis of 75 months (node 7). Again, the rationale for such a split
seems intuitive, at least after the fact. Speech could be delayed for a variety of reasons and the delay can
take many forms, for example, an ability to receive and understand speech without the capacity to speak.
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If the child does not respond to his name, however, the lack of response is likely to be more diagnostic, to
be indicative of a lack of attachment or lack of social awareness, “autistic aloneness.” Combined with
di�culties in initiating relationships we get the “Asperger” type and a later diagnosis (node 8).

Looking at the sample represented by node 6, we see that the sign that best splits this sample is
“di�culties in initiating and/or maintaining relationships.” The cutoff level of 6.0 splits our sample into
two groups (nodes 8 and 9). Fourteen percent (n = 170) with a severity level of 6 or above have an
average age of diagnosis of 61 months, and 8% of the sample (n = 94), with a severity level below 6, have
an average age of diagnosis of 45 months. It should be noted that here, children that exhibit the sign at
higher severity are actually diagnosed at an older age.

Moving up to the sample represented by node 7 (low levels of delayed speech and low levels of delayed
response to own name), the symptom that best split the sample is “need for sameness,” and the cutoff
level of 2.3 splits our sample into two groups (nodes 11 and 15). Here again, children who exhibit the sign
at higher severity are diagnosed at an older age. The 14% (n = 174) with a severity level of 2.3 or above
have an average age of diagnosis of 79 months, and the 2% of the sample (n = 25), with a severity level
below 2.3, have an average age of diagnosis of 48 months. This group cannot be further split, most likely
due to small sample size.

Going back to node 11, the sign that best split this sample is “played with toys or objects in an unusual
way.” The cutoff level of 5.6 splits our sample into two groups (nodes 10 and 13). Children with the higher
level of severity have a lower age of diagnosis. The 6% of our sample (n = 67) with a severity level of 5.6
or greater have an average age of diagnosis of 68 months, and 9% of the sample (n = 107), with a severity
level below 5.6, have an average age of diagnosis of 86 months. Notice that this sub-group has the
highest age of diagnosis so far. Looking at this speci�c subgroup we see that once again “delayed
speech” is the sign that best splits it. Note that we have here a small sub-group of children with relatively
low levels of delayed speech. However, when limiting the sample to this sub-group, those with relatively
more delayed speech are diagnosed earlier. A cutoff level of 3.8 divides the group into our last two
subgroups, represented by nodes 12 and 14. Children with delayed speech levels of 3.8 or above are
diagnosed at an average age of 56 months, and children with severity level below 3.8 are diagnosed at an
average age of 91 months. The groups’ sizes are 15 (1%) and 92 (8%) respectively.

In sum, the regression tree analysis identi�es speech delay, lack of gestures and delayed response to
name – all components of factor 3 in the factor analysis - as the key signs leading to early diagnosis (the
lighter the node’s color in Fig. 3, the earlier is the diagnosis).

Discussion
Our study analyzed, using several different analytical approaches, variation in age of diagnosis as a
function of a child’s signs and symptoms at time of diagnosis. Leveraging a unique sample of over 1,600
children with an ASD diagnosis, for whom detailed demographic and clinical information was available,
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allowed us to explore a variety of clinical factors associated with age of diagnosis, while controlling for
key environmental factors identi�ed by previous studies (SES, urban/rural residence and cohort).

The different methodologies we employed yielded overlapping, but informatively distinct �ndings. All
analyses strongly point towards de�cits in early communication as an important factor in early
diagnosis, �ndings that corroborate and build on previous research. We showed that de�cits in early
communication are predictive of age at diagnosis over and above overall symptom severity. Importantly,
these symptoms were observed by parents much earlier than the current median age of diagnosis. This
suggests the potential value of designing targeted tools that could enable family members to identify key
early symptoms of ASD before they come to the attention of healthcare specialists.

De�cits in communication as the earliest indicators of ASD

Our results indicated that early de�cits in communication – particularly responding to one’s name, lack of
gestures, and delayed language,– are all strongly associated with an earlier age at diagnosis. Using a
machine learning approach, we show that children whose parents reported the presence of high severity
of those signs were diagnosed with ASD 33 months earlier compared to children whose parents either did
not observe those sings or observed only their milder presentations.

The �nding that early de�cits in communication are predictive of early diagnosis is consistent with earlier
studies which found that problems with verbal and nonverbal communication, rather than abnormal
social interactions or presence of restricted/repetitive behaviors, are key for early detection of ASD
(Mandell, Novak and Zubritsky, 2005). Using, to our knowledge, one of the biggest sample to date, we
replicated the �nding from a number of studies that parental concerns about child’s communication are
the earliest signs of an underlying ASD (Giacomo and Fombonne, 1998; Chawarska et al., 2009; Pierce et
al., 2011). As we noted earlier, the most likely explanation for this �nding is that these symptoms index
what parents expect of normal development in the home in the �rst 2 years of life. If we think of child
development not only as a process of biological maturation, but also as a social “career” (Goffman 1961,
Eyal el al 2010, pp. 21–22) in the course of which children transition from simpler to more complex social
situations, it stands to reason that the factors predictive of early diagnosis would involve the most basic
skills of social communication. These signs are likely to trigger a referral to early intervention programs,
where such programs exist (recall the �nding that early diagnosis is strongly correlated with urban
residence). Other signs more strongly indicative of ASD will then become more evident against the
background of the type of interactions expected in these programs, in which therapists work one-on-one
with children and often involve children in group activities. Given the experience of early intervention
workers with many types of disabilities, they are much more likely to attend to these more speci�c signs
and to suggest a referral to diagnosis.

Daniels and Mandell (2014) speculated that the later age of diagnosis in Asperger’s Syndrome vs. autism
is due to lack of speech delay in the former, making it less evident until children move into the more
socially demanding environment of school. Chawarska and colleagues provide evidence for such
heterogeneity in the early course of ASD, and propose that the lack of such communication problems in
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early development may mask social di�culties until later in development, contributing to a delay in the
diagnosis (Chawarska et al., 2014; Kim et al., 2016). Similarly, several studies suggested that
restrictive/repetitive behaviors appear to worsen with age (Lord, 1995; Cox et al., 1999; Filipek et al., 1999;
Guthrie et al., 2013). Lord (1995) speculates that, since these behaviors are also present in normally
developing young children, the worsening may re�ect the fact that “parents become better able to
recognize the absence of normal development as children grow older” (page 1377). This improved ability
owes, no doubt, to a greater range of experiences and comparisons as children begin to exit the home
environment, and as normally developing children respond more appropriately to the demands of new
environments. Collectively, this evidence suggests that some of the efforts towards reducing the age at
diagnosis should better re�ect how the disorder manifests differently over time due to both maturational
changes, and the transitions in social environments that children typically undergo. The full set of signs
required for a formal diagnosis are not likely to emerge until later in development; yet by this time an
important window of opportunity for early intervention may have been missed. This argument is
supported by studies showing that clinician judgement, rather than use of standardized diagnostic
criteria, was associated with an earlier and more stable diagnosis (Lord et al., 2006). It is also in
agreement with a tri-level model of autism screening and diagnosis, the �rst level of which consist of
generic developmental surveillance as soon and as often as possible and the second which involves
referral to early intervention when necessary. Only at the third level, which would typically follow early
intervention at a somewhat later age, would the full and formal diagnostic schedule become relevant.

Factors associated with a delayed diagnosis

Our results suggest that temper tantrums and aggression as well as “need for sameness” and sensory
hyperreactivity are positively correlated with the age of diagnosis; children exhibiting these symptoms are
diagnosed later, on average.

Note, moreover, that these clinical signs are relatively uncorrelated with all other signs in Table 3 (apart
from “need for sameness”). This suggests that this cluster is associated with a particular ASD subtype,
the presentation of which is milder, and hence does not become obvious until the child is older and has
transitioned into relatively complex and socially demanding settings. Indeed, the diagnostic delay
associated with these symptoms may itself be a cause of those symptoms, which emerge as a
consequence of non-recognized ASD-related di�culties.

An alternative explanation is that such clinical signs may mask other ASD-associated signs. For example,
an aggressive child would be �rst treated for aggression and not much else and then, over time,
additional diagnoses would be considered This in turn indicates that children showing excess temper
tantrums and/or aggression should be evaluated for autism, rather than awaiting more obviously ASD-
linked signs.

Study Limitations
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One limitation of our study is that the sample is limited to children who were eventually diagnosed with
ASD, and hence does not include information on the prevalence and severity of clinical signs among
children who were not diagnosed with ASD. As a consequence, we could only establish their connection
to age at diagnosis, but not their overall usefulness in predicting which children will go on to develop
ASD. Collecting such information would, however, be di�cult. The relevant population to sample for signs
could include all children, children identi�ed as being “at risk,” or children with a demographic pro�le
similar to that of children who are diagnosed with ASD. Use of each of these comparison populations
would likely yield different results.

Given the retrospective nature of our study, the accuracy and quality of responses could diminish with the
time elapsed since the child was diagnosed until the survey date. We conducted several statistical
analyses to test for such bias (see Appendix B). First, we tested, for each sign, whether the probability that
it would be recalled by the parent was in�uenced by the passage of time; it was not. Second, we
conducted a similar test, but for the severity of each sign. Again, reported severity levels were unrelated to
time passed since diagnosis. Finally, we included time elapsed since diagnosis as a covariate in our
regression analyses. Doing so did not affect our �ndings.

Another limitation is that questions about signs refer to only one point in time: around the time of the
diagnosis. Clinical signs that appear later and might have raised concerns had the child not already been
diagnosed, as well as signs that occurred earlier but did not reach the threshold for parents or other care-
givers to delve further or seek help, were not reported, and hence not used in the analysis. In addition,
given that the signs and their level of severity are reported by the parents, they are, by de�nition,
subjective and could be biased.

We also cannot infer causation between the sign pro�le and age of diagnosis, and the direction of many
of the effects reported in our study remains to be established. For example, playing alone could cause
children to be diagnosed later, perhaps because it reduces the salience of other cues, such as delayed
speech. However, it is more likely that playing alone is associated with late diagnosis because it becomes
apparent only later, when children transition to environments where they are expected to play with other
kids.

Even when we suspect that a causal chain does exist, identi�cation of the exact pathway of causation
cannot be established. It is likely, for example, that delayed speech contributes to early diagnosis not
because parents identify it as a cause for concern about ASD, but because it leads to referral to speech
experts, who are more attune to the possibility of ASD as well as familiar with other patterns of signs that
predict it.

Finally, similar to most studies of children with ASD, the indices of socioeconomic status were higher in
our sample than in the general US population. If this discrepancy results, in part, from a greater
willingness to participate in surveys on the part of high SES individuals, then this could affect the
generalization of our �ndings to the broad population. However, the general �ndings of our study should
still hold unless the path to diagnosis is systematically different for lower SES families.
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Conclusion
Utilizing a large survey of parents of children with ASD, this is the �rst study that systematically looks at a
large set of clinical signs and symptoms, their presence and level of severity, the correlations between
them, and how they are related to the age of diagnosis. We show that individual signs play an important
role in predicting age of diagnosis beyond what is captured by the overall severity of the child condition.

Since many signs are highly correlated, we show that most of the variation in age of diagnosis can be
captured by a small number of signs. Using regression tree, we can both rank-order the signs and show
how they interact with each other to provide an earlier diagnosis.

While some of our �ndings are consistent with practitioners’ experience, this study provides statistical
support for existing intuitions, as well as new insights. A key new insight is that clinical signs not
speci�cally associated with ASD can lead to earlier diagnosis if they bring the child to the attention of
professionals who have greater experience with, and hence greater skill in diagnosing, ASD. Another key
insight is that careful attention should be paid to children showing excessive tantrums or aggression, as
these behaviors may interfere with an early ASD diagnoses. Similarly, in the subset of children without
early de�cits in communication, diagnosis is delayed, and this might be improved if more attention will be
given to clinical signs that are not necessarily considered as ASD symptoms.
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Figure 1

Distribution of Clinical Signs & Symptoms by Levels of Severity
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Figure 2

Correlation Between Clinical Signs & Symptoms Severity and Age of Diagnosis Note: “Negative” months
indicate earlier diagnosis
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Figure 3

Regression Tree of Age of Diagnosis and Clinical Signs & Symptoms
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