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Abstract

Background: Autism spectrumdisorder (ASD) commonly presents with co-occurring medical
conditions (CoCs). Little is known about patterns in CoCs in a time of rising ASD prevalence.

Aims: To describe trends in number and type of documented CoCs in 8-year-old children with
ASD.

Methods: We used Autism and Developmental Disabilities Monitoring Network (ADDM) data, a
multi-source active surveillance system monitoring ASD prevalence among 8-year-old children
across the US. Data from surveillance years 2002, 2006, 2008, and 2010 were used to describe
trends in count, categories, and individual CoCs.

Results: Mean number of CoCs increased from 0.94 CoCs in 2002 to 1.06 CoCs in 2010 (p <
0.001). The percentage of children with ASD with any CoC increased from 44.5% to 56.4% (p <
0.001). CoCs with the greatest increases were in general developmental disability (10.4% to
14.5%), language disorder (18.9% to 23.6%), and motor developmental disability (10.5% to
15.6%). Sex modified the relationship between developmental (P = 0.02) and psychiatric (P <
0.001) CoCs and surveillance year. Race/ethnicity modified the relationship between neurological
conditions (P = 0.04) and surveillance year.

Conclusions: The increase in the percentage of children with ASD and CoCs may suggest the
ASD phenotype has changed over time or clinicians are more likely to diagnose CoCs.

"Corresponding author at: Rm 529a, 1500 Highland Ave, Madison, WI 53705, United States., erubenstein2@wisc.edu (E. Rubenstein).
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1. Introduction

Autism spectrum disorder (ASD) is characterized by social and communication impairments
and repetitive behaviors and restricted interests (American Psychiatric Association, 2000,
2013). Along with these diagnostic features, non-ASD co-occurring conditions (CoCs) are
highly prevalent among children with ASD (Baird et al., 2008; Close, Lee, Kaufmann, &
Zimmerman, 2012; Lai, Lombardo, & Baron-Cohen, 2014; Levy et al., 2010; Newschaffer et
al., 2007). CoCs are associated medical and developmental disorders, distinct from ASD,
which may or may not share etiologic origins (Gurney, McPheeters, & Davis, 2006);
examples include language disorders, developmental delays (DD), attention deficit
hyperactivity disorder (ADHD), intellectual disability (ID), sensory integration disorder,
anxiety disorder, and epilepsy (Levy et al., 2010; Simonoff et al., 2008).

Investigating CoCs may provide clues into shared etiologies (Bradley & Isaacs, 2006; Hu,
2012; Ibrahim, Voigt, Katusic, Weaver, & Barbaresi, 2009; Zhang, Xu, Liu, Li, & Xu, 2012),
as the neurological mechanisms of CoCs may provide insight in to the mechanisms behind
ASD (Maski, Jeste, & Spence, 2011; Sinzig, Walter, & Doepfner, 2009). These conditions
complicate ASD presentation and need to be considered when creating interventions specific
to a child’s needs. For example, much work has been done in creating interventions adapted
for children with ASD and anxiety (Lang, Regester, Lauderdale, Ashbaugh, & Haring, 2010;
Reaven, 2009; White, Oswald, Ollendick, & Scahill, 2009) or ADHD (Bradley & Isaacs,
2006; Davis & Kollins, 2012). CoCs are an important consideration in ASD research
because they may factor into timing of ASD diagnosis; certain CoCs are associated with
later age at ASD diagnosis, including hearing impairment (Mandell, Novak, & Zubritsky,
2005), psychiatric and neurologic conditions (Levy et al., 2010), ADHD (Frenette et al.,
2013), and major congenital abnormalities (Frenette et al., 2013). This delay of an ASD
diagnosis is associated with increased expenditures to individuals, families and communities
(Horlin, Falkmer, Parsons, Albrecht, & Falkmer, 2014). Children with ASD and co-
occurring ID are more likely to be diagnosed with ASD at a younger age compared to
children without co-occurring 1D (Shattuck et al., 2009), which may suggest that clinicians
may more easily identify ASD in children with a more severe presentation (Mandell et al.,
2005). Once diagnosed with ASD, children with CoCs, specifically those with co-occurring
ID or epilepsy have increased service costs (Buescher, Cidav, Knapp, & Mandell, 2014;
Lavelle et al., 2014).

It is important to address CoCs in a time when reported ASD prevalence is on the rise. The
most recent estimate from the Autism and Developmental Monitoring (ADDM) Network, an
active US ASD surveillance system, was 16.8 ASD cases per 1000 8-year-old children in
2014 (Baio et al., 2018) a more than doubling of identified prevalence since the first ADDM
Network prevalence report a decade ago (Autism and Developmental Disabilities
Monitoring Network 2010 Principal Investigators, 2007). One hypothesis explaining part of
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this rise is increased awareness of ASD symptoms leading to earlier identification (Koegel,
Koegel, Ashbaugh, & Bradshaw, 2014; Warren, Stone, & Humberd, 2009) and/or more ASD
diagnoses for children with less severe presentations; this hypothesis is supported by the
decrease in proportion of cases with co-occurring ID in ADDM (Autism and Developmental
Disabilities Monitoring Network 2010 Principal Investigators, 2014) and other cohorts
(Charman et al., 2011; Van Naarden Braun et al., 2015). Another possible explanation is
diagnostic accretion or substitution, where a child who was once getting another diagnosis is
now either also getting an ASD diagnosis or is reclassified as only having ASD (Coo et al.,
2007; Croen, Grether, Hoogstrate, & Selvin, 2002; King & Bearman, 2009). Accretion or
substitution would necessitate a child with ASD having at least one other CoC on their
health records. By assessing how the proportion of CoCs in children with ASD changes over
time, we can evaluate patterns in diagnoses at a population level and temporal changes in
extent of CoCs.

The purpose of this study was to describe trends in count and type of CoC in 8-year-old
children with ASD, identified by ADDM. We additionally explored whether trends in type
and count of CoC differed by sex or race/ethnicity. Findings from the study improve our
understanding of how CoCs have changed over time among children with ASD and possible
differences in trends by sex and racial/ethnic subgroups

2. Materials and methods

2.1. Study population and case ascertainment

We examined data collected by ADDM for surveillance years (SYs) 2002, 2006, 2008, and
2010. ADDM is a multiple source active surveillance system established by the Centers of
Disease Control and Prevention to estimate the biannual prevalence of ASD using a
standardized methodology (Autism and Developmental Disabilities Monitoring Network
2010 Principal Investigators, 2014; Baio et al., 2018).

For a child to be identified as potentially having ASD and therefore subject to clinician
review to determine ASD surveillance case status, a child had to have been evaluated for
developmental concerns and had behaviors consistent with the DSM-IV-TR criteria for
autistic disorder, pervasive developmental disorder, or Asperger’s syndrome, as indicated in
their health or education records.

In ADDM, a child was eligible if he or she was 8-years-old during the respective SY and
had at least one parent or guardian who resided in the surveillance area. Educational and
health records were abstracted and reviewed in order to determine ASD case status. Medical,
behavioral, psychiatric, and developmental histories, as well as symptoms and diagnoses
consistent with DSM-IV-TR, were abstracted for each child, along with all available
education records. If more than one record was available for a child, all abstractions were
combined into a composite record. Research-trained clinicians reviewed all composite
records using a highly structured scoring protocol to determine whether the ASD
surveillance case criteria for ASD were met. Clinicians maintained 90% agreement for
reliability on final case status and 80-90% agreement for individual variables scored (Rice et
al., 2007). All ADDM participating sites functioned as a public health authority under the
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HIPAA Privacy Rule and met applicable local Institutional Review Board and privacy/
confidentiality requirements under 45 CFR 46. The ADDM Network is a public health
surveillance system, which does not require participant consent for record review. Further
information about ADDM methods is detailed in Rice et al. (2007).

This study includes children identified with ASD in the ADDM network from sites that
contributed to four SYs: 2002, 2006, 2008 and 2010. SY's 2000 and 2004 were excluded due
to limited site participation and scarcity of data. The eight sites that met entry criteria for this
study were located in Alabama, Arizona, Colorado, Georgia, Maryland, Missouri North
Carolina, and Wisconsin. All but one site changed their surveillance area boundaries at some
point between 2002 and 2010; therefore, a common catchment area was constructed for each
site across all four SY's such that temporal comparisons would be appropriate.

2.2. ldentifying CoCs

A child was considered to have a CoC if there was a clear statement in the child’s health
records by a community professional (e.g. psychologist or developmental pediatrician) that
the child met criteria for a specific disorder. Any recorded instance of a CoC from birth
(1994 for SY 2002, 1998 for SY 2006, 2000 for SYY 2008, and 2002 for SY2010) to time of
record abstraction when the child was 8 years old is included. Due to the amount of potential
health conditions that could present in children, this paper only presents CoCs that were
noted in more than one child in a SY. If the child had a diagnosis that was coded by ADDM
clinical reviewers as ‘other non-ASD conditions’ in their composite ADDM record, we
examined the accompanying text field for potential CoCs. CoCs may have been noted in this
‘other non-ASD condition’ category because of not being listed as a categorical option in the
ADDM abstraction forms, slightly different wordings that prevented accurate categorization
(e.g. ADD rather than ADHD), or coding errors. CoCs in the ‘other’ category were
thoroughly assessed to exclude rule-out diagnoses or sub-diagnostic level traits, while
ensuring proper ascertainment.

Each CoC was placed into one of five broader categories based on groupings of CoCs
created by Levy et al. using ADDM data (2010): a) any CoC; b) developmental conditions
(ADHD, language disorder, learning disability, intellectual disability, DD general, DD
adaptive, DD cognitive, DD motor, DD social personal, DD play, and sensory integration
disorder); c) psychiatric conditions (anxiety disorder, conduct disorder, oppositional defiant
disorder, obsessive compulsive disorder, bipolar disorder, depression, emotional disorder,
mood disorder, mutism, obsessive compulsive disorder, psychosis, reactive attachment
disorder, and schizophrenia); d) neurologic diagnoses (encephalopathy, cerebral palsy,
seizures or epilepsy, brain injury, vision impairment, hearing loss, Tourette’s syndrome); €)
possible causative conditions (tuberous sclerosis, Down syndrome, Fragile X syndrome).

2.3. Data analysis

We modeled trends in the average number for prevalent CoCs using Poisson regression.
Since DD sub-categories (general, adaptive, cognitive, motor, social personal, or play) were
not exclusive and may have been coded differently by clinicians due to lack of standard
definitions for these sub-categories, in instances where a clinician documented more than
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one DD sub-category we counted DD as a single CoC when deriving our average humber of
CoCs. The Poisson model was run twice, first controlling for surveillance site, as it is a
design variable, and second, additionally controlling for sex and race/ethnicity as potential
confounders. Sex and race/ethnicity are associated with different CoCs (Carter et al., 2007;
Mayes & Calhoun, 2011; Rubenstein, Wiggins, & Lee, 2015); sex is associated with age at
diagnosis (Begeer et al., 2013; Fountain, King, & Bearman, 2011; Shattuck et al., 2009)
which has changed over time (Christensen, Bilder et al., 2016; Fountain et al., 2011,
Frenette et al., 2013); and race/ethnicity changed in their distribution in ADDM over time
(Autism and Developmental Disabilities Monitoring Network 2010 Principal Investigators,
2014). We elected to control for these variables since we were interested in trends for the
total sample, not stratified by subgroups. To test for trend, we used a likelihood ratio test
(LRT) to examine if the number of prevalent CoCs for any one of SYs 2006, 2008, or 2010
differed from SY 2002 at an alpha level of 0.05.

Additionally, we ran linear-risk regressions to estimate the percentage of children having
CoCs in each of the four broad categories, given the category had adequate sample size
(developmental, psychiatric, neurological, none) and documented individual CoCs in SY
2002. A linear-risk regression allows us to calculate change in point prevalence over time (as
measured in percent), rather than just calculating prevalence ratios (Prentice & Mason,
1986). We present absolute percent change and confidence intervals comparing SY's 2006,
2008, and 2010 to 2002 and CoCs that occurred in at least 5% of our sample for at least one
study year (ADHD, DD general, DD adaptive, DD motor, DD cognitive, language disorder,
sensory integration disorder, ID and encephalopathy). Our model controlled for site since it
is a design variable and we used LRTSs to assess trend. Lastly, we addressed sex and race/
ethnicity as modifiers by running log-linear regression to calculate risk ratios (RR) between
sexes (female compared to male) and between race/ ethnicities (comparing black non-
Hispanic, other non-Hispanic, or Hispanic to white non-Hispanic). Models included three
covari- ates: site, sex, and race/ethnicity. We tested whether sex or race/ethnicity modified
the relationship between CoCs and SY by a running regression model that included
interaction terms between sex and SY (three terms) or interaction terms between race/
ethnicity and SY (nine terms). We used LRTs to test whether any of the interaction terms in
the given model significantly differed at an alpha = 0.1 level. This test examines whether the
trends in risk ratios comparing non-referent groups (females or black non-Hispanic, other
non-Hispanic, Hispanic) to the referent (male or white non-Hispanic) do not significantly
differ. All analyses were conducted using SAS 9.3 (SAS Institute Inc, 2011).

3. Results

Demographic characteristics are presented in Table 1. Across four SYs, 6379 children from
eight participating sites met surveillance case criteria for ASD. The distribution of these
6379 cases across surveillance years was 14.6% from SY2002 (N = 932), 22.4% from
SY2006 (N = 1429), 26.1% from SY2008 (N = 1666), and 36.9% from SY2010 (N = 2352).
The increase in percentage over SY reflects the increasing prevalence of ASD over the time
period in ADDM. Males made up a majority of our sample, with little change over SY's
(80.8% male in SY2002, 81.7% male in SY2010). Our sample was largely white non-
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Hispanic, but percentage white non-Hispanic decreased over SY's (69.3% in 2002, 61.4% in
2010) with an increase in Hispanic ethnicity (2.7% in 2002, 11.6% in 2010).

Presence of any CoC increased from 44.4% in SY2002 to 56.0% in SY2010. The most
common CoC type was developmental, which increased from SY2002 (41.4%) to SY2010
(53.7%). The most common individual CoCs were DD general (10.8% in SY2002, 14.9% in
SY2010), language disorder (18.6% in SY2002, 23.4% in SY2010), DD motor (9.1% in
SY2002, 15.7% in SY2010) and ADHD (9.4% in SY2002, 13.6% in SY2010).

Fig. 1 presents predicted counts for documented CoCs in each surveillance year, after
controlling for site or site, sex, and race/ethnicity. Estimates were similar between the less
adjusted and fully adjusted models, with both models showing statistically significant
increasing trends (P < 0.001). When only controlling for site, the average number of CoCs
increased from 0.92 per child in SY2002 to 1.03 in SY2010. After additional adjustment for
sex and race/ ethnicity, the average number increased from 0.94 in SY2002 to 1.06 in
SY2010.

When adjusting for site alone, the percentage of children with any CoC increased
significantly (P < 0.001). There were strong increasing trends in categorized developmental
CoCs (P < 0.001) and psychiatric CoCs (P < 0.001) (Table 2). Possibly causative CoCs and
individual CoCs that occurred in less than 5% of children were excluded from these analyses
due to small sample size (See Table 1). Individual CoCs that increased were general
developmental disability (4.1% point increase from 2002 to 2010), language disorder (4.7%
point increase from 2002 to 2010), and motor developmental disability (5.1% point increase
from 2002 to 2010). A significant decrease was seen in intellectual disability (2.5% point
decrease from 2002 to 2010).

Stratified by sex females had more CoCs in all SY compared to males (1.04 compared to
0.95in SY 2002, 1.10 to 0.98 in SY2006, 1.23 to 1.06 in SY 2006 and 1.20 to 1.06 in SY
2010), but the change in count over time did not significantly differ between sexes (P = 0.3).
RRs comparing females to males and trend for four categorized CoCs are presented in Fig.
2. The trend assess whether SY RRs significantly differ from one another within a CoC
category. RRs for any CoC comparing females to males significantly increased over time (P
= 0.04), with females initially being less likely to have a CoC in SY2002 (RR = 0.88) to
becoming more likely in SY2010 (RR = 1.29). Females were more likely to have
developmental CoCs compared to males and this increasing trend in RR over time was
statistically significant (P = 0.02). For individuals developmental CoCs with sufficient
sample size (DD general, DD adaptive, ID, ADHD, language disability, learning disability,
and sensory integration disorder) there were no statistically significant trends. Females were
at higher risk of having a neurological CoC in each SY, but these RRs did not change over
time (P = 0.6). For psychiatric CoCs, females were at greater risk compared to males and
trend significantly increased over time (P < 0.001), although the SY2002 RR had a
confidence interval that was very wide (0.013, 0.96).

The average number of CoCs did not differ by race/ethnicity (P = 0.5). Fig. 3 illustrates RRs
comparing black non-Hispanic, other non-Hispanic, or Hispanic to white non-Hispanic
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children in each COC category and the corresponding trend. This trend assessed whether any
of the trends in RRs across SY's within a CoC category significantly differed by race. In the
psychiatric CoC category, the sample size in the other non-Hispanic group was too small to
statistically test in 2002, so 2006 was used as the referent year. The risks for a
developmental CoC were slightly higher for black children, children of other race, and
Hispanic children compared to white children. When we tested for differences by comparing
whether any of the trends over time (RRs comparing white non-Hispanic to black non-
Hispanic, other non-Hispanic, or Hispanic over SYs) differed from one another; there was
no significant change over time (P = 0.5). White non-Hispanic children were less likely to
have any CoCs in all SYs, but there were no changes in CoC count for other race/ethnicities
over time (P = 0.3). The only category to meet significance was for neurological CoCs (P =
0.04), which may be driven by a reduction in neurological CoCs among other non-Hispanic
children over time. Estimates for neurological CoCs among other non-Hispanic children also
became more precise over time. For individual CoCs, those that had sufficient sample size to
test had no significant trends (ADHD, DD general, sensory integration disorder, DD
language, language disorder and learning disability).

4. Discussion

To our knowledge, this is the first study to examine temporal trends of CoCs in ASD.
Overall, the frequency of CoCs increased slightly, specifically for developmental conditions
like ADHD and DD subtypes. This may be the result of relaxation of earlier diagnostic
practice that discouraged dual diagnoses of ASD and ADHD (Hanson et al., 2013). The
percentage of children with ASD with any CoC increased significantly over the study
period. These trends suggest that children with ASD are either presenting with more
conditions, having more conditions identified or documented, or clinicians are more likely to
give an additional non-ASD diagnosis. Increased utilization of early screening (Radecki,
Sand-Loud, O’Connor, Sharp, & Olson, 2011) may impact this observed rise, as children
screened early have more time to gain diagnoses before the age of eight.

Although slight (0.08% point increase from 2002 to 2010), the change in average number
and type of CoCs may be a sign of changing ASD phenotype. This may be due to a wider
diagnostic net and greater awareness of less severe ASD presentations; ADDM has
consistently seen a decrease in percentage of children with co-occurring ID (Autism and
Developmental Disabilities Monitoring Network 2010 Principal Investigators, 2007, 2014;
Autism and Developmental Disabilities Monitoring Network Year 2012 Principal
Investigators, 2012; Christensen, Baio et al., 2016; Baio et al., 2018). Additionally, the
increase in early intervention programs (Eldevik et al., 2009; Fava & Strauss, 2014;
Reichow, Barton, Boyd, & Hume, 2012) might prevent or reduce the development of CoCs
like anxiety (Dawson & Burner, 2011; Koegel et al., 2014), language disorders (Brian,
Smith, Zwaigenbaum, Roberts, & Bryson, 2016; Dawson & Burner, 2011; Koegel et al.,
2014), and DDs (Fava & Strauss, 2014; Gengoux et al., 2015); however, we observed
increases for each of these CoCs.

Understanding CoCs may help elucidate etiology of ASD. ADHD and Tourette’s syndrome
phenotypes are similar to the ASD phenotype, especially among those children with ASD
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(Hanson et al., 2013; Kern et al., 2015; Sinzig et al., 2009; Ullebo, Posserud, Heiervang,
Obel, & Gillberg, 2012). These CoCs have similar neurological connectivity with long-range
under-connectivity and short- range over-connectivity (Kern et al., 2015) and share certain
copy number variants that could indicate etiologic origin (Martin et al., 2014). Being that
they present differently when paired with ASD, examining the etiologic pathways of these
CoCs may provide insight into ASD etiology. Psychiatric CoCs may share similar heritable
origins of ASD (Duvekot, van der Ende, Constantino, Verhulst, & Greaves-Lord, 2016;
Piven & Palmer, 1999). By focusing on disorders that have this similar etiology, more
phenotypically homogenous ASD subgroups can be created (Lai, Lombardo, Chakrabarti, &
Baron-Cohen, 2013; Veatch, Veenstra-Vanderweele, Potter, Pericak-Vance, & Haines, 2014)
and can be used to better understand ASD presentation. If the increase in ASD prevalence
we see over time is associated with a different CoC pattern, it would then be important to
study ASD etiology incorporating the biology of the CoCs and craft intervention for these
groups.

Females were at higher risk compared to males of having one of the categorized CoCs, with
significant increasing trends in developmental and psychiatric conditions. This may be an
indication that females with ASD are more likely than males to be identified when
presentation is more severe, meaning more CoCs like ID (Carter et al., 2007; Dworzynski,
Ronald, Bolton, & Happe, 2012; Hiller, Young, & Weber, 2015; Kirkovski, Enticott, &
Fitzgerald, 2013; Rubenstein et al., 2015) or that females are getting evaluated for ASD later
than males and clinicians are giving non-ASD diagnoses to try and explain symptoms
(Begeer et al., 2013; Giarelli et al., 2010). There is increased effort to better understand the
female ASD phenotype (Halladay et al., 2015; Lai, Lombardo, Auyeung, Chakrabarti, &
Baron-Cohen, 2015), which could lead to more recognition, diagnosis, and increase in
services for females.

We found few differences in CoCs when comparing race/ethnicities, with the only
significant difference being a slight elevation in prevalence of for neurological conditions for
other non-Hispanic children compared to white non-Hispanic children. Our results suggest
that there may not be racial/ethnic disparity in how CoCs are documented in children with
who have ASD. Past studies have shown that non-white children with ASD were less likely
to receive specialty care (gastrointestinal clinic, neurology, psychology/psychiatry) (Broder-
Fingert, Shui, Pulcini, Kurowski, & Perrin, 2013) and that there are racial/ethnic disparities
in ASD identification. An earlier study analyzed ADDM SY2002 data and reported that
black, Hispanic, and children of other race were less likely to have a formal documentation
of ASD diagnosis in their school or medical records by age 8 compared to white non-
Hispanic children (Mandell et al., 2009). The study found that minority children who met
the diagnostic criteria for ASD were less likely to have been previously diagnosed than
white children; and that those with 1D (1Q < 70) were more likely to have been diagnosed
with ASD. Black children were less likely to have been diagnosed with ASD whether or not
they had ID. It will be important to continue to monitor these trends to evaluate the extent of
racial/ethnic disparity and how it is associated with diagnostic practice and CoCs.

This study had some limitations. We used cross-sectional surveillance data, which prevent us
from examining how children received diagnoses longitudinally. CoCs may be recorded

Res Dev Disabil. Author manuscript; available in PMC 2019 September 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rubenstein et al.

Page 9

better in more recent years, and that children from earlier SYs may be more likely to have
incomplete records. Additionally, we extracted CoC data from abstracted records, which
prevents us from identifying undocumented conditions. We included most CoCs that were
documented but excluded CoCs that only were present in one child, which may lead to a
slight underestimation in average CoC count. Further, we assumed that any CoCs truly co-
occurred with ASD and were not conditions that were incorrectly diagnosed, possibly to
explain ASD traits. We believe that this is a valid assumption since many conditions may be
used to explain ASD traits prior to ASD diagnosis are conditions that often co-occur with
ASD (for example, ID, ADHD) (American Psychiatric Association, 2013; Daniels &
Mandell, 2014). This study was limited to eight sites that consistently had relevant data and
is not a nationally representative sample. Although each site’s data are population-based,
results may not be generalizable to the entire U.S. population. In this study we did not assess
temporality of CoCs, that is, whether they occurred before or after ASD diagnosis. This may
have some implication for how CoCs affect the diagnostic process. This question was
outside the scope of this work and will need to be explored in future studies.

This study has several strengths. We were able to utilize a large population-based set of 8-
year-old children with ASD to identify trends in categorized and individual CoCs. All data
included in this study were collected by ADDM where all participating sites implement a
standardized data collection protocol in the same communities over four surveillance years,
allowing us to perform a tread analysis with less confounding.

5. Conclusion

This study examined trends in CoCs in a sample of 8-year-old children with ASD. We found
that average number of conditions have increased slightly, mainly for developmental
conditions. The percentage of children with any CoC has increased, suggesting that either
the ASD phenotype has changed or clinicians are more apt to give diagnoses of CoCs. We
found that females were more likely to have developmental or psychiatric CoCs as compared
to males, and that the female-male risk ratios for these CoCs increased over time. It is
important to monitor diagnostic trends of CoCs to ensure timely and correct diagnosis for
children with ASD. Future research should assess the relationship between the timing of
receiving an ASD diagnosis and a CoC.
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What this paper adds

We found that average number of co-occurring medical conditions (CoCs) have increased
slightly over time in a surveillance system of children aged 8 years old with autism
spectrum disorder (ASD). The increase was mainly driven by more developmental
condition diagnoses. The percentage of children with any CoC has increased, suggesting
that either the ASD phenotype has changed or clinicians are more apt to give diagnoses
of CoCs. We found that females were more likely to have developmental or psychiatric
CoCs as compared to males, and that the female-male risk ratios for these CoCs
increased over time. It is important to monitor diagnostic trends of CoCs to ensure timely
and correct diagnosis for children with ASD while reducing sex or race related disparity.
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Fig. 1.

Mean count and 95% confidence intervals of co-occurring conditions in 8-year-old children

with autism spectrum disorder in Autism and Developmental Disability Monitoring

(ADDM) Network surveillance years 2002, 2006, 2008, and 2010.
Note: Site model controls for site because it is a design variable.
Note: Full model controls for site, sex, and race/ethnicity.

P for trend with site adjustment is < 0.001.

P for trend with full model adjustment is < 0.001.

Count includes only the DD types and co-occurring diagnoses examined in this paper.
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Fig. 2.

Trends in risk ratios and 95% confidence intervals for categorized co-occurring conditions in
8-year-old children with autism spectrum disorder, comparing females to males in Autism
and Developmental Disabilities Monitoring (ADDM) Network surveillance years 2002,
2006, 2008, and 2010.

Note: Confidence limits for 2002 psychiatric are 0.013 to 0.96 (too large to be shown on this
graph). Controlling for site and race/ethnicity.

P for trend indicates whether at least one surveillance year RR is statistically different from
any of the others.
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Trends in risk ratios and 95% confidence intervals comparing all race/ethnicity groups to the
white non-Hispanic referent group for categorized co-occurring conditions in 8-year-old
children with autism spectrum disorder in Autism and Developmental Disabilities
Monitoring (ADDM) Network surveillance years 2002, 2006, 2008, and 2010.

CoC: documented non-ASD co-occurring condition.

Controlling for site and child sex.

Children with Hispanic ethnicity and psychiatric CoCs were too few in 2002 and a risk ratio
could not be estimated.
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P for trend evaluates whether trends for race/ethnicity groups statistically differ from one
another, within a CoC category.
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Descriptive Characteristics for 8-Year-Old Children with autism spectrum disorder in Autism and

Table 1

Page 19

Developmental Disabilities Monitoring (ADDM) Network in surveillance years 2002, 2006, 2008, and 2010.

2002 2006 2008 2010
N =932 N = 1429 N = 1666 N = 2352
n % n % n % n %
Sex
Male 753 80.8 1188 831 1368 821 1921 817
Female 179 192 241 169 298 179 431 18.3
Site
Alabama 69 7.4 144 10.8 108 6.5 122 5.2
Arizona 39 4.2 86 6.0 141 8.5 226 9.6
Colorado 28 3.0 43 3.01 64 3.8 367 15.6
Georgia 196 21.0 294 20.6 368 221 518 22.0
Maryland 102 109 111 7.8 171 10.3 220 9.4
Missouri 205 220 321 225 357 214 359 153
North Carolina 112 120 173 121 190 11.4 210 8.9
Wisconsin 181 194 257 18.0 267 16.0 330 14.0
Race/ethnicity
White, non-Hispanic 621 69.3 958 70.1 1060 659 1388 614
Black, non-Hispanic 222 248 272 199 347 21.6 447 19.8
Other, non-Hispanic 29 3.2 71 5.2 88 5.5 162 7.2
Hispanic 24 2.7 66 4.8 113 7.0 263 11.6
Missing 36 62 58 92
Categorized coc?
Any CoC 414 444 749 524 935 56.1 2352 56.0
Developmental 386 414 707 495 882 529 1262 53.7
Neurologic 60 146 119 8.3 152 9.1 204 8.7
Psychiatric 33 35 80 5.6 126 76 172 73
Possibly Causative 3 0.3 12 0.8 13 0.8 19 0.8
CoCs count per childb
Mean (SD) 070 1.0 094 120 100 120 102 12
Interquartile interval, median 1 0 2 1 2 1 2 1
Individual CoC
ADHD 88 9.4 191 134 215 129 320 13.6
DD general 101 108 193 214 255 153 351 14.9
DD adaptive 39 4.2 105 7.4 141 8.5 213 9.1
DD motor 85 9.1 164 115 213 12.8 369 15.7
DD cognitive 60 6.4 106 7.4 113 6.8 190 8.1
DD play 5 0.5 8 0.6 15 0.9 19 0.8
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2002 2006 2008 2010

N =932 N = 1429 N = 1666 N = 2352

n % n % n % n %
DD personal/social 0 0.0 0 0.0 0 0.0 2 0.1
Language disorder 173 186 283 19.8 341 205 562 234
Learning disability 13 1.4 29 2.0 24 1.4 41 17
Sensory Integration Disorder 28 3.0 88 6.2 106 6.4 167 7.1
1D 52 5.6 66 4.6 69 41 90 3.8
Brain injury 2 0.2 0 0.0 0 0.0 1 0.0
Cerebral palsy 12 13 20 14 17 1.0 29 1.2
Hearing loss 7 08 11 0.8 10 06 13 0.6
Tourette’s syndrome 1 0.1 4 0.3 2 0.1 0 0.0
Vision impairment 4 0.4 15 11 6 0.4 17 0.7
Epilepsy/seizure 24 26 41 29 47 28 60 2.6

Encephalopathy 20 22 50 35 85 51 109 46
Anxiety 10 11 27 1.9 64 3.8 86 3.7
Emotional disturbance 8 09 20 14 18 11 38 1.6
OCD 1 0.1 4 0.3 4 0.2 9 0.4
ODD 8 0.9 23 1.6 22 13 15 0.6
Conduct disorder 1 01 2 0.1 1 01 1 0.0
Bipolar disorder 2 0.2 9 0.6 9 0.5 6 0.3
Depression 1 0.1 7 0.5 2 0.1 8 0.3
Reactive attachment disorder 2 02 3 02 0 00 1 0.0
Behavioral disorder 0 00 O 0.0 13 08 30 13
Mutism 0 0.0 0 0.0 0 0.0 3 0.1
Mood disorder 5 05 20 14 28 17 47 2.0
Down’s syndrome 3 0.3 4 0.3 10 0.6 16 0.7
Fragile X syndrome 0 0.0 8 0.6 3 0.2 1 0.0
Tuberous sclerosis 0 00 0 00 © 00 2 0.1

ADHD: attention deficit hyperactivity disorder.
CoC: documented non-ASD co-occurring condition.
DD: developmental delay.

ID: intellectual disability.

OCD: obsessive-compulsive disorder.

ODD: oppositional defiant disorder.
a . .
Not mutually exclusive categories.

bCoC count includes only the DD types and co-occurring diagnoses examined in this paper.
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Table 2

Change in percentage of 8-year-old children with autism spectrum disorder and given co-occurring conditions
in Autism and Developmental Disability Monitoring (ADDM) Network surveillance years 2002, 2006, 2008,
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and 2010.

2002 2006 2008 2010 Overall Trend®
% Ab Cl A Cl A Cl ),’2 P
Categoryc
Any CoC 445 78 37,119 112 73,152 119 81,157 27.1 <0.001
Developmental 426 7.8 38,119 11.0 7.0,149 125 8.7,16.2 41.1 <0.001
Neurological 6.6 1.4 -0532 12 -0.6,3.1 15 -03,03 26 0.1
Psychiatric 5.1 1.6 0.3,3.1 2.7 12,42 2.1 0.8,3.4 8.2 0.004
Individual CoCs
ADHD 9.8 4.0 15,64 3.3 0.1,5.7 3.8 16,6.1 10.1  0.002
DD general 104 2.6 0.0,5.2 4.8 22,73 4.1 1.7,6.5 10.2  0.001
DD adaptive 7.4 0.9 -02,20 03 -0.6,1.2 1.4 0.1,2.7 6.1 0.01
DD motor 105 2.0 -04,40 3.0 0.6,5.4 51 27,76 15.4 <0.001
DD cognitive 7.7 -06 -22,11 -07 -22,08 0.2 -15,18 0.04 09
Language disorder 189 11 -20,42 11 -2.0,4.1 4.7 17,77 8.9 0.003
Sensory integration disorder 3.4 3.1 14,48 3.1 15,47 3.9 23,54 201  <0.001
1D 5.9 -10 -2707 -19 -35-02 -25 -42,-09 103 0.001
Encephalopathy 4.0 1.4 -08,59 16 -0.8,4.1 1.8 -07,42 0 1.0
Adjusted for study site.

CoC: documented non-ASD co-occurring condition.

ADHD: attention deficit hyperactivity disorder.

DD: developmental delay.

ID: intellectual disability.

a
Trend test tests whether all of the changes are equal to 0.

bA is the difference for given study year compared to 2002.

Categories are not mutually exclusive. Bold indicates statistical signficance at an alpha = 0.05 level.
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