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Abstract

Objective: To evaluate the risk for developing a substance use disorder (SUD, alcohol or drug
abuse or dependence) in individuals with high-functioning autism spectrum disorder (ASD).

Methods: Subjects with high-functioning ASD were derived from consecutive referrals to a
specialized ambulatory program for ASD at a major academic center from 2007 to 2016. Age-
matched controls and attention deficit hyperactivity disorder (ADHD) comparison subjects were
derived from three independent studies of children and adults with and without ADHD using
identical assessment methodology. Cox proportional hazard models were used to analyze the
prevalence of SUD (alcohol or drug use disorder). Age of onset of SUD was analyzed with linear
regression models.

Results: Our sample included 230 controls, 219 subjects with ADHD, and 230 subjects with
ASD. The mean age for the ASD subjects was 20.0 + 10.3 years. Among ASD subjects, 69%
had a lifetime prevalence of ADHD, and the ASD subjects had significantly higher rates of other
psychiatric psychopathology compared to ADHD and control subjects (p<0.001) ASD subjects
were at significantly decreased risk for developing a SUD compared to ADHD (Hazard ratio
(HR)=0.22, p<0.001) and control subjects (HR=0.62, p=0.04). The age of onset of a SUD was
significantly older in ASD subjects, mean age 21.7 years, when compared to ADHD and control
subjects (both p<0.005).

Conclusions: Individuals with ASD are at decreased risk to develop a SUD, and when they do,

the onset is significantly later than ADHD and controls.

Keywords
Autism spectrum disorder; Psychiatric comorbidity; Substance use disorder; Risk

Autism spectrum disorders (ASD) are chronic, neurodevelopmental disorders characterized
by impairment in social communication, social interactions, and restricted interests [1]. ASD
begins in childhood and functional impairment often persists into adulthood [2,3]. A recent
systematic review estimated there were 52 million cases of ASD globally, and ASD was
associated with substantial disability [4]. A sizeable proportion of individuals with ASD
have intact cognitive and language abilities and are referred to as high functioning ASD.

While recent research on high functioning ASD has documented high levels of psychiatric
comorbidity with disruptive mood and anxiety disorders [5,6], much less is known about
the comorbidity with substance use disorders (SUD). To our knowledge only two studies to
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date, one with adolescents and another with adults, have specifically examined co-occurring
SUD in individuals with ASD seeking psychiatric treatment [7,8]. In both studies individuals
with ASD when compared to individuals without ASD were significantly less likely to use
substances [7,8].

Results from studies examining the risk for SUD in non-referred populations with ASD,
however, have been mixed. A case-control study of adults with ASD found they were less
likely than controls to have a lifetime history of SUD [9]. Likewise, a population-based
registry study of adults with ASD within a large health care system found adults with ASD
were significantly less likely than controls to have an alcohol use disorder or self-report
alcohol use or cigarette use [10]. However, no difference in risk for a drug use disorder was
found between adults with ASD and controls in this study. In contrast, two population-based
registry studies found non-referred individuals with ASD were two to four times more likely
to have a SUD when compared to controls [11,12].

The limited research on the prevalence of SUD in clinically referred and non-referred
individuals with ASD, and mixed findings on risk for SUD in this population call for
additional research on this issue. SUD is associated with substantial morbidity and disability
[13,14] and further insights into the risk for SUD in high functioning ASD could help design
programs to mitigate this risk. Furthermore, adults with ASD and SUD are particularly
affected by this comorbidity since they have been found to have a poorer quality of life and a
higher number of care needs when compared to adults with SUD only [15].

The main aim of this study was to evaluate the risk for developing SUD, including

cigarette smoking, in individuals with high-functioning ASD. To this end we assessed the
risk for SUD in individuals seeking psychiatric treatment for high-functioning ASD and
compared them with age-matched ADHD and unaffected controls. Based on the literature,
we hypothesize that individuals with high functioning ASD will be at lesser risk to develop a
SUD compared to ADHD and unaffected control subjects.

We conducted a retrospective medical chart review of consecutive referrals of intellectually
capable subjects with ASD (high functioning ASD) to a specialized ambulatory program

for ASD at a major academic center from 2007-2016. Individuals referred to this program
had presumptive or established diagnoses of ASD. We included subjects who had a SUD
assessment documented as part of a structured interview conducted during their evaluation.
We excluded subjects with established or suspected diagnosis of intellectual disability as per
clinical evaluation. We received institutional review board approval to review, analyze, and
report anonymously on these subjects.

The ASD subjects were then age-matched with attention-deficit hyperactivity (ADHD) and
control (no ADHD or ASD) comparison subjects to evaluate risk for SUD and age of onset
of SUD (Fig. 1). The ADHD and control comparison subjects were derived from three
independent case control studies. Specifically, 1) and 2) were prospective controlled studies
of boys and girls 6-17 years of age with and without Diagnostic and Statistical Manual
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of Mental Disorders, Third Edition, Revised (DSM-111-R) ADHD [16,17], and 3) was a
prospective controlled family study of men and women 18-55 years of age with and without
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-1V) ADHD
[18]. For each study, available biological parents and siblings of probands (and children of
probands in the adult ADHD study) were also ascertained and assessed. All three studies
excluded probands with inadequate command of the English language, ASD, or full-scale 1Q
<80.

Assessment Procedures

Psychiatric and SUD Diagnoses—All subjects, including the ASD subjects who were
derived from a clinical program, had structured interviews. The structured interviews were
conducted by trained and supervised psychometricians with bachelor’s or master’s degrees
in psychology or a related field. For the ADHD studies, interviewers were blind to the
ascertainment status of the families. For the ASD subjects, interviewers were blind to any
a priori information as to the subject’s specific complaints or clinical diagnoses apart from
their knowledge that they had been referred to the clinic.

Subjects <18 years of age were evaluated using the Kiddie Schedule for Affective Disorders
and Schizophrenia for School-Age Children — Epidemiologic Version (K-SADS-E) [19].
The K-SADS-E is a semi-structured interview that generates current and lifetime Axis-I
diagnoses according to DSM-111-R/IV criteria in children and adolescents. Subjects =18
years of age were evaluated using the Structured Clinical Interview for DSM-1V Axis

| Disorders (SCID-1) [20] supplemented with modules from the K-SADS-E to assess
childhood diagnoses. The diagnoses for psychiatric disorders and SUD were DSM-I11-R
based for subjects assessed before 1994 and DSM-1V based thereafter. Age of onset for SUD
and cigarette smoking were derived from structured interviews and defined as the age at
which subjects first met criteria for a SUD and first used cigarettes. Since the K-SADS-E
and other structured interviews lack a module to evaluate ASD, this was assessed differently
as described in detail below. For subjects <18 years of age, independent interviews occurred
with parents, and direct interviews with children >12 years of age. For ASD subjects =18
years of age, a primary caretaker (if available) also completed the structured diagnostic
interview.

ASD Diagnosis

ASD Sample: Patients seen within the ASD program were assessed for ASD through a
detailed psychiatric diagnostic interview with a board-certified psychiatrist experienced in
evaluating ASD and comorbid psychiatric disorders. Diagnosis of ASD was established

by applying the prevailing DSM based diagnostic criteria for autism (DSM-IV Pervasive
Developmental Disorders: autistic disorder, Asperger’s disorder, or pervasive developmental
disorder-not otherwise specified [PDD-NOS] or DSM 5: ASD). The psychiatric diagnostic
interview was conducted with the subject and parent/guardian(s)/significant other, and
information was incorporated from multiple sources when available (e.g., psychiatric
records, schools, social services).
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ADHD and Control Sample: Subjects in the ADHD studies were assessed for ASD
through a structured interview that was adopted based on DSM-I1I-R diagnostic criteria
for PDD. ASD was defined as subjects meeting criteria for autistic disorder or PDD-NOS.

Structured Interview Rater Reliability—Rater reliability was established by having
experienced, board-certified child and adult psychiatrists and licensed clinical psychologists
who were blinded to any prior information diagnose subjects from audiotaped interviews.
Based on 500 assessments from interviews of children and adults, the median kappa
coefficient was 0.98 [17]. The kappa coefficient for SUD was 1.00 [17]. Rater reliability
for the ASD module for the ADHD studies was established by having an independent

rater with expertise in the diagnosis of ASD listen to audiotapes of 20 randomly selected
modules with or without a diagnosis of ASD. Based on these audiotapes, the reliability with
the rater was kappa=0.90. Rater reliability for the diagnosis of ASD for the subjects with
ASD was established by an independent rater and the final diagnostic rating made by a
clinician-reviewer was kappa=0.88 [6].

IQ Assessment—Full scale 1Q was measured using the Wechsler Intelligence Scale for
Children — Third Edition (WISC-II1) [21] for ADHD and control subjects <18 years of

age, Wechsler Adult Intelligence Scale — Third Edition (WAIS-I11) [22] for ADHD and
control subjects =18, and Wechsler Abbreviated Scale of Intelligence (WASI) [23] for ASD
subjects. For ASD subjects without a WASI a board certified psychiatrist evaluated 1Q based
on current and childhood history. As noted above, individuals with ASD with intellectual
impairment were excluded, and intellectual impairment was determined based on conceptual
(academic) adaptive functioning that required additional support.

Socioeconomic Status Assessment—We measured socioeconomic status (SES) using
the 5-point Hollingshead scale [24]. A higher score indicates being of lower SES.

Statistical Method

There were 230 ASD subjects from the ASD program with information regarding SUD
(alcohol or drug abuse or dependence or cigarette smoking). Given the wide age range of
subjects from the clinic (12-59 years of age), we matched ADHD and control subjects to

the ASD group by age using frequency matching. The ASD group had 144 subjects (63%)
12-17 years of age and 86 subjects (37%) 18-59 years of age. We derived ADHD and control
subjects 12-17 years of age from the child ADHD studies, and subjects 18-59 from the adult
ADHD study. For our ADHD group, the child ADHD studies did not have enough children
with ADHD to sample 144 subjects 12-17 years of age, so we included all 138 available
subjects and randomly selected 81 subjects 18-59 years of age from the adult ADHD study
to keep the group at 63% adolescents and 37% adults. For the control group, we randomly
selected children and adults without ADHD which included 144 subjects 12-17 years of age,
and 86 subjects 18-59 years of age. Our final sample consisted of 230 ASD, 219 ADHD, and
230 control subjects.

We examined differences in demographic characteristics, rates of psychopathology, and
age at onset for any SUD (alcohol or drug use disorder), alcohol use disorder (abuse
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or dependence), drug use disorder (abuse or dependence), and cigarette smoking among

the groups using linear, ordered logistic, and logistic regression models for continuous,
ordinal, and binary outcomes, respectively. Lifetime prevalence of any SUD, alcohol use
disorder, drug use disorder, and cigarette smoking were analyzed using Kaplan-Meier failure
functions and Cox proportional hazards models to account for the age of onset of SUD.

We used the earliest age at onset in computing the survival time for cases and the age at
assessment as the time of censoring for noncases.

Analyses were performed using regression models with robust standard errors to account
for the non-independence of family members. Tests were two-tailed and performed at the
0.05 alpha level using Stata (Mersion 15.1) [25]. Data are presented as percentages, absolute
numbers, or mean + standard deviation (SD) unless otherwise described.

Results

Sociodemographic Characteristics

There were significant differences between ASD, ADHD, and control subjects in sex,
SES, and 1Q, but not in age or race (Table 1). The mean age for each group was 20.0

+ 10.3 years for ASD subjects, 21.6 + 12.1 years for ADHD subjects, and 19.6 + 8.5

years for control subjects. ASD subjects had a significantly higher proportion of males and
lower 1Q compared to ADHD and control subjects, and those in the control group had a
lower SES compared to the other two groups. The differences in sex, but not SES or 1Q,
were considered clinically significant in addition to statistically significant, and thus all
subsequent analyses controlled for sex.

Psychopathology

Among ASD subjects, 69% had a lifetime prevalence of ADHD (N=155 out of 225 subjects,
5 patients did not have this information). Lifetime prevalence of other psychopathology
(excluding ASD, ADHD, SUD, and cigarette smoking) within each group was 96% for ASD
subjects, 89% for ADHD subjects, and 43% for control subjects (X22:144-99? p<0.001).
ASD subjects had significantly higher rates of other psychopathology compared to ADHD
and control subjects, and ADHD subjects had significantly higher rates compared to control
subjects. When looking at specific psychopathology, ASD subjects had significantly higher
rates of bipolar disorder and multiple (=2) anxiety disorders compared to ADHD and control
subjects (Table 2). Additionally, ASD subjects had significantly higher rates of conduct
disorder compared to control subjects, but significantly lower rates of conduct disorder
compared to ADHD subjects. ADHD subjects had significantly higher rates of all examined
psychopathology compared to control subjects.

Any SUD

Lifetime prevalence of any SUD in ASD (N=29, 13%) was similar to controls (N=436, 19%,
p=0.05) but lower than observed with ADHD (N=78, 36%, p<0.001). This pattern remained
the same when subjects were stratified by age (12 to 17 years: ASD: N=1, <1%, Controls:
N=7, 5%, ADHD: N=16, 12%, p=0.003; 18 years and older: ASD: N=28, 33%, Controls:
N=36, 42%, ADHD: N=62, 77%, p<0.001).
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Significant group differences were noted in the Cox proportional hazards model (X22:58.83;
p<0.001) (Figure 2A). The risk of developing any SUD was significantly lower in ASD
subjects compared to ADHD subjects (Hazard ratio [HR]=0.22, 95% confidence interval
[CI]: 0.15, 0.34; p<0.001) and control (HR=0.62; 95% CI: 0.39, 0.98; p=0.04) subjects.

Significant group differences were noted in age at any SUD onset (Table 3). ASD subjects
were significantly older when they developed any SUD compared to ADHD and control
subjects (p<0.005).

Alcohol Use Disorder

Lifetime prevalence of an alcohol use disorder in ASD (N=26, 11%) was similar to controls
(N=36, 16%, p=0.05) but significantly lower than observed with ADHD (N=65, 29%,
p<0.001). Significant group differences were noted in the Cox proportional hazards model
(X22:39.03; p<0.001) (Figure 2B). The risk for developing an alcohol use disorder in ASD
subjects was significantly lower compared to ADHD subjects (HR=0.26, 95% ClI: 0.17,
0.41; p<0.001). There was a trend toward decreased risk for an alcohol use disorder when
ASD were compared to controls (HR=0.62, 95% CI: 0.38, 1.03; p=0.06).

Significant differences among the groups were found for age at alcohol use disorder onset
(Table 3). ASD subjects were significantly older when they developed an alcohol use
disorder compared to ADHD and control subjects.

Drug Use Disorder

Lifetime prevalence of drug use disorder in ASD (N=13, 6%) was similar to controls (N=19,
8%, p=0.05) but significantly lower than observed with ADHD (N=53, 24%, p<0.05).
Significant group differences were noted in the Cox proportional hazards model (X22:45.38;
p<0.001) (Figure 2C). ASD subjects were at significantly decreased risk for developing a
drug use disorder compared to ADHD subjects (HR=0.18, 95% CI: 0.10, 0.34, p<0.001)

and there was no significant difference in the risk of a drug use disorder between ASD and
control subjects (HR=0.69, 95% CI: 0.34, 1.42; p=0.32).

We did not find significant differences among the groups when looking at age at drug use
disorder onset (Table 3). There were 13 ASD subjects with drug use disorder and the most
common type was cannabis (n=9, 69%), followed by cocaine (n=2, 15%), stimulants (n=1,
8%), and sedatives (n=1, 8%).

Cigarette Smoking

Data on cigarette smoking were available for 163 control, 154 ADHD, and 230 ASD
subjects. Lifetime prevalence of cigarette smoking in ASD (N=13, 6%) was similar to
controls (N=14, 9%, p=0.05) but significantly lower than observed with ADHD (N=47,

31%, p<0.001). Significant group differences were noted in the Cox proportional hazards
model (X22:45.68; p<0.001) (Figure 2D). ASD subjects were at significantly decreased risk
for cigarette smoking compared to ADHD subjects (HR=0.17, 95% CI: 0.08, 0.32; p<0.001).
There was no significant difference in risk of cigarette smoking between ASD and control
subjects (HR=0.74, 95% CI: 0.33, 1.63; p=0.45).
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We did not find significant differences among the groups when looking at age at onset of
cigarette smoking (Table 3).
Discussion

The results of our analysis showed that individuals seeking psychiatric treatment with
high-functioning ASD were at significantly decreased risk to develop a SUD (alcohol

or drug use disorder) when compared to age-matched controls and those with ADHD.
Additionally, when individuals with ASD developed a SUD they did so at a significantly
older age than ADHD and control subjects. This study brings increased attention to an
understudied but important co-occurring disorder with ASD—SUD. Although individuals
with high-functioning ASD are at decreased risk to develop a SUD it is important to
continue to screen for substance use in this population through young adulthood.

Our finding showing that relative to individuals with ADHD and controls, individuals with
high functioning ASD were at significantly decreased risk to develop a SUD (80% and
40% reductions respectively) relative to individuals with ADHD, are consistent with those
found in referred adults with ASD [8,9]. Our findings are inconsistent, however, with larger
registry studies that have found individuals with ASD to be at elevated risk for SUD

when compared to age and sex-matched controls [11,12]. Additional research is needed to
help clarify SUD risk among treatment and non-treatment seeking individuals with high
functioning ASD.

Although the risks for alcohol use disorder, drug use disorder, and cigarette smoking
were statistically different between the ASD and ADHD subjects (all p<0.05), there were
no statistical differences in risks between the ASD and control groups. SUD subgroup
differences have been examined in non-treatment seeking individuals with ASD with
varying results [12,10]. In our study the smaller sample size in subgroups and subsequent
variability in the data may have limited our ability to detect statistically significant
differences between ASD and control groups. Since it is unclear if individuals with ASD
have a substance specific vulnerability, and differences exist in acute and chronic health
risks associated with substances, continued research is needed on ASD risk for different
types of substance use/disorder.

A noteworthy finding from our study was that individuals with ASD develop SUD at a later
age relative to those with ADHD and controls. There was no difference, however, in the
age of onset of cigarette smoking between individuals with ASD and those with ADHD

or controls. Our findings are discrepant with those of Sizoo et al. (2010) that found no
difference in age of onset for SUD between adults with ASD and ADHD, but did report a
later age of onset of cigarette smoking in adults with ASD when compared to those with
ADHD [8]. In both our study and Sizoo et al., (2010)’s, cigarette smoking began before
individuals with ASD developed a SUD [8]. This developmental pattern of substance use
with early cigarette use is consistent with the broader literature on patterns of substance use
in young people [26].
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The consistent pattern of decreased risk for SUD and later onset of SUD among individuals
with ASD relative to individuals with ADHD is notable since 69% of individuals with
ASD in our sample had a lifetime history of ADHD. This finding suggests that despite a
large portion of individuals with ASD having increased risk for SUD due to co-occurring
ADHD their ASD and/or other psychiatric co-morbidity may have mitigated this risk.
Unfortunately, our sample size limited our ability to formally explore the impact of
psychiatric co-morbidity on the relationship between ASD and SUD. Research on the
impact of psychiatric co-morbidity on the association between ASD and SUD has been
limited to date, although a web-based survey of students entering college who self-identified
as having ASD was able to examine associations between a history of alcohol use and
ASD co-morbidity [27]. This study found individuals with ASD and a learning disorder
when compared to those with ASD only were 2.5 times more likely to have drank alcohol
in high school. Additional research to inform clinical care is needed with large samples

of individuals with ASD to examine the risk for a SUD in the context of co-occurring
psychopathology.

Although the reasons for the decreased risk for SUD and later age of onset of these disorders
in individuals with high functioning ASD in our sample remain unclear several explanations
are plausible. It is possible that the delay in social development and unique traits related to
ASD, such as rule-boundness and cognitive rigidity, may moderate the risk for SUD. For
example, adolescents with ASD may not be included in social events where they would
have access to substances for misuse. Likewise, adolescents with ASD may lack the social
skills and social network needed to obtain substances for misuse from peers or strangers.
Alternatively, they may not think it is acceptable to use cigarettes or alcohol until they are
old enough to legally do so. Since social skills can impact access to substances, additional
research that formally assesses the degree of social impairment when evaluating SUD risk
among individuals with ASD is needed.

Study strengths include systematic assessment of all subjects which allowed us to examine
for clinical differences between subjects with high-functioning ASD, ADHD, and controls
and allowed for the examination of substance specific differences. However, the findings
from our study need to be considered in the context of some methodologic limitations.
Although subjects were systematically assessed, mediators and moderators of SUD risk,
such as perception of risk and family history of alcohol and drug use, were not

assessed which would have provided a more comprehensive understanding of the findings.
Furthermore, although all subjects were systematically evaluated with similar procedures,
the ASD subjects presented for clinical care and the ADHD and control subjects were
ascertained through an observational research study. Samples of convenience drawn from
clinical samples may have more complicated co-morbidity and/or psychosocial stressors that
differ from samples purposefully recruited for research which can impact outcome. For our
study, the control and ADHD subjects were largely recruited from clinical settings which
decreases unmeasured differences between groups. Additionally, although the ASD subjects
were systemically evaluated with structured interviews, the ASD diagnosis was established
clinically and diagnostic aids commonly used in research, such as the Autism Diagnosis
Observation Schedule, were not applied. The subjects were also ascertained over a broad
time frame and the diagnostic criteria used to assess for ASD changed over this period.
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Despite this, the diagnostic criteria for ASD include autistic traits that are consistent across
versions of DSM. Although the DSM versions may differ in categorization of subtypes of
ASD, they are substantially consistent in eliciting significant social impairment associated
with ASD. Furthermore, our sample only included intellectually capable individuals with
ASD which many not generalize to ASD populations with intellectual disability. Another
limitation for our study is that we had missing data on cigarette smoking in the control and
ADHD groups. However, our sample size was still relatively large, and it did not affect our
power to detect differences. Nonetheless, future studies would benefit from groups balanced
in sample size when examining cigarette smoking. Lastly, since the sample was mostly
Caucasian our findings may not generalize to other ethnic groups.

Despite limitations, our study demonstrated that individuals with high-functioning ASD,
when compared to those with ADHD and controls, were at decreased risk to develop a SUD
(alcohol or drug use disorder), and when they did develop SUD they did so at an older age.
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ASD Subjects

Total Clinically Referred Population
(to ASD Clinic Between
October 2007-March 2016)
N=921

With ASD Di -
(Clinically established Diagnosis)
N=658

=l

ASD with Structured Diagnostic Interview
N=230

/N

ASD without SUD ASD with SUD
N=201 N=29

Fig. 1.
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Comparison Subjects
(Attention Deficit Hyperactivity Disorder (ADHD) and Controls)

N=772 Assessed for Eligibility
N=260 Study 1 (children)
N=262 Study 2 (children)
N=250 Study 3 (adults)

N=323 Excluded/Ineligible (not age- and sex-
matched to ASD group, no SUD info)
> N=128 Study 1 (children)

N=112 Study 2 (children)
N=83 Study 3 (adults)

N=449 Included in Analysis
N=132 Study 1 (children)
N=150 Study 2 (children)
N=167 Study 3 (adults)

N=219 ADHD
N=65 Study 1 (children)
N=73 Study 2 (children)
N=81 Study 3 (adults)

N=230 Controls
N=6T Study 1 (children)
N=T7 Study 2 (children)
N=86 Study 3 (adults)

Study Subject Selection Process (Comparison subjects age-matched to Autism Spectrum

Disorder (ASD) subjects)
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M Controls B ADHD ASD

A Any Substance Use Disorder B Any Alcohol Use Disorder
1.004 1.00
a***

0.75 0.75
8% 8=
58 53 ar**
L. L.
88 8
o 3 050 a 7 050
22 82
e =

0.25 0.25

0.00 0.00

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Age at Onset (Years) Age at Onset (Years)
C Any Drug Use Disorder D Cigarette Smoking

a***
0.50

a***

Lifetime Prevalence
(Adjusted for Sex)
°
8
Lifetime Prevalence
(Adjusted for Sex)

b***

T T T T T T T T
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35

Age at Onset (Years) Age at Onset (Years)

Fig. 2.
Kaplan-Meier failure functions for A) any substance use disorder (alcohol or drug abuse or

dependence), B) any alcohol use disorder (abuse or dependence), C) any drug use disorder
(abuse or dependence), and D) cigarette smoking

Sample sizes vary. Any SUD: Controls N=229, ADHD N=219, ASD N=230; Any AUD:
Controls N=230, ADHD N=218, ASD N=230; Any DUD: Controls N=230, ADHD N=219,
ASD N=230; Cigarette Smoking: Controls N=163, ADHD N=154, ASD N=230
aCompared to Controls. PCompared to ADHD

*P<0.0125, **P<0.005, ***P<0.001
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Table 1.

Demographic characteristics of control, ADHD, and ASD subjects. Control and ADHD subjects were
frequency-matched by age to ASD subjects

Controls ADHD ASD Test Statistic  P-Value
N=230 N=219 N=230
Age (years) 196+85  21.6+12.1 200+ 103 Foew=190 015
2 —
Socioeconomic Status” -7 £ 08 19+1.0%* 20+10%* X2=6.49 0.04
Full Scale 107 H37T£1LT 4106 4+134% 1024 + 17770 Fe 572022 <0001
N (%) N (%) N (%)
Male 97 (42) 108 (49) 1o (o) X668 <0.001
2 _
Caucasian’ 209 (94) 206 (96) 187 (93) x%=2.10 0.35

aCompared to controls.
bCompared to ADHD.
*
P<0.05
Ak
P<0.005
Hk

*
P<0.001

meaIIer sample size. Socioeconomic status: Controls: N=227, ADHD: N=214, ASD: N=191; Full Scale 1Q: Controls: N=230, ADHD: N=218,
ASD: N=125; Caucasian: Controls: N=222, ADHD: N=214, ASD: N=201
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Table 2.
Lifetime rates of psychiatric comorbidity

Controls ADHD ASD Test P-Value

N=230 N=219 N=230 Statistic

N (%) N (%) N (%)
Bipolar disorder 1(<1) 30 (14)3*** 51 (22)3**’“0* 18.54 <0.001
Major depressive disorder 51 (22) 138 (63) axxt g 61) axsr 88.55 <0.001
Multiple (=2) anxiety disordersf 19(12) 66 (42)3*** 145 (70)a***b*** 88.97 <0.001
Oppositional defiant disorder/Antisocial personality disorder 7200 118 (54) % 116 (52)a*** 8347 <0.001
Conduct disorder 4 [AC) 48 (22) a9y (12) e 3623 <0.001

aCompared to Controls.
bCompared to ADHD.
P<0.05
Ak
P<0.005

*oAok
P<0.001

7LSmaIIer sample size. Multiple anxiety disorders: Controls=156, ADHD=156, ASD=206; ODD/ASPD & Conduct: ASD=224-225
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Age at onset of substance use disorders in control, attention deficit hyperactivity disorder (ADHD), and autism

spectrum disorder (ASD) subjects

Controls ADHD ASD Test Statistic  P-Value
N=42 N=78 N=29
Any Substance Use Disorder Age at Onset (Years) 17.4+2.6 16.9+3.8 217+ 7_9a**b** F(2, 148=5.68 0.004
Alcohol Use Disorder Age at Onset (Years) T 17.4£25 16831 )5, 792=dx Fp 197669 0002
Drug Use Disorder Age at Onset (Years) 7 179+28 17.0£30 192£58 F.8972:31 011
Cigarette Smoking Age at Onset (Years) 158+30 143+21 157+21 Fe.79=250  0.09

aCompared to controls.
b
Compared to ADHD.
*
P<0.0125
ok
P<0.005

*ok

*
P<0.001

meaIIer sample size. Alcohol Use Disorder: Controls: N=35. ADHD: N=64, ASD: N=26; Drug Use Disorder: Control: N=19, ADHD: N=52,
ASD: N=13; Cigarette Smoking: Controls: N=14, ADHD: N=47, ASD: N=13

*
Two ADHD subjects were removed from this analysis because they had outlying onsets (both =35 years; mean age of onset was 17.5 years when

outliers were included)
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